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| MEETING THE CHALLENGE OF 





Space-age explorations of the the ground, represent a formidable nological resources of its specialized 
heavens, using astronomical satellites challenge to the technical and divisions and member companies, 
to compile systematic catalogues of organisational abilities of the parti- Philips is continuing to meet this 
radio, infrared, ultraviolet and X-ray _cipating industries. And, by integrat- challenge - as the following examples 
radiations, have fundamentally ing the experience, expertise and tech- illustrate. 


changed man’s existing picture of the 
universe. 

An example of such pioneering 
sky maps was the inventory of X-ray 
and ultraviolet cosmic sources made 
by the Astronomical Netherlands 
Satellite, ANS, a few years ago. The 
celestial map drawn on the basis of 
the measurements made is still being 
used for detailed observations. 

The technological lead gained 
by ANS will soon be followed-up by 
placing another Dutch astronomical 
satellite, IRAS, into a 900 km orbit 
around the earth. Basically, the task of 
IRAS is to compile a sky map cover- 
ing all infrared radiation between 8 
and 120 jum, as well as to measure the 
intensity of radiation from the 
infrared sources, 

Having made an important 
contribution to the success of the 
ANS space platform, Philips has again 
been chosen to provide technological 
assistance for this new, equally 
ambitious astronomical project. 
Responsibilities include IRAS’s on- 
board computer, power supply, com- 
munication system and sub-systems 
integration and testing. 

The requirements of satellite 
technology, both for in space and on 
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Changing the name of a research council will not help British engineering out 


of the rut. But what will? 


British engineering education 1s once more 1n turmoil In spite 
of the appearance of the Finniston committee’s report on 
engineering education just over two years ago, which went a long 
way to meeting previous discontents, and a more recent decision 
by the Science Research Council to add engineering to 1ts formal 
title, the engineering professors from British universities, long 
known as a body of turbulent men, are still pressing for a separate 
engineering research council just for them The argument that 
inspires this movement has little substance and indeed 1s illogical 
if taken seriously What the engineering professors are doing is to 
combine elements from the Finniston report and their own 
practice which are consistent with each other but inconsistent with 
the needs of potential engineers, with the needs of British industry 
as they should be and indeed with the needs of education 

The Science Research Council’s decision to call itself the 
Science and Engineering Research Council seemed last year to be 
strictly cosmetic In reality, the Science Research Council had for 
many years been trying with conspicuous success to increase the 
proportion of the funds spent on engineering research in British 
universities The fact that over the years it has found this task very 
difficult 1s as much an indication of the receptiveness of the 
market — potential researchers in universities — to the 
availability of research funds as a sign that engineering 1s included 
in comparison with science and other fields of enquiry For the 
principle 1s that research 1s almost mevitably a less important part 
of British engineering education, at least as at present constituted, 
than of other scientific fields of enquiry (medicine perhaps 
excepted) For one thing (as the Finniston committee noted) many 
of those who enter engineering courses do so because they wish to 
join some part of the labour force at an early stage — wish to “‘get 
something done”? Second, engineering research frequently 
entails use of large and expensive experimental rigs which, at least 
as British universities are at present organized, hard to come by 
Third, it 1s by no means clear whether research in a formal 
academic sense contributes to the creativity which the engineering 
professors, like the Fmniston committee, consider to be the 
element in British engineering now most in need of being fostered 
In short, the case for regarding research as an essential part of 
engineering education rests only on the proper assumption that 
people who teach and do nothing else are probably poor teachers 
Yet, underpaid as they are, many British engineering academics 
prefer to spend what spare energy they have, not on the 
preparation of formal research reports, but on activities that may 
in the long run be just as useful to them as teachers — consulting 
for companies, working on real projects or perhaps even writing 
books that simplify scraps of information already known 

So why is the cry that more funds should somehow be 
channelled into academic engineering research so insistent? The 
chief answer seems to be that the engineering professors and their 
followers have noted how, ın other fields of science, people’s 


US contributors please note 


From now on, authors in the United States and Canada 
should send their manuscripts either direct to London or to the 
Washington office, whose new address in Nature, 991 National 
Press Building, Washington, DC 20045, manuscripts should no 
longer be sent to Nature’s New York office 
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prestige or even promotion depends on their formal completion 
of research projects of various kinds Finniston was persuaded of 
the importance of this model, suggesting that engineering would 
not acquire the status he rightly wished to give it until most 
engineering academics were able to brandish curricula vitae 
stuffed with research papers published in some formal body of 
literature The argument may be far If this were indeed what 
most engineering academics could boast of, they would no doubt 
walk taller when mixing with their scientific colleagues in 
universities But it does not follow that the condition of 
engineering education would thereby be improved Indeed the 
Finniston report itself drew attention to the importance that 
engineering academics should be people who, first of all, were 
able to win the respect of their industrial rather than academic 
counterparts For, the argument goes, only then will their 
students respect them and listen to what they have to say 

The same depressing conclusion is not equally applicable 
elsewhere, ın many of the countnes of Western Europe and the 
United States for example The reason for that difference, 
however, lies in one feature of the British engineering curriculum 
which needs more attention than it was given even by the 
Finniston committee Starting from its assumption about the 
motives persuading undergraduates to enter engineering courses 
in British universities, the Finniston committee argued that 
people wishing to work as engineers should be given plenty of 
opportunity to do so quickly In other words, the more a student 
was persuaded to acquire a good understanding of physical (and 
these days biological) science, the more likely he was to lose hiss, 
sense that engineering 1s something different The result of that? 


argument, accepted by the Finniston committee and most of thoss Ee TE 
enthusiastic about 1ts conclusions, 1s that even those engineering aS 


courses at British universities which have been ‘‘enriched’’ differ 
very little from the older courses to which have been grafted 
elements of the curriculum concerned with law, industrial 
relations and production engineering (whatever that may be) 
This implies that even 1f, asis likely, the next few years see a spread 
of these enriched courses throughout the British university 
system, engineers leaving the universities may still be ignorant of 
the rudiments of the sciences to which their skills apply Is this a 
recipe for providing the kinds of engineers hkely to be at the 
forefront cf industrial innovation? Or is ıt a device for making 
sure that even 1f the other obstacles to change in British industry 
were removed, engineers would still feel trapped by the past? 
The Finniston report, rich as 1t was in comparisons between the 
economics of Britain and its industrial competitors, seems not 
fully to have heeded the implications of the curricular 
comparisons that it also mcluded Elsewhere, especially in 
Western Europe, engineering education 1s indeed an intimate 
amalgam of sciences and its application To be sure courses are, 
by British standards, long — five rather than three or four years 
are commonplace The graduates from these more rigorous 
engineering schools appear to make a more direct contribution to 
the innovation of products and processes The Japanese example 
is perhaps even more striking — university engineers tend to be 
well trained ın basic sciences and the companies which eventually 
employ them shoulder much of the task of helping them 
understand how their knowledge can be used Why should not the 
British educational system follow one or other of these paths? It 
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would be wrong to blame the engineering professors, who appear 
willing to change, although they contribute to the suspicion 
growing between science and engineering in Britain Nor ts the 
government to blame, for ıt seems fully aware that British 
engineering should be more innovative and more flexible The 
real difficulty ıs that for industry survival must now depend on 
making saleable products for the first tıme, and British industry 
does not fully understand what skilled engineers could accomplish 

The Finniston report itself provided plenty of evidence to show 
that British engineers once at work have ahead of them a poor 
prospect for a career A few years after formal graduation, and 
once the two-year period required to become a chartered engineer 
1s completed, the salaries of those still working as engineers for 
British companies appear to level off While the statistics are 
notoriously untrustworthy — many who began as engimeers may 
quickly become salesmen or admunistrators — industrial 
companies appear to set little store by the work required of 
professional and experienced engineers But especially now, when 
the new technologies in microelectronics and telecommunications 
have thrown up almost an embarrassment of devices that might be 
manufactured and sold profitably, and when one of the most 
serious problems facing British companies and their competitors 
1s to decide which of these might be made cheaply and sold 
profitably, there 1s a greater than ever need of people with a 
proper engineering education who might help chart a reliable 
course for the future What this in turn implies is that British 
industry must look for a system of higher education ın engineering 
that will produce large numbers of qualified and creative people 
who will more often be employed in research and development 
than in the running of plants, production engineering or whatever 
and, if the engineering professors would reflect on that ideal state 
of affairs, they would surely recognize that then the status of 
engineers in Britain would truly be enhanced Contributing to the 
health of the economy would automatically win the respect that 
could not be acquired by a list of research papers an arm long It 
might then even be the case that engineering teachers, themselves 
transformed by industry’s expectations of engineering 
qualifications, would more eagerly take up the funds that the 
Science and Engineering Research Council 1s apparently eager to 
seize back But another research council, exclusively concerned 
with engineering research would be at best a red herring 


Economic research? 


Can Congress realize its adage that investment 
in basic research will aid economic growth? 


The US Congress 1s now wrestling with a problem common to 
all the industrial democracies how to get the most economic 
benefit out of the nation’s investment in research and 
development Because the US economy 1s so decentralized, 
Congress 1s attacking the problem with the only central 
mechanism under its control, the federal research budget worked 
out each year between the current Administration and Congress 
Last December the US Congress, on a sweeping 90 to 0 vote, 
decided that one way to do this was to set aside one per cent of 
federal research and development funds (excluding those going to 
in-house research) for small independently-owned companies 
employing 500 people or less These firms have traditionally 
brought forth many more innovations than the giant US 
corporations that gobble up most of the federal industry research 
and development budget and spend most of the private money 
spent on industrial research ın the United States 

The ‘‘set-aside’’ is meant to do two things first to establish a 
federal policy that enhances the role of small businesses ın 
research and development, second to generate more research 
results that can be turned into commercial activity on the open 
market The plan 1s modelled on a successful programme 
developed by the National Science Foundation that has enabled 
small firms to attract private capital, increase employment and, in 
a few cases, achieve great commercial success 

Other countries are also trying to address this problem Great 


Britain has two smallish programmes, one that sets up ‘‘teaching 
companies’’, or long-term collaborations between universities 
and industry, and the CASE programme that works at the student 
level, placing mdividual students ın companies ın such a fashion 
that their industrial research earns them credit towards their 
degree Although having some direct federal programes in 
priority areas, West Germany relies primarily on tax incentives to 
stimulate industrial research and development Small German 
firms tend to contract with larger ones for the basic research they 
need to do before a project reaches the commercial stage All are 
concerned with the same thing how to transfer knowledge out of 
the basic research sector and into the increasingly competitive 
national and international marketplace 

However, representatives of US universities have objected 
strongly to the bill, arguing that while the objectives are worthy, 
the mechanism of ‘‘set-asides’’ will shrink the share of the federal 
research budget that goes to the universities They would not care 
if Congress was in a Spending mood and simply authorized more 
funds for small research and development firms But everyone in 
Washington 1s tight-fisted these days The Administration could 
not have supported the legislation, as ıt does now, if ıt proposed to 
add more money to the budget The legislation proposes to take 
the money from the existing budget, and so spokesmen for the 
universities have been crying, ‘‘Why us?’’, although the Senate 
version, which the House will probably also pass, limits the 
“raid” on basic research funds to one per cent of the basic 
research funds of any agency The objections from university 
spokesman are loud and clear However, there have been fewer 
objections from the contractors and applied researchers who now 
get the remainder of the federal research and development 
budget, some of whose funds will be used to make up the balance 
of the new programme 

University scientists have reason to be concerned about 
protecting their share of the federal research and development pie 
from encroachments But the objections to this tiny set-aside — 
whichis likely to be $300 million in all, of which a small part would 
come from basic research — have been strident even at a time 
when the workers at General Motors accepted voluntary wage and 
benefit cuts to help bail out that ailing enterprise If the most 
entrenched workmen’s unions in the United States can make 
concessions to remedy the US economic troubles, cannot the 
better paid, supposedly more high-minded scientists? 

In objecting to the legislation, spokesmen for universities and 
for basic research have been anxious to preserve their own turf at 
the expense of everyone else’s Senator Warren Rudman, the 
prime mover behind the bill, ıs fond of quoting a prominent 
scientist at Massachusetts General Hospital stating he was not 
concerned about whether small businesses got more research and 
development, only about whether ‘‘one’’ of his investigators lost 
a grant because of it What 1s missing here is any perspective from 
the scientists that they are part of any larger effort Remember the 
old idea that the Umited States should invest ın basic research for 
the sake of economic growth, productivity and the creation of 
jobs? 

The new tills, therefore, put the US university science 
community squarely on the spot Thirty-seven years ago, 
Vannevar Bush and his colleagues persuaded the US government 
to sponsor basic research ın the universities, and required that ıt 
have special, protected status, 1ts own programmes and agencies, 
because, as Bush wrote, ‘‘Basic research leads to new knowledge 
It creates scientific capital It creates the fund from which the 
practical applications of knowledge must be drawn”? 

Small firms are also part of the ‘“‘fund’’ from which practical 
applications are drawn, both those which do basic research and 
those which do not If the university spokesmen are truly 
concerned about national productivity, creating new inventions, 
and econom.c health — as they have said they were ın selling their 
own budget requests to Congress in the past — they should 
support any measures that further that goal At least they should 
offer constructive alternatives But they do the image of science 
— and the US economy — no good by limiting their comment to 
paranoic fears that their particular sector will be hurt 
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National labs reach crossroads 


US report 
looks abroad 
for ideas 


Washington 

The Energy Research Advisory Board 
(ERAB) of the US government has issued 
its preliminary advice on a critical study of 
the fate of the Department of Energy’s 
(DoE) national laboratories This 1s a key 
study because the laboratories are also 
being looked at by the White House, which 
may not be favourably inclined towards 
them and will have much to say about their 
future 

At stake 1s the role of nine facilities (see 
below), some of which do the most 
intensive high technology research in the 
world — on atomic weapons, fusion and 
lasers — gobbling up $2,300 million, or 
half of DoE’s annual research and develop- 
ment budget each year Apart from their 
atomic weapons work, they are entirely the 
creatures of DoE Starkly put, the choice is 
whether thè laboratories should throw 
ther doors open to become national 
centres, performing research for other 
federal departments, private industry, 
perhaps even other countries, or whether, 
as budgets decline, they should concentrate 
on a few things they do well and 
consolidate, with some of them closing 
down 

The debate will be jomed ın the autumn 
when the ERAB panel makes a final report 
At that time, the White House Science 
Advisory Committee will be studying the 
fate of the DoE laboratories and those of 
the Department of Defense Mr George A 
Keyworth II, the President’s science 
adviser and an alumnus of Los Alamos, has 
said that he thinks some of the laboratories 
should close down Last December, the 
Administration proposed that all DoE 
research be moved to the Department of 
Commerce, a suggestion that no one in 
Washington now takes seriously And 
James Edwards, Secretary of DoE, 
surprised ERAB recently when he told 
them that, in his view, the laboratories 
should remain 1n existence and throw their 
doors open to become national technical 
centres So the discussion, once joined, will 
be lively 

The ERAB panel ıs headed by Ivan 
Bennett, dean and provost of New York 
University Medical Center DoE requested 
the study last September A preliminary 
report was sought this spring to feed into 
the White House’s review Although the 
group has not decided its own view of the 
laboratories’ fate, the preliminary report 
outlines the laboratories’ strengths and 
future options 


Some of the institutions, lke Los 
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Alamos, were founded as part of the 
weapons programme and retain important 
roles in weapons research Others, such as 
Ames Research Laboratory run by the 
University of Iowa for DoE, do basic 
research Oak Ridge has undergone a 
major transformation into a general 
applied research laboratory since its 
beginnings during the Manhattan project 

The appendix to the ERAB panel’s 
report deals with how major laboratories in 
other countries have adapted to changing 
times or to the stark fact of having fulfilled 
their mission The UK Atomic Energy 


National laboratories covered in the 

ERAB report 

Ames Laboratory 

Argonne National Laboratory 

Brookhaven National Laboratory 

Los Alamos National Laboratory 

Lawrence Berkeley Laboratory 

Lawrence Livermore National Laboratory 

Oak Ridge National Laboratory 

Pacific Northwest Laboratory 

Sandia Laboratories 


Authority’s laboratories at Harwell are 
discussed at some length Founded in 1946 
to assist ın developing civilian nuclear 
power, Harwell’s task was nearly complete 
by the mid-1960s Then, the report notes, 
Harwell kept the same disciplines but took 
on new clients outside the government’s 
agency The lesson of Harwell, ıt states, 1s 
that ‘‘once a large laboratory has been 
assembled, ıt can be useful to government 
in fields that extend far beyond tts original 


mission and that such organizations can 
indeed change their mission without loss of 
vitality ” 

Other examples from abroad are 
Amersham International, the UK 
government’s source of radioisotopes 
which has been spun off as a company, and 
France, where government laboratories 
commonly create companies to perform 
specific work for industry The report 
notes the Dutch pattern of numerous small 
laboratories, which are two-thirds govern- 
ment-sponsored and one-third sponsored 
by industry 

Sweden’s Studsvik Energiteknik AB, the 
government’s energy laboratory, had three 
years’ warning that its government funding 
would be cut by 70 percent The three years 
enabled the group to make a smooth trans- 
ition to becoming predominantly 
sponsored by outside interests 

The umplication for the US national 
laboratories 1s that they can adapt and so 
probably should 

The carefully worded list of options 
presented by ERAB includes 
“concentrating” the laboratories’ efforts 
through vigorous management by the 
DoE, freemg them of legal constraints so 
they can work for other sponsors, 
transferring other federal tasks to them, 
making them more multi-faceted or 
narrowing their mission ‘‘to correspond 
with resources allotted’’, closing one or 
more laboratories, or mergers The 
suggestions are intriguing, but to 
Implement any one of them will be a 
gargantuan task 

Deborah Shapley 


Disarray on chemicals control 


Brussels 

Fears are growing in environmental 
circles that the special programme on the 
control of potentially hazardous chemicals 
set up by the Paris-based Organization for 
Economic Cooperation and Development 
(OECD), 1s running into difficulties as a 
result of the Reagan Admunistration’s pro- 
industry and protectionist policies The 
downgrading of the US Environmental 
Protection Agency (EPA) has coincided 
with a loose implementation of the toxic 
substances control act (TOSCA) 
Jacqueline Warren of the Natural 
Resources Defence Council, a leading 
environmental pressure group, has cited 
EPA figures on the premarketing 
notifications for new chemicals submitted 
since April 1979 showing that 66 per cent of 
submitted notices failed to include toxicity 
data, thus undermining progress to 
establish procedures to reduce the risk of 
new chemicals 

Officials at OECD’s headquarters are 
cagey, in view of the United States’ 


negotiating weight, about admitting 
allegations that the enthusiasm evident 
under the Carter Administration for the 
OECD programme has waned A 


‘legislative gulf has certainly grown between 


the United States and the EEC, as a result 
of the way that TOSCA is being 
implemented and the changes within the 
EEC after the Sixth Amendment came into 
force last September This ıs likely to 
impair prospects for rapid agreement 
within OECD 

Under the Sixth Amendment of the 1967 
directive on dangerous substances 
companies must submit a stringent pre- 
marketing dossier on a new substance not 
only to national authorities but also to the 
European Commission and to the other 
member states Not surprisingly, EEC 
countries are now disappointed that 
disagreements within the OECD still loom 
large in two crucial areas which appear to 
have been resolved by the 6th Amendment 
In October this year a high level OECD 
meeting will be tackling the areas m 
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question — how to ensure satisfactory 


quality controls for the implementation of 


the ‘‘Good Laboratory Practices” scheme 
agreed on last year, and how the con- 
fidentiality of data 1s to be guaranteed 

The Good Laboratory Practices scheme 
represents a commonly applied definition 
of the standards and procedures to be used 
in laboratories testing new chemicals 
Unfortunately mistrust has clouded the 
agreement High stancards cost money and 
governments are not convinced that 
everyone is abiding by the rules as strictly as 
they ought to be, so the October meeting 
will examine proposals for methods to 
check that the practices are properly 
upheld 

This will be another small step towards 
the programme’s ultimate aim of 
guaranteeing that the marketing 
authorizations handed out nationally are 
acceptable elsewhere Only by using the 
Good Laboratory Practices scheme can a 
standard dossier of data on a new chemical 
substance, the minimum pre-marketing 
data, be accepted by other national 
authorities 

The scheme involves, though, a free flow 
of allegedly valuable commercial 
information, and this 1s causing worries in 
the chemical industry that such 
information will not remain confidential. 
The issue 1s complicated by the fact that 
there are large differences among OECD 
countries in the laws relating to freedom of 
information Environmentalists are 
equally worried that poor access to 
information on toxicity considered 
confidential by industry will violate the 
principle of public participation in the 
assessment of the hazards of chemicals to 
which the public are exposed 

The OECD’s agreement on exactly what 
information is relevant to hazard 
assessment has disappointed both the 
industrial and environmentalist lobbies 
The vanous OECD working groups have 
come up with a document which defines 
what data should not be considered 
confidential and which specifically 
excludes information such as spectroscopic 
data which might reveal the chemical 
identity of a substance before a 
manufacturer wishes ıt to be generally 
known A final agreement has yet to se 
reached in sensitive areas such as 
pharmaceuticals The United States is held 
to be particularly responsible for back- 
tracking on this question as the list of non- 
confidential data continues to be reduced 
If too much remains confidential, hazard 
assessment made by industry or 
government will be harder to question, 
especially if there 1s consistency on 
marketing authorizations 

So it seems there 1s still consideraple 
work to be done within OECD before 
guidelines are agreed on what hazards can 
be considered acceptable, and this may 
prove to be the biggest stumbling block to 
further mnternational cooperation in this 
field Jasper Becker 
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In 1976, new regulations came into force in the Soviet Union governing VAK, the 
“Higher Attestation Committee’’ responsible for conferring the degrees of Candidate 
(PhD) and Doctor (DSc/DLitt) The full text was not published at that tıme (a booklet was 
promised for ‘‘later’’) but the media placed considerable stress on the fact that the new 
regulations demanded scrutiny of the political attitude of the postulant for the degree 

It now appears that this requirement can work retroactively During the past year, at 
least seven Jewish scholars have been deprived of their degrees, for having exhibited 
‘‘anti-patriotic’”’ attitudes in applying to emigrate to Israel A document — which claims 
to be a transcript of such a deprivation process — has just reached Nature, and 1s 


reproduced here ina slightly abridged form 


Vera Rich 


From the stenographic transcript of the Scientific Council of the Faculty of 
Geology of Moscow State University, 20 January 1982. 


Chairman (Professor Adonis G Gayanoy) 
Members of the board already know the 
agenda for today’s session inter alia the 
stripping of Vladimir Grigor’’evich 
Melamed of his academic titles due to his 
anti-patriotic dealings, unworthy of a 
Soviet scientist 
Melamed 1s not present, he1s 11] On 18 
January, two days before this session, 
he notified me that he had a sickness 
certificate (reads Dr Melamed’s notification) 
I fee] ıt ıs particularly necessary to point 
out the problem of his absence for the 
following reason According to paragraph 
5 of the regulations of VAK on the conduct 
of sessions for the stripping of academic 
titles, the person from whom the title 1s to 
be stripped has to be present 
(After some discussion, — including 
pressure from the public gallery — it was 
decided to proceed in Melamed’s absence) 
AG Lyubimoy Allow me to read the 
material from the special committee of the 
board, set up to investigate the activities of 
V G Melamed, who expressed the desire to 
emigrate to the state of Israel 
Melamed has been working at Moscow 
State University for approximately thirty 
years Latterly he was in charge of one of 
the laboratories, and was dealing with 
pressure-modification of the permafrost 
process He distinguished himself by his 
energetic attitude and was therefore 
admitted to the Party In 1975, he received 
the degree of DSc, specializing in 
geophysics 
In November 1980, he submitted a 
request to emigrate to the state of Israel, 
which 1s known to be capitalistic and no 
friend of the Soviet Union In view of the 
increasing severity of the international 
situation and all that has been stated 
previously, we find that the decision of 
Melamed 1s an anti-patriotic act, unworthy 
of a Soviet scientist 
We are of the opinion that Article 104 of 
the VAK on the stripping of scientific titles 
can be applied to him Dated 18 December 
1981 Signed by all members of the 
committee 
Chairman Who wants to comment? 
Professor Epinat’’eva I have a question 
about Melamed’s scientific profile Would 
you please specify what he has achieved in 
the scientific field? 
Chairman Thisis not the question Weare 
concerned with something else, not 
science We are not going to discuss the 


scientific work of Melamed, so this 1s not 
relevant 
Professor Dmitriev Will the minutes of the 
decision of the committee be added to the 
documents that VAK receives from us? 
Chairman Yes 
Dmitriev Then I want to point out an 
error Melamed did not defend his doctoral 
thesis in 1976, as the committee says, but in 
1977 And it 1s an ill-chosen expression to 
say, ‘‘and all that has been previously 
stated’’ From this one might conclude that 
he should be deprived of his degree, not 
only because of his wish to emigrate from 
the Soviet Union but also because he 
worked for Moscow State University for 
thirty years 
Chairman Good, we shall correct this 
Any further comments? (Si/ence) Good I 
call on Arkadi Vasilevich Kalinin, member 
of the committee 
Kalinin Today our board has a rather 
difficult task, which 1s, however, 
completely justified by VAK regulations 
As you all know, Article 104 of the VAK 
regulations deals with the stripping of 
academic degrees due to conduct unworthy 
of a Soviet scientist This includes offences 
such as anti-patriotism This leaves our 
board one choice, to decide whether or not 
Melamed’s offence can be interpreted as 
anti-patriotic or not 

According to the law, emigration 1s 
permitted for the sake of reunification of 
families Melamed informed the 
departments which grant exit visas that this 
was his intention However, no law 
prohibits public organizations from 
judging Melamed’s activities 

Academic titles ın the Soviet Union are 
conferred not only on the grounds of 
scientific criteria We consider the func- 
tion of an academic title to be more 
important than ın the capitalist world It 
confers not only the right toa function, but 
asalary If Melamed remained a doctor, he 
would continue to do things to which he no 
longer has a right His titles should be 
taken away from him 
Professor Nikitin J should like to add 
something ın order to show two aspects of 
the anti-patriotism of Melamed First, he 
was a Party member for a number of years 
and also a propagandist When submitting 
his papers applying for an exit visa, he 
turned his back on all his early ideas 
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Second, he is a qualified specialist, a 


absentia Today a matter is being 


scientist Now heis leaving ın order towork discussed thatis of vital importance to him 


on behalf of Israel: science, to work for our 
opponents, our enemies And this 1s even 
more than anti-patriotism 
Chairman Thank you Does anyone else 
wish to speak? The case is probably 
completely clear and we can begin voting 
J V Medvedkov Permit me to say 
something, not everything has been said | 
am especially qualified to speak Before I 
became involved ın soil-sciences, I studied 
law 

It 1s, aS you know, not only a moral 
judgement or the opinion of colleagues if 
Melamed 1s stripped of his academic titles 

they give a right to a scientific 

function, a salary, the possibility of 
scientific work appropriate to his academic 
level, admission to libraries etc 

A case like this 1s treated completely 
unambiguously by a special juridical act I 
mean the Final Act of the Helsinki Accords 
of 1975 I should like to quote from 
Izvestiya, 2 August 1975 


The submission of an application for 
reunification of family shall not lead to 
changes ın the rights and duties of the 
person who made the request or of 
members of his family 


Hence it 1s inadmissible that the board 
should seek to limit Melamed’s rights 
because of his wish for reunion with 
members of his family ın Israel 

I have not heard any proof that 
Melamed’s conduct constitutes an anti- 
patriotic offence 

It 1s no accident that in such a com- 
plete work of reference as the Soviet 
Encyclopaedic Dictionary (Moscow, 1979) 
the term ‘‘anti-patriotic’’ does not occur 
One can use an expression which comes 
close to it, namely ‘‘anti-Sovietism’’ 
This term does occur in the Soviet 
Encyclopaedic Dictionary On pages 63-64 
it says that anti-Sovietism ts an attempt to 
defame and misrepresent everything that 
the Soviet Union has achieved in economic, 
political and cultural fields 

When it is stated that Melamed’s 
conduct 1s anti-patriotic, then he ıs 
apparently also accused of anti-Sovietism 

By whom and where has ıt been proved 
that Melamed has done anything to 
misrepresent and run down those things 
which the Soviet Union has achieved? 

His application to emigrate was 
submitted without any publicity Itisanact 
which falls within existing laws and 
standards He did not give public 
announcements and did not publish books 
which misrepresent and run down all that 
the Soviet Union has achieved 

I fear that in fact, the Soviet Union will 
be harmed by those people who have 
applied to the board with the demand that 
Melamed be punished 
Chairman Any further comments? 
Mrs F Melamed My husband 1s ıll at the 
moment and I do not understand how ıt 1s 
possible for his case to be considered in 
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His entire 30 years career ın the service of 
Soviet science has been put in doubt Can 
one cal] such a career unpatriotic? 
Why do members of the board disregard 
the signature of the Soviet Union below the 
Helsinki Final Act? 

Professor Epinat’’eva It 1s one thing if a 
worker at a normal research institute or 
even the Academy of Sciences expresses the 
wish to emigrate, but it 1s totally different 
for people working at the university to do 
so The latter are dealing with young 
people, aren’t they? The act that Melamed 
performed distorts the world view of our 
youth 

S A Kats This concerns the shattering of 
an entire human hfe And you limit 
yourself to two short sentences If the 
matter had been dealt with by the court, the 
procedure would have been very different 


Professor Kalinin I am against the fact 
that ‘‘anti-patriotism’’ and ‘‘anti- 
Sovietism’’ are equated When Herzen left 
Russia, 1t was an act that we call ‘‘anti- 
Tsarism’’ and not ‘‘anti-patriotism”’ 

It was the last straw to say that Melamed 
would be anti-Soviet But can we call his 
action complimentary to the fatherland? 
He did not want to leave Moscow State 
University in order to make life easier for 
us So we donot have to make life easier for 
him I do not think that we are in 
violation of the Helsinki Accords 
G O Marshuhuk 1 myself disapprove of 
Melamed’s action, and I told him so But 
disapproving is one thing and accusing him 
of anti-patriotism, and punishing him 
severely by denying him the right to 
scientific work is something totally 
different 
I S Irlin There 1s no doubt that Melamed 
behaved within the framework of the law 

During the past six to seven years, 
some thirty thousand people left the Soviet 
Union to be reunited with their families 
Among them there were quite a number 
with doctoral or candidate’s degrees But 
personally I do not know of any case where 
one was deprived of his scientific degree In 
my opinion the board wants to create a 
precedent 
Professor V V Karus According to 
Article 104 of the VAK regulations, one 
needs three qualities to hold a scientific 
title qualification, patriotism and regard 
for ethical standards Patriotism is love 
for the fatherland which raised us But 
Melamed decided to leave the fatherland at 
a time of severe international tension and 
for a country that propagates a malicious 
hostility against the Soviet Union The 
right to work will not be taken from him, 
but why should he get an extra salary for 
working in a scientific field? 

Chairman I request you to vote for 
the stripping of Melamed’s degree of 
Candidate of Physico-Mathematical 
Sciences For the motion? Carried 
unanimously I hereby declare the meeting 
closed E 


Agricultural biotechnology 


| Soon to start 


Springtime has not induced germination 
of the British Technology Group’s (BTG) 
plans for an agricultural genetics company 
but it 1s still expected to bloom this year 
One snag at present seems to be the degree 
of scepticism among those of the calibre to 
be potential scientific directors about the 
ability of any such company to be 
profitable within five years, as BTG would 
want 

Although BTG considers the topic too 
sensitive to discuss, by all other accounts 
the plan is that the new company should 
have the same kind of special relationship 
with the UK Agricultural Research Council 
(ARC) as does Celltech with the Medical 
Research Council (MRC) Celltech was 
also set up by BTG (or, more precisely by 
the National Enterprise Board which has 
since fused with the National Research 
Development Corporation to form BTG) 
and operates in the field of biotechnology 
Its relationship with MRC allows Celltech 
first refusal on any discoveries within the 
realms of recombinant DNA and cell 
hybridization that emerge from the various 
units of MRC In return Celltech channels 
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money back into MRC and has an 
obligation to help the council find other 
commercial outlets for discoveries in which 
it has no interest 

ARC and many of its employers who 
work on subjects that will be of interest to 
the new company (some of whom are 
already consultants to BTG) tend to be 
enthusiastic about the prospect for several 
reasons 

The first is the possibility of an easy and 
financially benefical way for ARC to 
channel its discoveries of commercial 
potential in the domain of plant breeding 
At present ıt has no such outlet New 
strains of plants developed by conventional 
techniques within ARC unstitutes have to 
be given to the National Seed Development 
Organisation which, although a profitable 
concern, donates its profits to the Treasury 
rather than directly to ARC 

For discoveries in gene cloning and 
transfer, that have some potential for being 
used in the genetic improvement of plant 
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strains, ARC has no ready outlet but 
individuals have sometimes had to contend 
with the rather persistent advances of some 
of the several American companies that 
have been set up in advance of any British 
counterpart A special relationship with a 
company, preferably British, would 
therefore suit ARC well 

For its part, BTG 1s believed to have 
board approval for starting the company 
and to have a managing directorin mind It 
has not however, yet found a scientific 
director and has met with some refusals 
already 

One problem facing any potential 
scientific director is the need to ensure that 
the company ıs profitable within five years 
That was also the BTG stipulation for 
Celltech but the problem ıs greater ın plant 
breeding because the genetic manipulation 
of plants by modern techniques 1s far less 
advanced than 1s that of bacteria, which 
Celltech use to make products of 
commercial value, such as rennin 

Nevertheless the optimists believe that 
profits could be made within five years by 
concentrating initial efforts on the 
improvement of bacterial strains, 
particularly the nuitrogen-fixing 
Rhizobum, which are used to inoculate 
crop plants and on the development of 
techniques of clonal and meristem 
propagation 

Finance for the new company 1s being 
arranged by BTG whichis almost certain to 
provide at least one third of the money 
from ıts own, governmental coffers The 
rest will be raised from private sources 

Peter Newmark 


University admissions 


Still squeezed 


Applications from home and European 
Community students for undergraduate 
courses at British universities are likely to 
be six per cent up this year on last, 
according to figures released by the Univer- 
sities Central Council on Admussions 
(UCCA) (see table) But admissions to 
courses starting ın October 1982 are 
expected to be down on admissions in 
October 1981 

This is no surprise The government has 
implemented its policy of limiting 
university places just when the number of 
18 year olds in Britain is increasing Hence, 
the previous policy of gearing university 
places to demand has been abandoned The 
Department of Education and Science, in 
recent evidence to the House of Commons 
Public Accounts Committee, has thrown 


hight on how this policy may affect 
potential students The table below shows 
the department’s estimate of the numbers 
of potential students that may be deprived 
of a university place ın the academic years 
1981-82 to 1983-84 

Understandably, universities hope to 
make up the fees lost from home students 
by taking in more students from overseas 
But their aim has been made more difficult 
since the government removed the subsidy 
from overseas student fees The figures 
clearly show that full economic fees have 
deterred a high percentage of potential 
overseas applicants 

The number of overseas admissions, 
however, 1s not necessarily a constant pro- 
portion of applications UCCA statistics 
suggest that the shortfall in acceptances of 
places from overseas students ın October 
1981 over October 1980 was only 19 per 
cent, compared with the 345 per cent 
shortfall ın applications But statistics 
compiled by the University Grants 


Annual percentage change in applications for 
undergraduate courses at UK universities 


1980 over 1981] over 1982 over 
1979 1980 1981 
Home students +35 +4 + 6* 
Overseas students ~12 -34 5 ~20* 


*Esumates 


Committee (UGC) suggested an even 
smaller shortfall ın overseas admissions 
only two per cent in 1981 over 1980 This 
apparent discrepancy seems to be 
explained by the fact that UGC includes 
admissions for more non-degree under- 
graduate courses than does UCCA So it 
seems that overseas students are now 
opting for shorter, less costly courses 

Last week, the House of Commons 
Public Accounts Committee published the 
report of its findings on the administration 
of university grants The committee 
seemed pleased with the move by the 
education department to reduce the 
amount of university income not subject to 
cash limits by transferring the grant paid to 
home students for their fees directly into 
the universities’ purse The universities are 
praised for keeping their student intake on 
target last October (a 4 per cent shortfall 
over the previous year) — but the poly- 
technics, and other institutions of higher 
education, come in for a drubbing for in- 
creasing their intake by 18 2 per cent over 
the previous year The commuittee’s report 
urges that the body now being set up to con- 
trol higher education outside the university 
sector be developed quickly with full co- 
operation of UGC and laments the fact 
that steps to coordinate all aspects of 


No. of home students, aged under 21, entering university (thousands) 


1980-81 * 
UGC targets 67 3 
Target to maintain 1980-81 age 
participation ratet 67 3 


* Actual intake 


1981-82 1982-83 1983-84 
65 2 63 | 60 9 
68 5 70 4 69 5 


+ Age participation rate ıs the percentage of 18-21 year olds ın the population entering university, which 


was 7 5% in 1980-8] 
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higher education had not been taken before 
the cuts to the universities 
The parliamentary committee also 
seemed satisfied by assurances that the 
universities are taking care not to offer new 
tenured appointments with no redundancy 
clause The Committee of Vice- 
Chancellors and Principals has been 
looking at more flexible forms of contract 
Judy Redfearn 


US research support 


Question of size 


Washington 

In coming weeks, the US Congress will 
probably pass legislation that would give a 
major shot in the arm to small research and 
development firms in the United States, 
many of which suffer in the present 
economic climate, yet which are major 
sources of new technical inventions The 
legislation 1s not final, however, and 1s 
subject to considerable opposition voiced 
by spokesmen for the universities and 
government-sponsored basic research 

The National Science Foundation (NSF) 
estimates that there are 13,000 small firms 
in the nation, defined as independently 
owned firms with 500 or fewer employees 
and performing research and development 
work Although numerous, accounting for 
85 per cent of firms involved ın such work, 
these small companies ın fact spend only 
4 per cent of all industry research and 
development dollars In contrast, giants 
such as McDonnell Douglas and IBM 
spend 87 per cent of US industry’s 
investment research 

Yet there is ample evidence that most 
innovations come from small firms One 
1976 study showed that small firms 
produce 24 times as many innovations per 
research and development dollar as large 
ones, even though the small firms receive 
only 2 per cent of total federal support for 
industrial research 

Small business found a champion last 
year m Warren Rudman a freshman 
republican senator from New Hampshire 
Rudman introduced a bill that would set 
aside one per cent of all federal research 
and development funds — which total 
some $40,000 million — for small firms 
They would compete for the money by 
applying to separate federal agencies for 
prants, awarded on a peer review basis, as 
seed money If the work was fruitful, some 
firms would qualify for follow-on funding 
In a third phase, the money would have to 
come from the private sector, or from other 
government sources if the government was 
interested in the company’s work 

The plan was modelled on the Small 
Business Innovation Research Program 
run by NSF, and a newer, simular 
programme run by the Department of 
Defense The NSF programme gave some 
$5 milhon in seed money to 42 small firms 
in 1977 By 1981, the 11 of them that 
qualified for follow-on funding had 
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succeeded in raising $414 milhon in 
outside capital and equity Moreover, the 
programme apparently created jobs The 
11 firms had employed 261 people in 1977, 
by 1982 they employed 616 people The 
most spectacular growth was ın a genetic 
engineering firm, Collaborative Research 
of Lexington, Massachusetts, which 
received $25,000 in seed money 1n 1977 and 
by 1982 had raised $249 milion from 
outside sources 

The Rudman bill made a spectacular 
passage through the Senate in December 
Of the Senate’s 100 members, 85 were co- 
sponsors of the bill, and ıt passed by a vote 
of 90to0 One modification exempted the 
$10,000 million in-house federal research 
and developement from the calculation A 
second modification was an amendment 
introduced by Senator Harrison Schmitt 
limiting the amount of funds to be set aside 
that could be taken from federal basic 
research budgets This amendment was an 
attempt to placate spokesmen for the basic 
research community and univerisities who 
attacked the bill as a raid on basic research 
funds They argued that development work 
in most federal agencies has powerful 
protectors, whereas basic research does 
not In the Department of Defense, for 
example, the contractors and armed 
services buying the MX missile, or Trident 
submarine, would keep their research and 
development funds from the amount set 
aside, so that the basic research funded by 
the Department of Defense would be 
unduly tithed 

One fear being raised by university 
spokesmen 1s that the small firms’ share of 
the federal research and development pie 
will grow, at the universities’ expense The 
proposed one per cent sounds modest 
enough, but any amount would take some 
funds away from federal basic research ata 
time when such money ıs becoming scarce 

Some university spokesmen argue that 
small firms do not do basic research of high 
enough quality to qualify for federal funds, 
and that a set-side programme will allow 
them to adhere to this lower standard 
They argue that such firms should compete 
with universities and other traditional 
research groups Several federal agencies 
prohibit for-profit firms from applying for 
research grants, although the National 
Institutes of Health has now lowered this 
barrier 

In the coming weeks the House will have 
to decide which version of the legislation ıt 
will pass The variant most palatable to 
university spokesmen 1s that proposed by 
Don Fuqua, chairman of the House 
Science and Technology Committee This 
would leave oversight of the programme to 
the authorizing committees of Congress 
for each of the federal agencies involved, 
thus allowing them to devise individual set- 
aside programmes or exempt the agencies 
under their jurisdiction 

The version most likely to pass, 
however, 1s a bill put forward by John J 
LaFalce, which 1s modelled on the original 
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Rudman bill but 1s even friendlier to small 
business The LaFalce version would make 
the money set aside not one, but three per 
cent of all federal research and 
development, and does not exempt federal 
in-house research from the calculation 
The LaFalce version would make $1,200 
million available to the small firms in the 
first year — contrasting with the more 
cautious Rudman bill, which phases in the 
programme, reaching the $300 million level 
in the third year But im view of the 
opposition to the set-asides that has 
surfaced elsewhere ın the House, ıt seems 
likely that the LaFalce forces would be 
satisfied with a final version limiting the 
set-aside to one per cent, having a three- 
year phase ın period, and a feature limiting 
the “rad” on basic research 

Deborah Shapley 


Polish Academy of Sciences 


Slow progress 


Poland’s new legislation on the 
Academy of Sciences will ensure parity of 
funding for the institutes of the academy 
and the research institutes of the 
production ministries, according to 
Warsaw radio A main concern of Polish 
scientists has been the lack of separate 
budgets for the various institutes funded 
on the principle of dividing research into 
**problems’’ funded nationally The new 
bill, which 1s under discussion by the 
Council of Ministers (Cabinet), thus seeks 
to redress one of the major grievances of 
the academy scientists expressed at last 
September’s National Congress of 
Solidarity ın Gdansk It therefore forms 
part of a current tacit policy on the part of 
the ruling Military Council for National 
Salvation (WRON) to grant various 
“social? demands from the Solidarity 
programme while keeping open the 
question of the future of the independent 
trade union movement 

Much, however, remains uncertain, and 
nothing has been announced so far about 
one of the most contentious issues — the 
status of the Secretary of the academy At 
present, the incumbent of this post holds 
quasi-ministerial rank, and 1s responsible 
in the first instance to the prime munister, 
not to his fellow academicians Dunng 
‘‘renewal’’, as part of the nationwide drive 
towards ‘‘self-governance’’, there were 
strenuous moves (headed by the academy 
lobby within Solidarity) to change this 
anomalous state of affairs and ensure 
greater autonomy for the academy, thus 
ending the long-standing friction between 
the members and scientific employees of 
the academy on the one hand, and the 
academy bureaucrats on the other 

There has also been no news since the 
military council took power of many other 
proposed reforms, despite their apparent 
innocuousness For example, it was 
proposed that the academy should decide, 
on purely academic grounds, whether or 





Call from arms 


Washington 

At its annual meeting in Washington 
the National Academy of Sciences 
(NAS) made one of its rare ventures into 
public policy pronouncements The 
assembled members adopted a 
resolution calling on the President and 
Congress and their counterparts ın the 
Soviet Union ‘‘to mtensify efforts to 
achieve an equitable and verifiable 
agreement’’ limiting strategic arms, and 
to ‘‘reduce significantly the number of 
nuclear weapons and delivery systems” 
The resolution further urged them to 
reduce the risk of accidental war, to 
inhibit proliferation of nuclear 
weapons, and to ‘‘continue and 


observe’’ all arms control agreements 


including Salt H, signed by the United 
States and the Soviet Union ın 1979 but 
not ratified by Senate Finally NAS 
urges the avoidance of ‘‘mulitary 
doctrines that treat nuclear explosives 
as ordinary weapons of war” 

The NAS resolution makes no 
mention of the ‘‘nuclear freeze” urged 
by other groups around the country It 
was passed almost unanimously, witha 
few abstentions and one dissenting 
vote Proposer for the resolution was 
Marvin Goldberger, president of 
California Institute of Technology and 
chairman of the academy’s Committee 
on International Security and Arms 
Control The resolution was sent to the 
President via his science adviser, 
George A Keyworth Il 

Deborah Shapley 





att 
not 1ts members should be able to travel? 


abroad At present, non-scientific criteria“. 


still play a majorroleinsuchdecisions The 
emergency regulations on foreign travel for 
scientists stress that the would-be traveller 
must be given a thorough political vetting 

Not surprisingly, this can pose problems 
for academy scientists A case 1n point 1s 
that of Artur Swiergiel, a young phy- 
siologist who, since last October, has been 
researching at the Babraham Institute of 
Animal Physiology in Cambridge 

Mr Swiergiel had a six-month scholar- 
ship under an agreement between the 
British Council and the Polish Academy of 
Sciences Last November, realizing that he 
would need extra time for his experiments, 
Mr Swiergiel applied for an extension On 
31 March, he received a telegram from 
Professor Maciey Zurkowsk1, director of 
the academy’s Institute of Animal 
Breeding and Genetics, confirming the 
extension Three weeks later, a second 
telegram arrived, stating that Professor 
Zurkowski had been informed by ‘‘the 
academy’’ that the extension had been 
refused No explanation was given — but 
Mr Swiergiel had formerly served on the 
Warsaw regional executive of Solidarity 

Vera Rich 
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Muscular dystrophy research 


Positive move 


Not content with the paradoxical 
increase in public donations to charities in 
times of recession, the Muscular 
Dystrophy Group of Great Britain (MDG) 
1S aiming to raise an additional income of 
£1 5 million from industry over the next 
four years And to coordinate the use of 
this money, earmarked for supporting 
clinical trials and work on the X-chromo- 
some with that of their regular income, 
MDG have created the full-time post of 
research development director and filled it 
with an eminent scientist 

At the age of 59, Professor Arthur J 
Buller takes on the new job In his career 
Professor Buller has moved across the 
spectrum of bodies supporting UK medical 
research, serving as a member of the 
Medical Research Council (MRC) from 
1975 to 1981, becoming dean of the Faculty 
of Medicine at Bristol University ın 1976 
and moving to the government’s 
Department of Health and Social Security 
as Chief Scientist in 1978 Now he feels less 
optimistic about public sector support for 
research and views the drain on university 
funds and the cutback ın government 
support for research as a serious threat to 
the dual support system Medical charities 
can, he feels, ameliorate this situation 

MDG works on an annual budget of 
£1 5-2 million raised through 450 
voluntary bodies (the Muscular Dystrophy 
Association of the United States has a 
budget in the region of $16 million) In 
1981 a total of £1,321,719 was made avail- 





The French Commissariat a l’Energie 
Atomique (CEA) 1s to be reorganized, 
little more than a decade after the reforms 
of Andre Giraud set the CEA on its feet 
again 

In Giraud’s time, the problem was that 
the CEA had lost a major battle over the 
choice of power reactor for a French 
nuclear programme CEA wanted the 
Indigenous French gas-cooled system, 
whereas Electricité de France backed the 
American pressurized water reactor 
(PWR) Electricite de France won, and 
the broken CEA had to be given new con- 
fidence Giraud achieved that, and also 
helped set up France’s nuclear industry, 
now so successful, behind the PWR 

Why the need to reform again? In part, 
CEA has outgrown the Giraud structure 
It now controls many subsidiary 
companies whose management needs to 
be rationalized But, more importantly, 
the new broom of the socialist govern- 
ment is to sweep clean The catchwords 
are decentralization and regionalism 
“Some reform of the CEA would have 
had to take place anyway” a CEA 
spokesman said last week ‘‘but it’s going 
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able for research — 45 specific projects 
have been approved for the academic year 
which began 1n October 1981 The biggest 
handout will go to the group’s own 
research laboratory in Newcastle 
(£189,254) Two London hospitals will 
receive over £100,000 for work investi- 
gating tissue culture in dystrophic muscle 
and in the development and differentiation 
of single muscle cells 

The additional money gathered by the 
fund-raising committee will be diverted to 
what the group describes as ‘‘significant 
new research developments” It 1s hoped 
that £1 million will go to work on the 
X-chromosome The techniques of recom- 
binant DNA and gene cloning are already 
being applied to the X and other chromo- 
somes with the dual aims of developing 
reliable methods of prenatal] diagnosis and 
discovering the underlying genetic defect 
of several incurable diseases Such work 1s 
already funded by the MRC and the Cystic 
Fibrosis Trust but MDG want to make 
certain that efforts are specifically directed 
to Duchenne muscular dystrophy, a disease 
linked to an unknown defect of the 
X-chromosome 

The other £0 5 million that MDG hope 
to raise from industry will be spent on 
clinical trials The assessment of these 1s 
likely to be helped by the availability in a 
London hospital of a £200,000 nuclear 
magnetic resonance machine This was 
purchased with the assistance of MDG and 
will enable muscle metabolism to be 
studied without taking tissue samples 

MDG 1s a working example of how 
medical charities can give invaluable 
support to research when public sources 





to go further with the new government 
than ıt would have done with Giscard 
d'Estaing” 

M Michel Pecqueur, CEA’s admini- 
strator-general, 1s to announce details of 
the reforms this week, with the hope — if 
the trade unions agree — that the budget 
for next year should be determined under 
the new structure That means things 
must move fast, for the budget process 
begins in June 

One key issue will be the role of the 
seven délégués, who control the key 
sectors of CEA (nuclear applications, re- 
processing, research andsoon) Somesay 
that these Paris-based posts carry too 
much power, and there must be some 
devolution to the units that the délégués 
control — among them the fundamental 
research laboratories at Fontenay-aux- 
Roses However, one of the délégues last 
week expected their roles to remain much 
the same after the reform The names of 
the posts might be changed, but the duties 
would not Indeed, it 1s claimed that the 
reforms will not be revolutionary No 
doubt that 1s CEA’s intention 
Robert Walgate 
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are running dry It may also prove that 
charity can keep new research initiatives at 
home — additional funds help stem the 
brain drain Jane Wynn 


Ecology in the Sinai 


Time of change 


The final hand-over of the Sinar last 
week brought to an end an era of strict 
conservation and ecological surveying. 
Although there had been proposals, at the 
time of the Camp David talks, that the 
Sinai should become an ‘‘International 
Ecological Park for Peace’’, these have 
failed to materialize Moreover, according 
to Israeli ecologists, Egyptian plans to 
develop the Sinai could lead to the 
repetition of Israeli ecological mistakes 
committed with the best intentions by the 
early settlers 

Under the Israelis, three major 
ecological centres had been established a 
bird migration monitoring station at El 
Ansh on the Mediterranean, a field studies 
school near the Santa Caterina Monastery, 
and the Ras Muhammed underwater ob- 
servatory None of these 1s still in 
operation, although a special agreement 
was signed ensuring the continuation of the 
Santa Caterina school The unique coral 
habitat at Rad Muhammed has been 
virtually destroyed by soldiers fishing with 
hand-grenades 

Under Israeli control, ecological 
protection in the Sinai reached an almost 
ludicrous level, with tourists forbidden to 
pick up seaweed or coral from the beach for 
fear they might then drop ıt in the desert 
and upset the ecological balance 

The Egyptians have ambitions plans for 
developing the Sinai, but Israeli ecologists 
know all too well the ecological hazards of 
the pioneering spirit — citing drainage of 
the Huleh swamps in North Galilee, and 
Ben Gurion’s plans for intensive 
development of the Negev 

Whether or not in cooperation with 
Israel, the Egyptians are matching Israeli 
developments They are particularly in- 
terested ın developing solar ponds as energy 
sources, and Israel: plans to replenish the 
Dead Sea from the Mediterranean One 
Egyptian plan envisages an artificial “Dead 
Sea” in the Quattana depression, south- 
west of El Alamein As this hes below sea 
level, the canal bringing in Mediterranean 
water could be used to generate power, while 
the resulting salt lake could, as ın Israel, be 
concentrated by evaporation to form the 
basis of a chemical industry 

The emotional and political overtones of 
the return of the Sinai to Egypt make it 
unlikely that the Egyptians would seek 
Israel advice on how best to develop the 
area However, the Israel: ecologists, who 
have worked long hours during the past few 
months to make their Sinai studies as 
complete as possible, express themselves 
willing, to make their data available to the 
Egyptians. Vera Rich 
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MRC research unit 


Job vacancy 


The immediate future of the British 
Medical Research Council’s (MRC) 
Pneumoconiosis Unit im South Wales 
seems assured, although life there remains 
unsettled Early last year, the unit had been 
the subject of a regular review by the MRC 
which had recommended staff cuts and 
greater emphasis on research supported by 
industrial contracts The fears of staff that 
the MRC was preparing to wind down the 
unit for final closure in 1987 when the 
director was due to retire, were heightened 
when the director, Dr Peter Elmes, left his 
post last January Those fears were 
allayed, however, when the MRC 
announced that ıt would appoint a new 
director — advertisements will be placed 
shortly In the meantime a four-person 
committee 1s in charge of the unit’s daily 
administration 

Dr Elmes’s departure, however, 
highhghts a problem for a handful of MRC 
units whose work 1s largely vocational 
Those units must win some of their money 
from contracts placed by the Health and 
Safety Executive, to whom the MRC still 
hands over some of its budget under the 
Rothschild customer/contractor principle 
Frustrations can arise when the contracts 
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industry has increased Dr Elmes, 
however, was not happy about the 
changes He mentions delays to research 
work caused by lengthy negotiations with 
industrial customers, both at the outset ofa 
piece of research and during its progress, 
and industry’s reluctance to publish results 
quickly 

An illustration of some of the difficulties 
is provided by the case of kaolin workers in 
Cornwall The MRC, according to Dr 
Elmes, had been unwilling to support 
studies into the causes of an excess of lung 
disease ın the workers on the grounds that 
they did not constitute fundamental 
research Industry and the Health and 
Safety Executive, which did come up with 
the money, awarded funds piecemeal for 
individual studies as the project 
progressed, thereby causing delay 
Publication of the final results, which 
apparently suggest a link between kaolin 
exposure and lung disease has been delayed 
because of industry’s desire to reduce the 
risk before ıt ıs widely known 

The MRC believes that many of these 
problems can be avoided if the terms under 
which research 1s conducted are made clear 
to industry at the outset Hence, the 
council would like the Pneumoconiosis 
Unit to contimue its efforts to wim more 
industrial contracts But the precise 
balance between applied and fundamental 
research, it says, remains to be seen One 
important factor in determining the unit’s 
structure will be the views of the new 
director Judy Redfearn 


US science education 


schools, while it spends around $6,000 
million a year playing video games 

Keyworth absolved the federal 
government of any role in solving the 
problem, except to produce graduate 
students ın science ‘‘The alarm being 
raised about reductions ın federal support 
for science education 1s misplaced We 
ought to be alarmed that those 
organizations and people spending the 
really big amounts of money seem to assign 
low priority to science education 

“Qur most important job is to work 
together to convince our local 
communities, school boards and 
universities that science is as basic as 
history, that students who must study 
English in the twelfth grade must also study 
maths But the federal government cannot 
and will not make thıs happen We parents, 
teachers and citizens must take up this 
challenge directly ”’ 

Rebutting this argument 1s F James 
Rutherford, who designed some of the high 
school science programme set up as a 
response to the Soviet Union’s Sputnik, 
and who testified a week after Keyworth’s 
speech to the opposite effect. He said that 
US elementary and secondary education 1s 
so decentralized and so locally controlled 
that no one 1s spending ‘‘really big amounts 
of money” There 1s no central focus for 
change or curriculum development except 
at the federal level, said Rutherford, who 1$ 
now chief education officer of the 
American Association for the 
Advancement of Science 

Keyworth had argued that the post- 
Sputnik science education effort simply did 
not take root and that geography and 


demography worked againstit Rutherford , 
says the decline was a direct result of earlier |; 
cuts in the NSF programme for science’ 
education (which once consumed half ofe 
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are for routine toxicological studies which 
divert staff from fundamental research for 
which the units are primarily intended 

The MRC has used the problem to argue 
for an adequate budget to maintain funda- 
mental research But it has also urged the 
units to win more contracts from industry 
as well as the Health and Safety Executive 
to help it out of its fiscal difficulties The 
more general problem, of course, 1s that 
routine toxicological studies on 
occupational hazards must be done and 
there are few suitable independent 
laboratories outside the MRC 

The MRC’s plans for the Pneumo- 
comosis Unit have begun to take shape 
over the past two or three years Hence 
there has been a shift ın emphais from 
clinical to mm vitro research and the unit’s 
staff has been reduced Since the MRC’s 
review early last year, the unit has received 
regular visits from a committee to advise on 
its work and research commissioned by 
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President’s science adviser, termed the 
“next few years’’ as ‘“‘critical in science 
education in the United States’’ But he has 
extinguished any hopes that the 
Administration will do anything about it 
until the next presidential term 

In a speech to the National Science 
Teachers Association (a group whose 
ability to carry out its job has been 
impaired by Administration cuts of all 
funds for pre-college science programmes 
run by the National Science Foundation 
(NSF)), Keyworth repeated the 
unfortunate truths many US leaders have 
learned of late about how poorly, and how 
little, science and mathematics are taught 
in US schools 

For example, these subjects consume 
only seven per cent of elementary school 
teaching tıme, and even less time at the 
secondary level The ability of students ın 
science and mathematics has deteriorated 
steadily, and most people leaving school 
and going into non-technical professions 
have httle idea of what science and 
technology are about The public, he 
noted, spends $100,000 millon annually to 
run US public elementary and secondary 


NSF’s entire budget) The Reagan 
Administration, for two years, has run 
down the remaining $80 million of that 
money so that only $15 million will be left 
in 1983 and this ıs allocated to graduate 
student fellowships 

Rutherford notes that the timing of the 
Admunistration’s initiatives precludes 
anything further happening during 
Reagan’s current term as president The 
Secretary of Education, Terrel H Bell, has 
established a National Commission on 
Excellence in Education, due to report in 
October 1983, when the government’s 1984 
budget will be virtually complete John 
Slaughter, director of NSF, has said that 
his most important task as NSF director 
will be to set up another commission, on 
pre-college education ın maths, science and 
technology, to report in late 1983 Thus 
these studies would have no impact, 
Rutherford notes, before the 1985 budget 
at the earliest, after the next election 

So while Keyworth calls the problem 
critical, he does not propose to do anything 
about it, except to have the teachers lobby 
their communities, and weep 

Deborah Shapley 
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Sequence libraries 


Sin — Thank you for your article “Europe 
leads on sequences’’ (Nature 15 April, p 596) 
on our efforts to establish a nucleotide 
sequence library I welcome the attention given 
to the problems of data collection — a general 
discussion of these matters 1s both timely and 
important 

I do feel, however, that a few poits require 
clarification Furst, credit for the library at the 
European Molecular Biology Laboratory must 
also be given Kurt Stueber (of the Genetics 
Institute, Cologne), from whose collection we 
started, and who continues to work closely 
with us Similarly, any discussion of nucleic 
acid sequence data collections in Europe must 
mention Professor Richard Grantham’s group 
at Centre d’Evolution Moleculaire (Lyon), 
who have run a large data bank for many years 

Although a central data library has yet to be 
established in the United States (later 
this year according to NIH), several groups 
there have maintained large and excellent data 
bases for some time The largest of these are 
the collections of Dr Walter Goad and his 
group at Los Alamos Scientific Laboratory, 
and Dr Margaret Dayhoff and her group at 
the National Biomedical Research Foundation 
(Georgetown) 

This is not a case of ‘‘too many data 
banks’’ The different approaches taken have 
each generated their share of good ideas, and 
if the present cooperative atmosphere can be 
maintained, a really excellent international 
resource combining the best ideas can result 

Greco HAMM 
European Molecular Biology Laboratory, 
Heidelberg, FRG 


*“Useless’’ research? 


Sir — Nature's leading articles show a 
persistent concern for the well-being of British 
umiversities, lately concentrating on research 
support and on the dual support system, at the 
expense of more important matters 

We are all concerned to protect research but 
I believe you seriously underestimate the 
resiliance of the British research effort and its 
supporters The latter are strong, vocal 
advocates of their cause and I know of no 
good reason why we should be alarmed at this 
moment Much of the fundamental research ın 
question is expensive and in no way urgent It 
will survive a little slowing down and a little 
less international competition 

Of much greater concern 1s the industrial- 
economic basis of the country and the 
contribution to that basis which needs to be 
made by universities and, of course, by other 
agencies of higher education In this context 
you mention (without, however, developing) 
the need for educational diversity It 1s an 
essential requirement of any successful 
organization that 1t posses the highest degree 
of diversity compatible with its integrity The 
model for a successful university system 
should be the usual model of any evolving 
system, namely a dynamic steady state 
stabilized in this case by the inevitable 
boundary conditions of budgets, standards 
and student numbers It 1s essential that, 
within the system, there be both lateral and 
longitudinal flexibility in subject content and 
student effort Such a pattern leads mevitably 
to the co-existence of broad degrees and 


speciahzed degrees, of vocational and non- 
vocational options, of universities and 
polytechnics, and of low level and high level 
exit qualifications There needs to be a marked 
change 1n the emphasis of university teaching 
towards the Design-and-Make Society and I 
would remind you of the Royal Society of Arts 
initiative in support of Education for 
Capability 

There 1s nothing radically wrong with 
British universities that a little loosening up 
will not cure The present financial crisis, for 
example, will be coped with readily 1f all those 
over 60 or, 1f necessary, over 55 will simply 
make way for the young and for any 
subsequent changes in subject emphasis 
deemed necessary Making way does not imply 
‘walking the plank’’, but rather continuing 
one’s vocation in teaching, research or both in 
retirement or semi-retirement Some 
mortgaging of our financial future might still 
be necessary but not for long. Not every 
university can be saved an ugly confrontation 
in this way but the system as a whole could be 
Since I am ın favour of the present number of 
universities, a little more even spreading of the 
costs and the cuts would be entirely m order 
Any suggestion that this would deprive us of 
necessary excellence 1s nonsense 

In winning back a little of the country’s 
confidence 1n us, it would be as well not to go 
on supposing that our present arrangements 
are the best of all possibilities A glance at 
France, Germany and the United States would 
convince many that this 1s not so 

The single honours degree 1s not the be-all- 
end-all For its own good, the dominating 
influence of Oxbridge and its concentration on 
scholarly excellence and other platonic virtues 
will have to be challenged by other equally 
exacting paths of excellence, paths of 
university study which also lead to competence 
and usefulness If it 1s true that the annual 
toast of the Cambridge Philosophical Society 
1s or was “‘Here’s to our researches, may they 
always be useless!’’, 1s 1t surprising that our 
industries falter? This simplified analysis 1s no 
doubt open to criticism, but I shall be content 
if it stimulates discussion of ways forward 
rather than of defences of the status quo 

GRAHAM HILLs 

University of Strathclyde Vice-Chancellor, 
University of Strathclyde, _ 
Glasgow, UK 


Research accountant 


Sır — In an otherwise admurable article on 
current affairs and research at the Imperial 
Cancer Research Fund in Nature of 15 April 
1982 (p 595), Robert Walgate 1s misleading in 
his interpretation of the accounts 

The income for the year ended 30 September 
1981 is correctly stated to be £17 million, but 
£12 8 million (75 per cent) was spent on 
running the laboratories and extramural units, 
and £803,389 (4 7 per cent) on appeals, whilst 
a further £2 7 million (15 8 per cent) was spent 
on supporting the Liverpool cyclotron and 
trials with interferon In addition we 
earmarked a sum of £2 5 milhon towards the 
cost of replacing the research laboratories that 
we shall lose when the Burtonhole Lane, Mill 
Hill premises revert to the MRC in 1986 

ABL CLARKE 

Imperial Cancer Research Fund, 
London WC2, UK 
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Not all cranks : 


Sır — In his review of Gardner’s Science 
Good, Bad and Bogus (Nature 28 January, 
p.351) Sir Peter Medawar asks ‘‘was it not 
Cuvier who named a fossil ichthyosaur as 
Homo diluvu testis — man-witness-of-the- 
flood?” 

No, ıt was not And to make matters worse 
1t was actually the good baron who showed the 
beast for what ıt was a Miocene salamander 
Later in his review, Medawar states ‘‘Not all 
scientific nonsense 1s written by cranks 
though quite a lot of ıt ıs the work of 
scientists who asseverate upon difficult 
subjects of which they have no deep 
understanding’? Perhaps together with 
Medawar’s ‘‘electrician-eugenicists’’ and 
‘‘astronomer-microbiologists’’ we should 
mclude the immunologist-palacontologist? 
Perhaps this 1s too harsh for I have no 
intention to Shock (dey) — ıt 1s just that 
Medawar has given little quarter to the many, 
doubtless deserving, persons who have come 
under his fire ın the past and I only wish to see 
him play his own game according to Hoyle 

ANDREW FORESTER 
Institute for Environmental Studies, 
University of Toronto, Canada 


e 

April Fool! 
Sir — In your April Fool’s Day issue, the 
article on pages 392-393 ends with the 
statement, ‘“‘Long life 1s a fishy business 
indeed” There is more than long hfe that 1s 
“fishy” here You have been caught ın a 
pseudonym web again, although this time 
indirectly The authors of the article from 
Acta Gerontol (Prag ) are kidding somebody, 
as ‘‘Diouhy-Zivot’’ means long life ın Czech, 
and ‘*Ryba’”’ means fish Anyway, hyphenated 
names in Czech are rare 

FRANK A PITELKA 
University of California, 
Berkeley, USA 


Creative energy 


Sir — As a priest with a keen interest in 
astronomy and cosmology I have long 
pondered over the apparent contradiction to 
the second law of thermodynamics that 1s 
present ın the standard big bang theory I 
therefore read the paper ‘‘A model for the 
cosmic creation of nuclear energy”! with 
much interest 

Having attempted to exorcize the notion of 
a literal interpretation to the opening chapters 
of Genesis, I was amused to read in the above 
article, ‘We find that the main creation of 
nuclear energy started around 10 s after the 
big bang, and most of the exergy was created 
during the first few minutes, 85 per cent 
during the first hour, and that the process was 
essentially completed during the first 24 h ” 
Perhaps we also wish to add, ‘‘And there was 
evening and there was morning, one day ’’! 

**The first day of creation, who can act 
rationally on such a day!” — Alexander 
Solzhenitsyn 

GARTH BARBER 

The Chaplaincy, 
City of London Polytechnic, 
London El, UK 


1 Eriksson, K E Islam, S & Skagerstam, BS Nature 296, 
540-541 (1982) 
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Institutional biosafety committees and public 
participation: assessing an experiment 
Diana B. Dutton* & John L. Hochheimert 


THE regulation of recombinant DNA 
research has evolved at a pace almost as 
dizzying as that of the research itself Only 
seven years ago, the scientific community 
voluntarily halted certain experiments 
while potential hazards were 
investigated In 1976, the National 
Institutes of Health (NIH) issued 
regulatory guidelines mandating specific 
methods of physical and biological 
containment, and prohibiting high-risk 
experiments Since then, regulatory 
controls have been steadily relaxed ın light 
of evidence that risks may be less than 
initially feared But some experiments are 
still considered potentially hazardous, and 
disagreement persists about whether the 
research poses long-term or low level 
risks!-3 

Another major trend has been 
regulatory decentralization In 1978, 
revised guidelines shifted primary 
authority for enforcement from NIH to 
locally-appointed institutional biosafety 
committees in order to simplify 
administrative procedures and to 
encourage local responsibility, although 
NIH continued to monitor committee 
decisions* 


Effects of NIH guidelines 


Since 1978, the authority of biosafety 
committees has expanded to the point 
where virtually no federal oversight 
remains Greater discretion has also been 
delegated to individual researchers, less 
than 15 per cent of permitted experiments 
now require prior approval from the 
biosafety committee Retrospective review 
enables the committees to monitor safety 
standards without impeding most ex- 
periments A recent report by the Con- 
gressional Office of Technology Assess- 
ment calls the guidelines ‘‘a 
comprehensive, flexible, and non- 
burdensome way of dealing with the 
physical risks associated with recombinant 
DNA research while permitting the work to 
go forward’’! 

The 1978 guidelines also instituted 
significant changes 1n public participation 
in decision-making NIH’s Recombinant 
DNA Advisory Committee was broadened 
to include more individuals from fields 
outside the biomedical sciences, each 
biosafety committee was required to 
include at least two members not affiliated 


*Department of Family, Community and Preventive 


Medicine, School of Medicine, Stanford University, 
and tInstitute for Communication Research, 
Stanford University, Stanford, Califormia 94305, USA 
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with the institution (often called ‘‘public’’ 
members) to represent community 
interests Further, biosafety committees 
were required to make the minutes of their 
meetings available to the public upon 
request and were ‘‘encouraged’’ to hold 
public meetings whenever possible 

These provisions were adopted in 
response to charges by public interest 
groups and others that decision-making 
had been dominated by scientists and 
technical experts’ They evoked sharply 


role, biosafety committees have never been 
systematically evaluated Previous plans 
announced by NIH for a two-year national 
study met strenuous opposition from 
biosafety committee chairpersons!? and 
have not been pursued 

The regulation of recombinant DNA 
research symbolizes, to many, the way that 
society will deal with scientific and 
technological innovations involving 
potential risks For such issues, as Court of 
Appeals Judge David Bazelon has noted, 


The most innovative aspect of institutional biosafety committees, responsible in 


the United States for local oversight of recombinant DNA research, is 
mandatory participation from outside the institution. A survey of Californian 
committees and selected national data reveals wide variability in committee 
structure and procedures. Public participation, although constrained in various 


ways, has been generally constructive. 


divergent reactions Many scientists were 
openly sceptical about the public’s 
involvement ın complex technical issues”? 
Some warned — recalling Lysenkoism — 
that ıt could lead to political repression? 
Others saw a greater danger in the widening 
rift between science and society, and 
looked to increased public involvement ın 
science to heal this rıft!? The 1978 
guidelines clearly struck a compromise 
between the basic changes proposed by 
critics!! and the pleas of scientists to 
‘‘quietly dismantle the whole hateful 
(regulatory) artifice’’ (ref 7) Yet, these 
provisions did offer the possibility of a 
direct public voice ın decisions at the local 
level and, m this sense, launched an 
experiment in public participation in 
science policy 

This study assesses the success of that 
experiment based on a survey of biosafety 
committees in California and national 
data We focus especially on public 
participation because this 1s the most 
innovative aspect of the regulatory system, 
as well as the most controversial The 
findings suggest that lay members have 
played a constructive role on biosafety 
committees — although constrained in 
various ways — and that involvement has 
been generally worthwhile 

The time 1s ripe for such an assessment 
In November, the Recombinant DNA 
Advisory Committee considered making 
all the NIH guidelines voluntary rather 
than mandatory, but instead left them 
mandatory while again reducing their 
scope and placing still more responsibility 
for monitoring on biosafety committees 
(This recommendation was recently 
adopted by NIH ) Despite this expanding 


the only measure of confidence possible 
may be in the process by which decisions 
are made!? Thus, extraordinary effort has 
gone into developing a regulatory 
framework for recombinant DNA research 
that could provide sound, legitimate 
decisions responsive to local concerns,the 
Office of Technology report calls this 
framework ‘‘a possible model for societal 
decision-making on technological risks’’ 

The evidence presented ın this paper points 
to certain strengths and weaknesses, but 
should not substitute for a more thorough 
investigation 


Survey methods 


Data on Californian biosafety committees 
were obtained from surveys of 
chairpersons and nonaffiliated committee 
members Questionnaires were sent to each 
chairperson of the twenty Californian 
committees registered ın June 1980 with the 
Office of Recombinant DNA Activities 
of NIH Nineteen committees responded, 
including twelve in academic institutions, 
five in non-profit research institutes and 
two in private corporations Ques- 
tionnaires were also sent to all of the 48 
nonaffiliated committee members asking 
about committee performance and their 
own roles, forty-five questionnaires were 
returned, a response rate of 94 per cent 
Due to these small sample sizes, few 
differences are statistically significant 
Those that are significant are noted 
National data are based on a transcript 
of the plenary session of a meeting of about 
200 biosafety committee chairpersons and 
other representatives, held ın November 
1980!2, and on a brief survey completed by 
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Fig 1 Membership of California biosafety committees. 


98 of the 100 participants in the meeting’s 
health surveillance workshop (survey 
results provided by S Barban, Office of 
Recombinant DNA Activities, NIH) 


Survey findings 


Since biosafety committees have had 
considerable discretion in interpreting 
guideline requirements, we describe first 
some general patterns of operation before 
discussing results on public participation 

Most striking ıs the great diversity in 
almost every aspect of committee activities 
from the frequency and content of 
meetings to the performance of mandated 
functions For example, five of the 
Californian committees met once every 
three months during 1979, while several did 
not meet at all and one met fifteen times 
Most of these meetings were convened as 
the need arose, in fact, eight of the nineteen 
committees reported no regularly 
scheduled meetings About a third of the 
committees conducted some business by 
telephone or letter, several functioning this 
way almost entirely Some committees 
delegated substantial authority to 
chairpersons, others relied heavily on 
subcommittees Some committees were 
concerned only with recombinant DNA 
while others considered other potential 
biohazards 

The number of research proposals 
reviewed also varied greatly Several 
Cahfornia committees did not review any 
research proposals in 1979, while one 
reviewed 68 In both the Califormian and 
national samples, about 60 per cent of all 
biosafety committees reviewed ten or fewer 


proposals Overall, committees spent 
about 30 minutes per proposal in meetings, 
but averages ranged from less than 10 
minutes ın one committee to more than an 
hour and a half in another In general, 
smaller committees reviewed fewer 
proposals and spent more time on each of 
them Somecommittees spent most of their 
time reviewing proposals while others 
concentrated largely on policy issues and 
other business In Cahfornia, committees 
at private corporations devoted the least 
time to policy and committee business (20 
per cent), while those in academic 
institutions devoted the most tıme to such 
matters (57 per cent) 

The guidelines require that institutions 
ensure ‘‘appropriate training’’ for 
biosafety committee members, principal 
investigators and laboratory staff, conduct 
‘‘appropriate’’ health surveillance of 
recombinant DNA research personnel; and 
adopt emergency plans for accidental 
spills!4, But since specific-criteria are not 
provided, committees have interpreted 
these responsibilities quite differently 
Nationally, the majority of committees 
offer no formal training courses Training 
for committee members in Califorma 
varied from none to a combination of 
university courses, manuals and laboratory 
tours Inthe national sample, 89 percent of 
the committees delegated responsibilty for 
training laboratory staff to principal 
investigators, although several also 
assigned partial responsibility to the 
biological safety officer or to the biosafety 
committee 

Plans for emergency spills also differed 
considerably Some Californian 


(and range) on each committee 


committees tailored plans specifically to 
recombinant DNA research, others relied 
on standard safety procedures In the 
national survey, 13 per cent of the 
respondents reported that their biosafety 
committees had no emergency plans for 
serious accidents or contamination, and 51 
per cent reported no such plans for work- 
related illnesses Although serious 
accidents in recombinant DNA labo- 
ratories were thought to be rare, more than 
a third of the respondents said that their 
committees would probably not know if 
any had occurred About a third also said 
that laboratory staff were not told they 
were at increased risk of infection if 
pregnant or taking certain drugs Overall, 
15 per cent of the respondents reported that 
therr committees did not do a ‘‘good job”? 
ın protecting the health and safety of 
laboratory personnel 

The mayjonty of institutions had no 
special health surveillance for recombinant 
DNA laboratories In Cahforma, 13 of 
the 19 committees reported no such 
surveillance, for reasons ranging from 
“lack of evidence of medical hazards” to 
the statement that ‘‘routine monitoring 
procedures are adequate’ Likewise, fewer 
than half of the committees 1n the national 
survey had ‘‘established medical 
programmes’’ Most industrial biosafety 
committees reported that employees were 
given standard comprehensive medical 
examinations modified only slightly for 
recombinant DNA laboratory personnel. 
Participants differed as to what form local 
surveillance should take (routine physical 
examinations and serological sampling 
were generally not seen as useful), but they 
did agree that the present uncoordinated 
approach would not allow detection of low 
level health effects. 


Approval of research projects 


The Cahfornian biosafety committees 
approved 96 per cent of research proposals 
reviewed in 1979, 73 per cent of them 
without modification Only 4 per cent of all 
proposals were rejected, and the majority 
of committees (11 of 19) rejected none of 
the proposals considered 

There was again variation among 
committees One, however, required 
modification of every proposal reviewed, 
while four approved all proposals without 
change Rejection rates varied within a 
narrower range (0-10 per cent) The two 
corporate committees approved the largest 
proportion of proposals as submitted, 
compared with those in academic and 
research institutions (86 per cent versus 76 
and 61 per cent), required the fewest 
modifications (14 versus 19 and 36 per 
cent), and had the lowest rejection rates (0 
versus 5 and 3 per cent) 

High approval rates could mean that 
only high quality proposals were 
submitted, that proposals had already been 
modified through informal consultation, 
or that the commuittee’s review was not 
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sutficiently critical. From the data to hand 
we cannot say which interpretation 1s most 
valid, although informal consultation 
appears to be common Most local 
decisions were eventually confirmed by 


NIH, since 1978 the Office of 
‘Recombinant DNA Activities has rejected 


only an estimated 5 per cent of proposals 
approved by biosafety committees 
(statement of W Gartland, Office of 
Recombinant DNA Activities, NIH, at 25 
September 1980 meeting of the 
Recombinant DNA Advisory Committee) 
Once proposals are approved, a number 
of committees apparently take no further 
formal responsibility for enforcing the 
guidelines At the national meeting, about 
a third of the committees represented ın 
one workshop did not monitor laboratory 
procedures after initial protocol approval. 
Yet, as the workshop leader pointed out, 
problems are more likely after equipment 
has been operating for a while Because 
continuous monitoring 1s important, the 


tai ee 


guidelines include periodic review of 


‘experiments among the committees’ 


mandated functions!’ Evidently this 
requirement has been widely ignored. 


Composition of the 

committees 

The guidelines leave the choice of commit- 
tee members to the institution, but require 
each committee to include at least two non- 
affiliated ‘‘public’’ members, and to havea 
“biological safety officer’? 1f research 


' requiring P3 or P4 containment 1s being 


' national 


conducted! In Calfornia and elsewhere, 
most members are appointed by the 
administration In Cambridge and 
Amherst, Massachusetts, the city 
governments are also involved ın selection, 
but such external involvement is unusual 
Most committees comply with the 
membership requirements, although the 
survey revealed several 
institutions that had P3 facilities and no 
biological safety officer 

The Cahfornian committees ranged in 


, size from 7 to 16 members, averaging 11, 


and all had the required number of 
nonaffiliated members Figure | shows the 
average composition of these committees, 
and reveals wide variation For example, 


' recombinant DNA researchers comprised 


l 
$ 
1 


t 


$ 


K 


anywhere from 9 to 58 per cent of each 
committee, and there was comparable 
variability for most membership 
categories The ‘‘typical’’ committee 
consisted of 55 per cent recombinant DNA 
and other biological scientists, with five to 
ten per cent of the membership ın each of 
the other seven categories Scientists were 
in the majority on most committees; only 
two contained fewer than 50 per cent 
scientists and one had more than 90 per 
cent Six of the 19 committees were 
composed entirely of men, and all were 
chaired by men Otherwise, there were few 


' consistent patterns. 


The guidelines state that the non- 
affiliated members ‘‘shall represent the 


interest of the surrounding community 
with respect to health and protection of the 
environment’’, and they list as suitable 
examples ‘‘officials of State or local public 
health or environmental protection 
agencies, members of other local 
government bodies, or persons active in 
medical, occupational health, or 
environmental concerns ın the 
community’? Many of the Californian 
committees followed these suggestions. the 
two largest categories of nonaffiliated 
members were public health or other 
government officials (33 per cent) and local 
citizens (31 per cent) 

The third major category reflects a 
rather different response 25 per cent of all 
nonaffiliated members were recombinant 
DNA or other biological scientists working 
at different institutions In two 
committees, the non-affiliated members 
consisted entirely of outside scientists. 
Although most such scientists were well 
qualified technically, their qualifications 
for representing community interests on 
pubhc health or environmental issues were 
generally not evident from their curricula 
vitae 

A major premise underlying the 
proposals to broaden participation in 
biosafety committees was that local 
citizens and other non-scientists would 
raise different issues from scientists, 
offering contrasting perspectives Data 
from the Californian survey support this 
premise. Predictably, lay nonaffilated 
members had more trouble understanding 
discussions than did scientists (66 versus 43 
per cent), and tended to rate ther own 
contributions as less valuable Several lay 
members reported that their suggestions 
were given little weight. One commented 
that ‘the committee served mainly as a 
rubber stamp The tasks require 
specialized expertise ad 

On the other hand, Jack of technical 
understanding could sometimes be 
advantageous. As one lay member said, it 
“requires the committee to think at a less 
hurried pace about potential problems 
to think through problems from a 
somewhat different perspective”, and to 
seek “‘information that a trained person 
might have assumed was implicit’? One 
said simply, “I am the gadfly ”’ 

Scientists and non-scientists also had 


different views about community 1n- 


fluence Lay nonaffiliated members were a 
good deal more sceptical than 
nonaffiliated scientists about direct 
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community input to committee 
proceedings. Yet the nonaffilated 
members, apparently because they viewed 
themselves as representatives of the 
community, were almost twice as hkely as 
the scientists to say that committee 
decisions ‘‘always’’ took account of 
community views (38 versus 20 per cent) 


Value of public participation 


Committee representatives at the national 
meeting disagreed about the value of lay 
members Some thought that such 
members contributed little. Others claimed 
that community members played an 
important role — that they helped to avoid 
potential conflicts of interest and ‘‘caused 
the committee to operate ın a more tidy 
fashion’’ Several stressed the useful 
political function of public members in 
providing a sense of open communication 
with the community and in defusing 
potential animosity 

Do the benefits of public participation 
come at the cost of increased inefficiency or 
incompetent review? The Cahfornian 
survery provides no evidence of such a 
tradeoff. Committees with local citizens 
reviewed almost twice as many research 
proposals ın 1979 as those with no citizen 
members (20 4 versus 10 9 proposals), at 
the same tıme spending a somewhat larger 
fraction of meetings policy issues (36 versus 
26 per cent) and covering more such issues 
(2 8 versus 2.5 per cent). Furthermore, 
although committees with citizen members 
spent less meeting time per proposal (27 
versus 37 minutes), their review does not 
seem to have been more superficial than 
that of other committees, as they had a 
slightly higher rate of proposals rejected (6 
versus | per cent) and of modifications 
requested (24 versus 21 per cent). These 
differences were independent of committee 
size, even though committees with citizen 
members tended to be larger, and larger 
committees tended to have lower approval 
rates Within both smaller and larger 
committees (Table 1), those with citizen 
members had lower approval rates as well 
as higher rates of modification and 
rejection. 

With lay members ın the clear minority 
on most committees, it is perhaps 
surprising to find even small differences. 
These findings are consistent with 
psychological research indicating that lay 
people tend to define technical issues more 
broadly than experts and to be more 


Table 1 Comparison of rates of approval of research proposals for institutional biosafety 


committees with and without citizen members, by commuttee size 


Research proposal 

Approval rates 

Per cent approved as 1s 

Per cent approved with minor modification 
Per cent rejected 

Number of biosafety committees 


Committee size 
7-10 members 11-16 members 
No 1-3 No 1-3 
local local local local 
citizens citizens citizens citizens 
70 63 98 81 
29 35 2 7 
l 3 0 11 
§ 7 3 4 
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cautious 1n assessing possible risks!® And 
they bear out James Watson’s warning that 


“public members may take regulation 
seriously, unlike the molecular 
biologists’”’ 

Public access 


Community representation can also occur 
by direct participation in committee 
meetings Thus, the guidelines 
“encourage” open meetings whenever 
possible!?. Many commentators had urged 
stronger measures — mandatory open 
meetings that were publicized and held at 


convenient times — fearing that a 
voluntary provision would have little 
impact 


Such fears were justified The 
Californian survey as well as the national 
meeting indicate that most committees 
have done little to encourage public 
participation; many have actively dis- 
couraged it Almost half (42 per cent) of the 
Californian committees held no open 
meetings Of the eleven committees that 
did have ‘‘public’’ meetings, only five held 
them on a regular schedule, ın all cases ona 
weekday during working hours More 
significantly, these meetings were 
apparently not announced When queried 
about different forms of publicity, not one 
committee reported any announcement of 
meetings on bulletin boards, ın campus or 
local newspapers or in other public media 
At the national meeting, most chairpersons 
also reported that therr committees did not 
publicize meetings widely It 1s hardly 
surprising that public attendance has been 
minimal About half of the Californian 
committees holding ‘‘public’’ meetings 
reported that no one attended while others 
had typical audiences of one or two 

As in 1978, many still dispute the value 
of open meetings Almost half of the 
committee chairmen in California felt that 
open meetings were not desirable 
Objections raised included the use of 
meetings as a ‘‘pohtical’’ forum, possible 
violations of confidentiality, inhibition of 
frank discussions by committee members 
and fear that a lay audience ignorant of 


technical issues would impede the 
committee’s operation 

In committees that had open meetings, 
however, almost all the chairmen thought 
they were desirable, for reasons ranging 
from preventing public misconceptions to 
informing committee members about 
community views The performance of 
these committees compared favourably 
with those with closed meetings with regard 
to number of proposals reviewed and 
policy issues discussed (Table 2) And, like 
committees with public members, those 
with open meetings spent slightly less 
meeting time per proposal, yet were 
somewhat more critical ın their 
judgements, rejecting more proposals as 
well as requiring more modifications 
These differences were independent of 
both committee size and citizen 
representation They suggest that open 
meetings do not make committees 
measurably less efficient and may, 1n fact, 
lead to a more critical review of proposals 


Effects of open meetings 


If there are differences between open and 
closed meetings, they probably have less to 
do with specific issues raised by audience 
members than with subtle changes in 
atmosphere Most people attending 
committee meetings asked general 
questions about research procedures or 
policies such as earthquake standards or 
laboratory safety Yet comments from 
nonaffilated members suggest that open 
meetings may nonetheless have had an 
effect on the committee As one member 
noted, ‘‘community members are the only 
‘outsiders’ at the meeting’’, adding, 
“Without them, who are the watchdogs?”’ 

Assuming that open meetings facilitate 
direct communication with the 
community, one would expect committees 
with open meetings to receive more views 
from the community and to be more 
responsive Table 2 shows just the opposite 
pattern Nonaffiliated members on 
committees with open meetings more often, 
said that the community had no input and 
that committee decisions did not always 


Table 2 Selected comparisons of biosafety committees with open and closed meetings 


Average number of research proposals 
reviewed in 1979 
Average meeting time spent per proposal (minutes) 
Proposal approval rates 
approved as 1s 
approved with modification 
rejected 
Average number of policy and procedural issues 
discussed that were listed by chair 
Per cent of nonaffihated members who said 


community had no mput into committee proceedings 


Per cent of nonaffiliated members who said 
committee decisions did not always account 
adequately for community views* 

Number of biosafety committees 

Total number of nonaffihated members 


*P « 005 


Committees that have 


No 50-100% 
open open 
meetings meetings 
14 1 18 0 
56 51 
79% 70% 
20% 24% 

1% 6% 

16 35 
38% 58% 
47 78 

g li 
18 27 
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adequately account for community views 
One explanation may be that, as one 
member put it, open meetings ‘‘sensitize 
academic members to community 
concerns”, leading to greater awareness of 
the ways 1n which the committee was not 
responding to the concerns they heard 
Alternatively, members of committees 
with open meetings may simply have had 
higher expectations concerning com- 
munity influence Despite scepticism about 
the amount of community participation, 
however, almost all nonaffiliated members 
rated ıt as somewhat or very helpful 

Minutes of meetings provide another 
source of public information about 
committee proceedings The guidelines 
require that such minutes and related 
documents be made available upon 
request”? Here again, this requirement has 
had a negligible impact, only one of the 
Californian committees reported receiving 
requests for minutes Miulitating against 
such requests was the fact that the meetings 
were unannounced, and the minutes were 
typically stored in an admunistrative office 
not readily accessible 

There 1s a potential conflict between 
public accountability and the privacy 
necessary to protect trade secrets, as the 
guidelines acknowledge So far, such 
conflicts have arisen mainly in proprietary 
mstititions At the national meeting, 
corporate committees reported that 
meetings were not open to the general 
public Outside members, many paid by 
the companies, had to guarantee 
confidentiality, further limiting public 
accountability In California, only the two 
corporate committees reported restricting 
the agendas of meetings because of 
proprietary concerns, although four other 
committees took special precautions to 
protect potentially patentable results 
before releasing minutes 


Are biosafety committees 
worthwhile? 


Most chairpersons at the national 
meeting seemed to think that the time and 
effort spent by biosafety committees were 
greatly out of proportion to the risks of 
recombinant DNA research and therefore 
that the committees were largely 
unnecessary Opinions expressed in the 
Californian survey were strikingly 
different More than 80 per cent of the 
chairmen thought the guideline re- 
quirements concerning biosafety com- 
mittees were ‘‘about right”, while 91 per 
cent of the nonaffiliated members agreed 
that ‘‘biosafety committees as they 
presently function are worthwhile’ This 
difference in views may be due not only to 
changes in perceptions of risk between 
1979 and 1980 but also to the different 
sources of data — individual question- 
naires versus the group process that 
produces a consensus 

Comments in the California survey, asin 
the national meeting, highlighted functions 
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of biosafety committees Many 
nonaffiliated members believed that the 
committees had an important role in 
promoting safety, for instance, one 
commented that they ‘‘force researchers to 
meet strict standards, as enforced by the 
campus environmental health officer 
Several hazardous projects have either 
been aborted or redesigned because of our 
action’? Others thought that biosafety 
committees provided a useful forum for 
internal review of controversial issues and 
also ‘‘a sense of security to the public 
agency and to the scientific community — 
no secrets, open communication’’ 


Discussion 


In combining technical evaluation of 
scientific issues with provisions for 
accommodating social values and limiting 
conflicts of interest, institutional biosafety 
committees represent a significant policy 
innovation The experience of the 
Cahforman committees — which appear to 
be typical of committees elsewhere — 
suggests three general conclusions about 
their performance 

First, the considerable diversity of 
biosafety committees appears to reflect not 
only varying local circumstances but also 
variable effectiveness Furthermore, the 
varying approaches (if any) to surveillance 
prevent development of a standardized 
system that might be more capable of 
establishing safety or detecting hazards 


ay a re n ae naana 


Compliance has been variable even on 
specific requirements of the guidelines 
Not all institutions conducting P3 research 
have appointed biosafety officers, and 
many do not monitor experiments after 
initial approval Continuous monitoring Is 
also hindered by infrequent committee 
meetings The Office of Technology 
Assessment reports that biosafety 
committees ‘‘usually meet monthly’’, but 
only one of the 19 California committees 
met that often ın 1979, and the frequency 
of meetings has undoubtedly declined since 
then Stanford’s committee, which met 
four times during 1979, now meets only 
once a year unless special problems arise 
(interview with D Perkins, chairman of 
the Stanford Biosafety Committee by M 
London) 

The low rates of rejection of research 
proposals also raise questions about 
effectiveness While these low rates may 
result from high quality proposals, they 
may also be due in some cases to m- 
adequate review by the committee Pre- 
vious studies of similar institutional 
Committees monitoring human subjects 
research, suggested that their low rate of 
rejection of proposed experiments was at 
least partly due to poor performance 

A second conclusion that may be drawn 
is that, given the highly decentralized 
nature of the biosafety commnttee system, 
clear minimum standards for essential 
elements of the system would be helpful 
One of the key experimental variables ın 


these committees has been public 
participation, yet the guidelines define this 
variable only very generally through the 
requirement for nonaffilated members 
The stated intent 1s that such members shall 
represent the surrounding community with 
respect to health and the environment, and 
the regulations stipulate that institutions 
are expected ‘‘to adhere to the purpose of 
the guidelines as well as to their 
specifics’?! But precisely how community 
interests are to be represented ıs left 
notably ambiguous, inviting disparate 
interpretations Thus, a quarter of all 
nonaffiliated members were biological 
scientists from’other institutions, many 
engaged in recombinant DNA work and 
with no evident qualifications for 
representing community interests 

More specific provisions concerning 
public representation, such as those 
recently adopted by the Food and Drug 
Administration for human subjects 
commiuttees??, could have avoided this 
ambiguity Provisions had been proposed 
in 1978 that committees include a certain 
proportion of non-scientists or reflect the 
demographic composition of the 
community, to ensure direct community 
involvement (following the examples ın the 
guidelines) rather than representation by 
outside scientists!!, But NIH rejected these 
proposals on the grounds that the biosafety 
committee ‘‘is in large part an expert 
committee whose essential function 1s to 
evaluate research protocols in respect to 
containment levels, using the explicit 
instructions of the guidelines Rigid quotas 
are not necessary’ With such 
ambivalence about the role of public 
members, it ıs not surprising that the 
regulations remained ambiguous 

It would also have been useful to define 
what constitutes ‘‘appropriate’’ training 
for biosafety committee members 
Insufficient technical instruction 
compounded the frequent difficulty that 
many nonscientists had in understanding 
discussions, and a number stressed the 
need for more systematic training on basic 
research techniques and terminology 


The role of the public 


Minimum standards for critical factors 
such as technical support and provisions 
for community representation need not 
restrict local experimentation in meeting or 
exceeding these baselines Such standards 
are vital in a decentralized regulatory 
system where effectiveness depends largely 
on local structures and procedures 
Without mechanisms for assuring 
accountability to community interests, 
public participation in biosafety 
committees has not been fully tested 

Yet it ıs clear that some committees did 
make a genuine effort to involve local 
citizens and were at least partially 
successful The results of these experiences 
suggest a third conclusion which, although 
tentative, 1s perhaps the most important 
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given a chance, public participation 
seemed to work fairly well Most 
community representatives took their role 
seriously and contributed to effective 
committee performance by broadening 
discussion and encouraging more critical 
scrutiny of research proposals Public 
meetings, even with limited attendance also 
appeared to give committees a better 
understanding of community concerns 
without impeding committee operation 
Many members believed that the commit- 
tees were an important channel for public 
communication about an issue that 
remains sensitive, and that public nvolve- 
ment caused no evident harm to the 
research or to science 

Even if federal regulations are 
eliminated, the controversy over how to 
regulate recombinant DNA research 1s not 
likely to disappear It has recently emerged 
anew in communities where genetic 
engineering compamies have been set up. 
Because NIH regulations do not cover 
commercially-sponsored research, several 
towns and states have recently passed or 
drafted ordinances extending the present 
guidelines to industrial research and 
adding other requirements!® Thus, 
biosafety committees or their equivalent 
may well continue to be a key element ın 
local regulation Asa workable mechanism 
for direct public participation, these com- 
mittees have established a significant 
precedent in the decision process concern- 
ing science and technology 
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NEWS AND VIEWS 


New frequency standards 
from ultra-narrow Raman resonances? 


THE high-resolution study of atomic and 
molecular resonances over the past decade 
has led to the establishment of an atomic 
time standard based on the very stable 
atomic beam microwave transition 
between the hyperfine ground states of the 
caesium atom. Laser excitation of atomic 
or molecular transitions offers potential 
improvements ın this ‘standards’ field but 
has been dogged, by hnewidth problems 
The lasers jitter in frequency and the 
optical transitions investigated have been 
broadened by motion, collisions or by 
spontaneous decay, so that the gain in 
frequency over the microwave transition 1s 
offset by the increase in linewidth Much 
effort 1s being expended to produce more 
stable lasers and to generate narrower 
spectral lines, ın part because of a general 
spectroscopic interest and ın part to find 
new laser-driven atomic clocks that could 
supplement or even supplant the Cs clock 
This could meet new demands for ultra- 
precise time mtervals A recent experiment 
reports a new ultra-high-resolution laser 
spectroscopic excitation which not only 
eliminates laser jitter problems but also 
almost all line-broadening mechanisms, 
including that of a finite lifetime, and leads 
to a spectral line whose centre 1s stable to 
great precision 

Ezekiel and his colleagues at MIT and 
the Rome Air Development Center have 
measured an optical atomic resonance of 
width 650 Hz (Thomas et al. Phys Rev 
Lett. 48, 867; 1982). This width 1s four 
orders of magnitude less than the inherent 
natural width of one of the states involved 
and almost certainly less than the lne- 
widths of the phase-j1ttering lasers used to 
excite the transition This remarkable 
example of a ‘subnatural’ linewidth has 
major implications for frequency and 
atomic clock standards Already, the pre- 
lhmunary data are claimed to compare well 
with the short-term stability of a conven- 
tional Cs atomic beam clock Ezekiel’s 
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Fig.1 Resonance Raman transitions 


group use stimulated resonant Raman 
transitions (Fig 1) with transitions from 
states 1 to 2 and 2 to 3 driven by lasers of 
frequency w, and wp. 

Conventional atomic beam clocks drive 
directly the hyperfine transition from state 
1 to 3 m Cs with a microwave radiation 
field A single microwave cavity of length / 
interacts with atoms of velocity v for a time 
t^ l/v as they fly through in a beam, and 
wil excite a resonance at frequency w^ 
w, ((2,-£,)/* of width of order 
Aw=t-!\v/l by simple Fourier 
arguments States 1 and 3 are both ground 
states and are not broadened by any other 
influence (there 1s no Doppler broadening 
in the microwave—beam interaction, there 
are no collisions ın the dilute beam and no 
natural broadening of the line) To 
decrease this transit-time width Aw and 
increase the resolution Aw/w,, suggests 
increasing / In fact, two separate micro- 
wave cavities separated by a distance L»/ 
and fed in phase are used The atom hasa 
probability amplitude a, of being excited in 
the first cavity and a, in the second The 
transition probability P= |a, +a,|? has a 
two-slit imterference pattern due to the 
quantum interference between different 
routes from indistinguishable initial and m- 
distinguishable final states The inter- 
ference lineshape 1s called a Ramsey 
resonance and has a width ~ (v/L)«(v/D, 
making possible ultra-high-resolution 
spectroscopy 

An optical transition between the 
ground state 1 and excited state 2 1s not 
often limited by this transit-tume broaden- 
ing Instead the hnewidth is produced by 


grossly larger influences The Doppler 
motion-induced spread in frequencies 
amounts to several GHz, which can be cir- 
cumvented either using the new non-linear 
laser spectroscopic tricks, or by exciting a 
well collimated atomic beam perpendicu- 
larly with a well collimated tunable laser 
beam Providing the atomic beam 1s not 
too dense, collisional widths can also be 
eliminated The excited atom still interacts 
with its environment’ it couples to the 
vacuum-quantized radiation field and con- 
sequently decays spontaneously with a life- 
time typically of order 10? Hz This width 
seems immutable, and the spectral 
structure in the natural width forever un- 
resolvable However this is not the case 
there are several ways m which atomic 
coherence can be exploited to generate sub- 
natural linewidths, and I have reviewed 
these elsewhere (Comments atom molec 
Phys. 10, 241; 1981) Nevertheless, we 
would not expect more than an order-of- 
magnitude improvement from even the 
most accomplished subnatural spectro- 
scopist, simply because the penalty paid for 
the decrease in linewidth 1s exponential Toss 
in signal strength 

Ezekiel eta/ have used stimulated reson- 
ance Raman transitions from state 1 to3 via 
State 2, by the absorption of a photon of 
frequency w, from one laser field and the 
stimulated emission of a photon of 
frequency w, into another laser field, such 
that (w,-w,)*=w,, A peculiarity of such 
transitions 1s that the Raman interference 
line has a width governed by the sum of the 
widths of states 1 and 3 only, with no real 
contribution from 2 Proof of this requires 
extensive analysis of the dynamics of the 
laser excitation and 1s true only for Raman 
difference frequencies (w,~-«,) close to* 
@3,; otherwise 2 will strongly contribute to 
the transition dynamics If the frequency 
w, 1s chosen to be exactly resonant with the 
w, transition frequency and w, 1s scanned 
through the w,, resonance frequency and 
the decay fluorescence from state 2 
measured, a Raman lineshape ıs generated 
in the fluorescence intensity versus w, Its 
overall shape is a Lorentzian of natural 
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Fıg.2 Raman and Raman-Ramsey fringes 

observed by Ezekiel ef a/ m sodium (from 

Phys Rev Lett 48,867, 1982) The arrow 

points to the fringes See the text for 
details 


width (usually 107 Hz), but when 
(w, ~w) =w; (thatis, at the ‘two-photon’ 
resonance frequency) a narrow non- 
absorbing ‘hole’ (G Orriols Nuovo Cum 
B53, 1, 1979)1s burnt mto the lineshape At 
this hole frequency, the atom 1s entirely 
transparent. Physically the Raman (or two- 
photon) hole 1s due to atomic coherence 
The atom is optically pumped by the two 
lasers into a coherent superposition of 
ground states 1 and 3 in which dipole 
moment induced on the 1-2 transition 
exactly cancels the 2-3 induced dipole This 
vanishing total dipole moment leads to 
zero net absorption and consequently no 
decay fluorescence The dipole moments 
only cancel close to Raman resonance else- 
where population can be excited into 2 and 
contributes a fluorescent, naturally 
broadened line 

Ezekiel et al chose to study resonance 
Raman transitions in a sodium atomic 
beam ın which state 1 1s the 37S,, (F=1) 
hyperfine ground state, 3 1s the 32S, (F=2) 
hyperfine state and state 2 ıs the 3*P,, 
(F= 2) hyperfine sublevel, of lifetime 16 ns 
The atoms are excited by co-propagating 
laser fields, and Raman dips are observed 
on a 10’? Hz-wide fluorescent background 
when w, =w and w, 1s scanned through 
wy Three Raman dips are observed cor- 
responding to Raman transttions between 
different magnetic sublevels ın states 1 and 
3, separated by the 300 mG Zeeman field 
applied to the atoms Each has a width 
governed principally by the transit time 
fVl/v in the region simultaneously 
irradiated by the two laser beams The two 
laser fields need to be correlated ın their 
phase fluctuations or the two-photon, or 
Raman coherence will be washed out 
Ezekiel’s group eliminate this phase 
fluctuation problem by deriving one 
frequency, w,, by acousto-optic modu- 
lation from a stabilized laser of frequency 
w,, such that phase-jitter in the two beams 
is precisely correlated Since Raman 
coherence depends ın part on the phase 
difference between the light fields, the 
correlated jitter leads to a non-fluctuating 
Raman phase factor and to a Raman dip 
which can be, ın principle, narrower than 
the laser bandwidth 

As the Raman, or non-absorbing, dip 1s 
uninfluenced by the upper state decay 
lifetime +, a Ramsey double-excitation 
technique can be used with a long delay 
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T »t without loss in signal but generating 
ultra-narrow lines similar to those ın the Cs 
atomic clock The two correlated 
frequencies w, and w, are mixed and used 
to excite the sodium atomic beam in two 
regions separated by a distance L Figure 2 
shows the sequence of lines observed for 
L™15cm In Fig 2a, three Raman dips are 
observed on a 10’ Hz-wide naturally 
broadened fluorescence line as w, 18 
scanned though w,, excited in a single 
interaction region A Raman width of 50 
KHz 1s attamable Figure 2b shows the 
expanded scan of the Raman dips, now 
excited by two imteraction regions sep- 
arated by 15 cm, with central fringes cor- 
responding to Ramsey interferences on the 
central Raman line (Ramsey fringes on the 
other dips are washed out by stray magnetic 
fields) Figure 2c shows the further 
expanded scan of these central Ramsey 


fringes Increasing the interaction separ- 
ation L to 30 cm produces fringes of width 
650 Hz (HWHM) 

If these Ramsey~Raman techniques 
were apphed to the Cs hyperfine Raman 
transition, a short-term stability 
A w/w™2 510°" seems possible over 1 
s, which approaches the stability of a 30 cm 
interaction—separation Cs atomic clock 
The laser technique can be :mproved by 
decreasing laser-induced Stark shifts, 
optical pumping signal enhancement, 
laser-cooling of atoms to increase flight 
times and perhaps by applying it to ions in 
electromagnetic traps The new technique 
has arrived just as metrologists all over the 
world are seriously investigating new poss- 
bilities to replace the ageing Cs microwave 
atomic clock, and will be scrutinized care- 
fully as a potential time-keeper of great 
stability B 


Enhancing elements for activation 
of eukaryotic promoters 


from Moshe Yaniv 


TINKERING with recombinant DNA 
systems for the expression of genes in 
eukaryotic cells has recently thrown up a 
new class of regulatory sequences These 
are the ‘enhancers’, short viral sequences 
that can stimulate, by up to two orders of 
magnitude, the transcription of coding 
sequences from their own promoters Even 
more remarkably, they do so whatever, 
within reason, their position or orientation 
with respect to the coding sequences, 

Enhancers were first discovered as 
sequences near the early genes of simian 
virus 40 (SV40) and polyoma that are 
required for virus viability’ Approx- 
imately 30 base pairs (bp) upstream of these 
genes 1s found the TATA sequence typical 
of eukaryotic genes transcribed by RNA 
polymerase II] and which appears to 
determine the specific site of initiation of 
transcription In SV40, between 113 and 
257 bp upstream of the RNA start point ıs a 
directly repeated 72 bp sequence Removal 
of one 72 bp sequence has little effect, 
however, if part of the second sequence 1s 
removed the genome 1s rendered non- 
viable because at least one of the repeats 1s 
required for transcription of SV40 early 
genes 

It 1s now clear that viral enhancers can 
also exert their effects on cloned nuclear 
genes Schaffner’s group has shown that 
the SV40 72 bp repeat can increase the 
expression of a cloned rabbit B-giobin gene 
in HeLa cells by 200-fold The globin gene 
was introduced into the HeLa cells by the 
calcium phosphate co-precipitation 
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technique and its expression was measured 
after 2-3 days, before the integration of 
this DNA into the cellular genome The 
SV40 72 bp repeat has to be covalently 
joined to the gene (that 1s, 1t functions in 
cis), but surprisingly it works even if ıt 1s 
several kilobases upstream or downstream 
from the transcription initiation site, and 
its orientation with respect to the gene 1s 
unimportant? Similarly, Chambon’s 
group has shown that the activity of the 
chicken conalbumin or adenovirus major 
late promoters can be stimulated by the 
SV40 enhancer® 

These observations clanfy and extend 
earlier suggestions that viral sequences may 
affect the activity of eukaryotic genes 
Capecchi’s finding that the transformation 
of TK- (a thymidine kinase mutant) mouse 
cells by plasmids carrying herpes virus fk 
gene is more efficient when the plasmid 
also carries the SV40 genome was probably 
mistakenly interpreted ın terms of more 
efficient integration’ The stimulation of 
expression of rabbit -globin gene in HeLa 
cells by a 244 bp DNA fragment from 
polyoma virus’, of human f-globin and in 
certain cases of the herpes tk gene by the 
SV40 72 bp element**, and of the 
chloramphenicol acetylase gene linked to 
chicken a-collagen promoter by SV40 
sequences !° are probably other dem- 
onstrations of enhancers 1n action 

Enhancers do not seem to be limited to 
papovaviruses 72 bp directly repeated 
sequences are also found in the long 
terminal repeats that flank integrated 
retroviruses (for example Moloney 
sarcoma virus) Although these sequences 
have no obvious sequence homology with 
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those of SV40 they can replace them to 
produce viable hybrid molecules?! 

The presence of enhancers in 
retroviruses may explain some recent 
intriguing findings that appeared to be 
inconsistent with the promoter insertion 
model of viral carcinogenesis!* According 
to this model, integrated retroviruses can 
provide active promoter sequences that 
increase the expression of cellular genes. By 
integrating upstream of the cellular 
homologues of viral oncogenes, and 
consequently increasing their expression, 
retroviruses lacking their own oncogene 
are thought to be able to transform cells 
However, Payne ef al. have shown recently 
that ın bursal lymphoma cells, avian 
leukosis proviruses can be integrated 
upstream or downstream and ın either 
transcription orientation relative to the 
cellular myc gene (c-myc) — the cellular 
homologue of the putative transforming 
gene (v-myc) of myelocytomastosis virus 
Clearly these findings are inconsistent with 
a simple promoter insertion model, 
however they fit nicely with the known 
properties of enhancers 

An interesting possibility 1s that 
enhancer sequences may have a role in 
regulating cell differentiation Polyoma 
viruses are normally unable to grow ın early 
embryonal mouse cells, or m differentiated 
derivatives of these cells Mutants of 
polyoma with the capacity to replicate in 
embryonal cells were found to have 
sequence rearrangements!3-'6 in the region 
of the virus shown to contain enhancing 
sequences, although not of the 72 bp repeat 
type® These results suggest that enhancers 
may be involved in tissue- or cell type- 
specific control of gene expression 

The mechanism of action of enhancers 1s 
unknown but several possibilities may be 
envisaged Prominent amongst these are 
that enhancers may act as chromatin 
organizers, RNA polymerase entry ponts, 
sites of attachment to the nuclear matrix or 
regulators of local DNA superhelicity Of 
course these possibilities need not be 
independent or mutually exclusive Some 
evidence that enhancers may regulate 
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chromatin structure comes from their 
presence in regions of papovavirus 
genomes not packaged into nucleosomes in 
cells!?-!9 This may lead to changes in the 
structure of chromatin propagated on both 
sides of the enhancer and thus permit 
efficient transcription of neighbouring 
genes Alternatively the nucleosome-free 
region may act as a high-affinity site for 
binding RNA polymerase ” 
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How enhancers really work, and 
whether they have a role in the normal 
control of cellular gene expression, are 
clearly exciting problems likely to be the 
subject of much future research Already it 
seems that genomic DNA contains 
sequences homologous to viral 
enhancers *!, and what may be an enhancer 
has been found upstream of the sea urchin 
H2A gene 22 O 


The great galactic centre mystery 


from Guenter R Riegler 


WHEN y-ray astronomers discovered last 
year that the positron—electron 
annihilation radiation from the galactic 
centre region varied on a time scale of six 
months!, 1t became necessary to reconcile 
possible explanations for the phenomenon 
with data from the radio and IR bands 
This provided the impetus for a recent 
workshop* that examined the central 
parsec of the galactic centre using data 
from all available spectral ranges 

Images of the central few parsec of the 
Galaxy can be readily obtamed through 
two experimental ‘windows’ bremsstrah- 
lung emissions of 1omized gas near 6 cm 
wavelength, and thermal emission of 
heated dust near 10 um Both maps show a 
non-uniform brightness distribution!® and 
their similarity implies that the 1on1zed gas 
and the heated dust are distributed along 
an arc-like structure 

Observations of the galactic centre at 
radio wavelengths show a non-thermal 
compact radio source surrounded by 
1onized gas moving at high velocities The 
compact source varies on time scales as 
short as one hour, but we are not yet able 
to form a consistent picture of the actual 
source size Neither ordinary pulsars nor 
binary stellar radio sources match the 
spectral index and luminosity of the 
compact radio source 

Maps of line emission of atomic 
hydrogen, tonized hydrogen and molec- 
ular gas (primarily ammonia and 
formaldehyde) show a complex distri- 
bution at all scale sizes from a few parsec to 
a few kiloparsec The large, non-circular 
motion of a large portion of the gas may 
suggest ıt 1s beng expelled from the centre, 
while the large velocity dispersion in the 
central parsec suggests a massive collapsed 
object New searches for H,O masers in the 
galactic centre, reported at the workshop 
by Güsten (Max-Plank-Institut fur 
Radioastronomie, Bonn), imply that star 
formation 1s not the source of the high 
thermal flux in the galactic centre region 

IR observations? show that ionized gas 
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in the central few parsec of the galactic 
centre 1s concentrated in at least 14 small 
clouds An ionizing radiation of ~ 10°° 
photons per s is required but its origin 1s 
debatable, sources might be distributed among, 
or in, each discrete IR source, or a central 
source of radiation might ionize all clouds 

Aitken and co-workers (University 
College London) found that peaks in the 
interstellar grain temperature coincided 
with the positions of IR sources (as 
deduced from peaks ın 10 5 and 12 5 um 
continuum radiation), and argue that this 
implies that internal sources of luminosity 
power the discrete sources With colour 
temperatures derived from maps at 5, 10 
and 56 um, Rieke and Lebofsky (University 
of Arizona) argue that each IR source is 
heated by a cluster of stars of spectral type 
earlier than I. Gatley (UK Infra-Red 
Telescope) showed that most of the central 
parsec 1s transparent at UV wavelengths, so 
that heat sources need not be embedded in 
the [R-emitting dust clouds The ionizing 
radiation may therefore be produced bya 
distributed source which ts merely centrally 
concentrated about the position of IRS 16 
(commonly accepted as the IR counterpart 
of the non-thermal compact radio source in 
Ser A West) 

The main argument for the existence ofa 
central massive object at the galactic centre 
comes from a study of the dynamics of 
ionized gas clouds Lacy? found that the 
motions of the gas clouds are best fit with a 
mass distribution which includes a central 
mass 1n addition to a distributed mass, each 
of ~3 x 10° solar masses (Mo) The 
central mass could be a star cluster, for 
example, a highly evolved OB association 
as favoured by Lacy 

The conjecture that there might be a 
black hole of mass 1-5 x 106 Mo at the 
galactic centre was made more than a 
decade ago by Lynden-Bell and Rees4 
Arguments for and against its existence 
were given by several speakers at the 
workshop Lacy (Caltech) pointed out that 
a model of spherical accretion of ordinary 
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interstellar gas towards a massive black 
hole would be inconsistent with the 
observed Sgr A IR spectrum and the 
required ionizing flux The accretion rate 
which 1s required to power all activity in the 
galactic centre region, “10° Mo yr", 
may also be augmented by debris from 
stellar disruptions or from nearby 
collisions involving giants Some authors, 
particularly Ozernoi and his collabora- 
tors’, have argued against the massive 
black hole hypothesis on the grounds that 
the rate of star capture would be 
incompatible with observations Rees 
(University of Cambridge) reviewed these 
arguments and showed that it 1s 
nevertheless possible to construct models 
in which the luminous flare from each 
stellar remnant’s impact with the black 
hole would not lead to excessive average 
luminosities 

Charge-coupled device images of the 
galactic centre at an effective wavelength of 
09 um came from three groups and all 
showed a pair of faint, very red sources 
within a few arc seconds of IRS 16 and the 
compact non-thermal radio source The 
sources are not as highly reddened as had 
been expected and ıt was suggested that line 
emission from doubly 1onized sulphur may 
contribute to the observed photon flux 
within the bandpass of the CCD/filter 
combinations 

The positron-electron annihilation line 
at 511 keV has been observed by at least five 
experimental groups over the last decade 
and ıs, in fact, the only non-solar y-ray line 
that has been confirmed by multiple 
measurements The line emission é implied 
an annihilation rate of 10“ per s, and a 
luminosity of 1037 erg s, compared with 
an observed luminosity at IR wavelengths 
of 10” erg s! (the bolometric luminosity 
of the source of 1omizing radiation in the 
galactic centre must be still higher by 
roughly an order of magnitude) Further- 
more, the luminosity of the anmhilation 
radiation exceeds the radio luminosity 
(1 35-31 cm) of the non-thermal source’, 
and ıs a few hundred times more intense 
than the X-ray luminosity, measured by the 
Einstein Observatory from the central few 
parsecs of the Galaxy 8 

The first satellite measurements of the 
511 keV line from the galactic centre in 
1979-80 showed that the emission had 
decreased by a factor of roughly three over 
a time span of six months! Recent 
experiments by Leventhal (Bell 
Laboratories) and Paciesas (Goddard 
Space Flight Center) did not observe a 
positive signal for line emission from the 
galactic centre, consistent with the 
assumed further decrease in intensity 
Jacobson (Jet Propulsion Laboratory) 
pointed out that the available data are 
statistically consistent with a model 
consisting of an extended, constant- 
intensity source and a point-like, variable 
source of 511 keV line emission 

If the variable positron emission comes 
from a point source at the galactic centre, 
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then some inferences can be made about 
the positron source as well as the positron 
annihilation region As pointed out by 
Ramaty (Goddard Space Flight Center) 
and Lingenfelter (University of California, 
San Diego), the width of the 511 keV line 
and its temporal variation! © require that 
the annihilation region have a temperature, 
density, degree of 1on1zation and size which 
are consistent with the peculiar warm 
clouds? and the other compact IR sources” 
observed in the central parsec of the 
Galaxy 

The nature of the positron source 1s also 
strongly constrained by the observed line 
emission variation multiple, extended 
sources such as pulsars, supernovae, black 
holes, or cosmic-ray interactions with the 
interstellar medium are excluded 
Blandford (Caltech) suggested that the 
positrons might be produced by an 
electromagnetic cascade process in the 
magnetosphere of a ‘106 Mo black hole 
In this model, high-energy (» m.c?) 
photons and electrons interact with much 
cooler ambient photons and gas 
Lingenfelter and Ramaty pomt out that 
interactions in which the photon, electron 
and 1on energies are all comparable, and of 
the order of ~ m,c?, are much more 
efficient for electron—positron pair 
production The necessary energy could be 
provided either ın the vicinity of a very 
compact source, like a black hole of < 102 
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Mo (to agree with arguments by Ozernoy 
that the tidal disruption of stars would 
otherwise be inconsistent with stellar 
luminosity in the vicinity of the galactic 
centre) or by interactions of high-energy 
beamed photons with one another 

Oort (Leiden Observatory) described the 
galactic gas motion of scale sizes of ~ I pc, 
~ 300 pe and 1-3 kpc The non-circular 
motions and the tilted distributions of the 
molecular clouds in the two larger-size 
regimes have been ascribed to either 
eruptive activity from the nucleus, or large- 
scale streamings in a non-axisymmetric 
potential field, but a unified model 1s 
apparently not yet available Recent 
studies by Lake (Bell Laboratories) of 
orbits in three-axial ellipsoids have shown 
the existence of ‘anomalous’ orbits ın tilted 
planes which may explain at least part of 
the observed features on the 1-3 kpc size 
scale The molecular clouds within 300 pc 
are, however, more likely to originate from 
aneruptioninthe nucleus ofthe Galaxy 0 
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Are Sahelian droughts predictable? 


from S I Rasool 


WHILE the controversy over whether the 
Earth as a whole 1s cooling down or 
warming up continues to rage unabated, 
there are a few large-scale climatic 
phenomena with major economic and 
social repercussions that are becoming 
amenable to analysis One 1s the Sahel 
drought problem Others include the cir- 
cumstances which lead to the onset of the 
Indian monsoon and the impact of Pacific 
sea-surface temperature anomalies on 
North American climate and the upwelling 
of cold water off South America, with its 
important effects on fisheries and global 
climate Unhke these latter phenomena, 
however, the Sahel drought has not been 
the object of coordinated measurements 
and intensive research The lack of activity 
1s all the more conspicuous 1n light of the 
enormous increase in the amount of 
climatic data acquired over Sahel in the last 
ten years 

Landsats 1, 2 and 3 have now provided 
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about ten years of uninterrupted 
observations over Sahel which can be used 
to estimate temporal changes ın the surface 
cover and in the albedo The man-made 
increase of albedo, impeding convection, 
has been put forward as the principal factor 
triggering the drought The energy balance 
over Sahel and its variation at different 
times ın 1978 and 1979 has also been suc- 
cessfully measured with Meteosat I 
Meteosat II has now become operational 
and will continue to provide infor- 
mation on cloud cover, and on ground 
albedo, surface temperatures and 
atmospheric water vapour over Africa and 
the Atlantic NOAA meteorological 
satellites are also giving daily coverage of 
meteorological parameters over most of 
the Earth But how can one get the people 
with this vast quantity of data talking to 
those who need the data? 

COSPAR (International Committee on 
Space Research) 1s keen to see how obser- 
vations from space can help resolve some 
of the fundamental issues ın the earth 
sciences and decided to sponsor a 
workshop on the Sahel chmate problem 
The OECD’s Club du Sahel, which 1s 
interested in the economic development of 
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the Sahelian countries, hosted the work- 
shop and ıt was held in Paris in January 

The Sahel drought of 1969-73 was not 
considered to be unique as there have been 
other long periods of severe drought, 
notably ın the 1910s and 1940s Detailed 
analysis of data from some 1,200 stations in 
Africa (S Nicholson, Clark University) 
suggests that the Sahel droughts related to 
rainfall anomalies on a continental scale, 
extending from southern Africa to just 
north of the Sahara desert, which charac- 
teristically persist for as long as 10 to 15 
years at a time Among possible 
explanations for recurrent long-term 
climate anomalies are the displacement of 
the Inter-Tropical Convergence Zone (for 
yet to be discovered reasons) and changes 
in global east to west air circulation 
patterns caused, ın part, by changing 
conditions over distant oceans (Indian, 
Atlantic and Pacific) leading to lack of 
moisture over the Sahel at the beginning of 
the rainy season 

The persistence of drought may ın part 
be caused by biogeophysical feedback 
mechanisms involving long-term changes 
in the heat balance of the Sahel, partly 
driven by changes in surface properties 
(such as albedo and soil moisture) 
Modelling studies (P Rowntree, British 
Meteorological Office) indicate that soil 
moisture in the Sahel may have a signifi- 
cant effect on the circulation of the atmos- 
phere and on rainfall over West Africa 
Analysis of Landsat data (M F Courel, 
IBM Scientific Center, Paris) indicates an 
increase in surface cover and a decrease m 
surface albedo over northern Senegalin the 
past eight years 

The amount of dust blown from the 
Sahara Desert over the Atlantic Ocean 1s 
enormous, ranging from 100 to 400 milhon 
tons a year, and making up as much as one- 
half of all the dust in the Earth’s 
atmosphere The dust may change the 
energy balance of the ocean-atmosphere 
system over the Atlantic considerably (T 
Carlson, Pennsylvania State University) 
and affect the climate of the Sahel and 
possibly of the whole world, although the 
precise magnitude of the phenomenon 1s 
not yet known pee | tectiene 

Scientists from COSPAR at the meeting 
recommended that intensive analysis be 
made of surface and radiosonde data from 
the Sahel and Central Africa for the past 15 
years Such data are available but have not 
yet been completely assembled and 
analysed Coordinated and intercalibrated 
analysis of satellite data from pre-drought, 
maximal drought and post-drought 
periods would give a better understanding 
of the mechanisms behind the onset of the 
drought, and its persistence ın 1969-73 
Over the past 10 to 15 years, satellites have 
furnished a large body of observations of 
the Sahel, neighbouring regions of Africa 
and the Atlantic from which information 
on cloud cover, dust, surface temperature, 
surface albedo, heat balance and soil 
moisture could be extracted The 
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COSPAR scientists also suggested that a 
field experiment m the Sahel, within a 
200 x 200 km area, be carried out to 
measure the vertical and horizontal fluxes 
of moisture and heat Such a field 
experiment, within the grid of a standard 
general circulation model, could be 
designed based on existing ground and 
satellite networks and would provide a 
critical test for the general circulation 
model. 

The scientists attending the meeting 
urged COSPAR, ın cooperation with the 
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World Chmate Program and the Club du 
Sahel of the OECD, to create an ad hoc 
working group to speed up implementation 
of these recommendations All the 
necessary ingredients seem to be there an 
enigmatic problem of extreme economic 
and social importance, the existence of 
large amounts of unanalysed data both 
from ground and space, and good scientists 
apparently available to start working on 
the problem Get the nght data to the nght 
people and we may actually begin to see 
what causes the droughts in Sahel O 


Meteoritics: evidence for chemical 
fractionation in the early Solar System- 


from Robert Hutchison 


CHONDRITES, the most numerous of 
meteorites, are stony types which have not 
been melted since they formed some 4 55 
Gyrago They are complex and contain not 
only minerals that formed at high 
temperatures, but also volatiles that seem 
unhkely to have condensed from a gas of 
solar composition unless the temperature 
was below 700K The siting of these vola- 
tiles has a bearing on theories of the forma- 
tion of the ordinary chondrites which, in 
turn, place important constraints on 
theories of planetary formation There are 
three main theories, explained below, of 
which the first two have the most 
supporters 

(1) When the various materials accreted, 
different proportions of volatile-rich 
fraction were included Different parts of 
chondritic parent-bodies were sub- 
sequently heated and metamorphosed to 
different degrees, but without loss of 
volatiles An unequilibrated chondnite, 
such as Tieschitz, thus contained, on 
formation, a higher proportion of ‘Holy 
Smoke’ (ultrafine-gramed, volatile-rich 
matrix) than a metamorphosed member of 
the same chemical group, such as Allegan! 

(2) Each chemical group of the ordinary 
chondrites had, on accretion, a uniform 
composition Heating and metamorphism 
occurred ın conditions where volatiles were 
lost, the loss being greatest ın the types 
subjected to the highest temperature? 

(3) A theory favoured by a minority, 
including myself and some of my co- 
workers, 1s that ordinary chondrites 
accreted when hot (1,070+ 100K) 
Volatiles were most readily introduced into 
the material nearest the surface, which 
cooled most rapidly3-5 No post- 
accretionary heat source 1s required 

It 1s clear that the first and third 
hypotheses lead to a theory of 
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heterogeneous accretion of planetary 
bodies, while the second favours 
homogeneous accretion Choice of the 
most plausible theory 1s obviously crucial 
to our understanding of the origin of the 
Earth and makes identification and 
separation of the volatile-rich fraction in 
chondrites of particular significance 

It 1s not surprising, then, that over the 
past two decades there have been many 
mineralogical and chemical investigations 
of chondrites aimed at deciphering their 
thermal and chemical histories ın the hope 
that part of the story of planetary 
formation may be pieced together 

Somewhat contradictory conclusions 
were reached ın three of the most recent 
contributions to this field Rambald: et al £ 
argued that in ordinary chondrites, the 
volatiles tend to be concentrated ın ‘Holy 
Smoke’, some of which may even be 
identifiable in chondrite types which 
equilibrated at high temperature In 
contrast, Ashworth”! identified ultrafine- 
grained, ‘non-clastic’ matrix as a minor 
component in a few highly unequilibrated 
ordinary chondrites only Finally, 
Christophe-Michel-Lévy? suggested that 
equilibrated ordinary chondrites accreted 
over a range of temperatures extending up 
to 1,270K, whereas an unequilibrated 
H-group chondrite accreted below 620K, 
only m this last case was fine, volatile-rich 
dust incorporated 

Part of the problem of these conflicting 
interpretations les in the strengths and 
weaknesses of the different techniques 
used Rambaldi et al é took samples of six 
ordinary chondrites and used freeze~thaw 
and/or gentle disaggregation followed by 
sieving to produce various-size fractions 
down to 008 um Instrumental neutron 
activation analysis was used to determine 
up to 24 elements 1n each size-fraction and 
further, as yet unpublished, information, has 
been derived from the electron microprobe 
and the scanning electron microscope (SEM) 

Ashworth used the high-voltage electron 
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microscope on 10n beam-thinned samples 
to identify minerals and examine textures 
at the submicrometre level, but detailed 
work is of necessity limited to very small 
areas Christophe-Michel-Lévy’s SEM 
approach looked at textures and minerals, 
with semi-quantitative chemical 
information on the latter, in essentially 
untreated fragments of meteorite Each of 
the three approaches provides useful 
information which cannot be obtained 
using the other techniques, the chemical 
data of Rambaldi ef al, cannot yet be had 
from single, sub-micrometre-sized grains 

Rambaldi et alé found that the finest 
size-fraction of each meteorite — that 
richest in ‘Holy Smoke’ —- was generally 
richest ın moderately volatile and volatile 
elements such as K, Zn and Sb, these 
fractions tended also to be enriched in 
refractory elements such as W and the rare 
earths This ıs true of the H5, equilibrated 
chondrite, Allegan, but, except for Zn, Ag 
and W, not true of the unequilibrated, H3 
Tieschitz And here hes the problem 
Although the distribution of the 24 
elements between the size-fractions may be 
explained ın general terms, difficulties arise 
with individual meteorites 

For example, Co, Ni and Fe are enriched 
in the finest fraction of Tieschitz relative to 
the two coarser fractions Rambaldi ef al é 
suggest that this may be due to the presence 
of a Ni-rich magnetite However, 
Christophe-Michel-Levy? found the 
finest-grained matrix to be mainly iron-rich 
olivine, and Ashworth® states that this 
‘dark matrix’ has ‘‘troulitic and metal-rich 
varieties’? Neither author found magnetite 
in Tieschitz It may be concluded, 
therefore, that Rambaldi ef a/ ’s finest sıze- 
fraction probably contains a mixture rich 
in olivine, metal and troilite, but with other 
phases too A further observation of 
Christophe-Michel-Lévy® helps clarify the 
reason why the rare earths La and Sm are 
depleted in the finest size-fraction of 
Tieschitz She noted that in this meteorite, 
phosphate 1s associated with Fe—-Ni metal, 
occurring largely as inclusions within metal 
grains Phosphate has also been found as 
tiny crystals ın cracks ın metal where it 
probably formed from P, expelled from 
metal, by reaction with O and Ca from 
neighbouring ‘dark matrix’ (A WR 
Bevan and R Hutchison, unpublished) 
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Phosphates concentrate rare earths, and, 
although the crystals are fine-grained, 
most (and most rare earths) probably 
would have been retained ın metal during 
the gentle disaggregation carned out by 
Rambaldi et al 6 

So what of ‘Holy Smoke’? Search for a 
carrier of volatiles in the ordinary 
chondrites essentially began in 1973. In 
that year, Anders’ group discovered that 
some whole meteorite samples of the 
brecciated H-group chondrite, Supuhee, 
are enriched in TI and Bi relative to CI 
chondrite!® For several reasons CI 
chondrites are taken to be our best 
available sample of unfractionated 
condensable Solar System material 
Enrichment of the volatile metals Tl and Bi 
m bulk Supuhee was therefore interpreted 
as indicative that a fraction must exist 
which 1s enriched in these metals by some 
hundreds of times relative to CI This 1s 
because Supuhee is composed mainly of 
high-temperature minerals and so the 


The aging of the brain 


from Patrick Rabbitt 


CONFRONTING an immanent future ın 
which one-fifth of the population of the 
developed countries will be aged over 65, 
delegates to a conference* on the aging 
brain need not lack large general questions 
to attack It is a comment on the present 
underfinanced and fragmentary state of 
research on aging that most papers were 
disjunctive presentations by research teams 
primarily known for their expertise 1n other 
areas None of these teams can yet afford 
to commit al] their resources to the 
systematic study of the aging central 
nervous system (CNS) For this reason 
there could be httle discussion between 
groups interested in psychology and 
behaviour, in neuroanatomy and 
physiology, ın neuroendocrinology, in 
neurochemistry and pharmacology or in 
animal models of aging 

Several important general problems of 
the aging CNS were illustrated, rather than 
illuminated, by the context in which they 
were raised D J Reis (New York) and his 
colleagues neatly pointed out the 
increasing variability in performance 
which occurs among aging animals This 
can be due to different rates of cell loss, 
both between different animals and 
between different areas of the same brain 
Alternatively, rates of loss may be constant 
across different brains and brain areas, but 
this loss may start from different ımtıal 
levels of neuronal density Or, of course, 
variability in performance may be due to 
interactions between both these factors 
Reiss and his group found differences in 


*The 10th Aharon Katzir-Katchalsky Conference on ‘The Aging 
of the Brain’ was held in Mantua, Italy on 26-29 March 1982 


volatile-rich fraction — termed ‘mystente’ 
— cannot occupy more than a few per cent 
by volume Anders’ group concluded that 
“‘mysterite’ represents a rare substrate on 
which Tl and Bı condensed at a late stage in 
the cooling of a solar nebula 

‘Mysterite’ or ‘Holy Smoke’ must, 
however, be widely distributed among 
ordinary chondrites. Tieschitz, for 
example, contains more Bi and as much In 
and Tl as CI? Dodd!! and others have 
shown that this stone contains only 8 per 
cent by volume of material with a grain size 
less than 100 ym, and ıt has already been 
stated®? that in this fraction most grains 
are of high-temperature minerals If water 
and carbon, with other volatiles, are 
concentrated ın the remainder of the fine- 
grained matrix, then this can constitute no 
more than about one per cent of the whole 
meteorite by volume It 1s the search for, 
and characterization of, this type of 
material that now looms large ın meteorite 
research! o 


local brain weight ın the caudate nucleus 
and the olfactory tuberule ın BALB and 
CBA mouse strains These differences 
correlated with differences in behaviours 
thought to be mediated by dopaminergic 
neurone systems ın open fields and in 
habituation to exploration of objects in 
dark slots ın a test box The strains also 
show different responses to amphetamine 
This raises the fascinating possibility that 
specific differences 1n particular parts of 
the brain related to the presence or absence 
of single genes, or groups of genes, provide 
a direct lnk between genes, brain anatomy, 
neurochemistry and behaviour The 
implications for relative cell loss with aging 
seem secondary to this important news 
For functioning human beings the most 
intriguing question about the aging of the 
brain 1s whether, individually or 
universally, we suffer a steadily 
accelerating loss of ability after some brief 
peak ın our early twenties or whether, more 
happily, we can look forward to a long 
plateau of optimal function followed by a 
mercifully sudden ‘terminal drop’ 
performance just before death which 
makes it irrelevant whether we have our 
wits about us or not L F Jarvik 
(University of California, Los Angeles), 
who has studied a particular group of 
people, including some monozygotic 
twins, since the late 1940s, 1s one of the few 
investigators in the world who has data 
bearing on this question She discussed 
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psychometric data on 35 of these people as 
their average age rose from 64 to 73 years 
and found, overall, no significant decline 
and, indeed, an apparent improvement on 
some sub-tests as ageincreased From 73 to 
84 years the picture was less encouraging 
and, when group mean scores were 
considered, all test scores declined 

This does not yet answer the question 
since group mean scores might decline 
because particular individuals within the 
group might become il and approach 
death just before testing, and the 
proportion of people showing such 
terminal changes in performance and 
contributing to mean scores would be 
certain to increase as the group aged 
Jarvik’s analyses of her data bore out this 
possibility Individual subjects showed 
httle or no decline ın performance through 
the seventies and into the eighties 
Moreover, abrupt declines ın performance 
in individuals were good statistical 
predictors of impending death Equally 
interestingly, elderly peoples’ self-rating of 


their own health status was also a good 
predictor of their actual future survival — 
as good as, but (perhaps disappointingly!) 
no better than, their physicians’ 
predictions 

All longitudinal studies are certain to be 
criticized because at the time when they 
yield their richest data the focus of 
scientific interest 1s bound to have 
changed One cannot, alas, time travel 20 
or 30 years to include cases or use tests 
which become crucial as the state of the art 
advances However, investment ın really 
adequate longitudinal studies need only be 
very modest Such studies are expensive to 
mitiate, but very cheap to run once they are 
begun Jarvik’s study illustrates, but does 
not resolve, the great simple questions 
about changes ın human efficiency with 
advancing age If we want to know more 
about our own personal futures, and about 
the futures of the societies we have to plan, 
no single investment can yield so much 
useful information for so modest an 
outlay 0 


Engineering organic molecular layers 


fromC W PittandIA Shanks 


SCIENTISTS and engineers are taking a 
renewed interest in thin films of organic 
materials deposited, molecular layer by 
molecular layer, by an unconventional 
process attributed to Irving Langmuir and 
Kathleen Blodgett and dating from the 
1930s Such films can exhibit a remarkable 
perfection of structure over large areas and 
as the successive monomolecular layers 
may be of the same or different materials, a 
kind of ‘molecular engineering’ 1s made 
possible 

Long hydrocarbon chain molecules, 
with a hydrophilic group at one end and a 
hydrophobic group at the other, can be 
made to form a continuous film by 
spreading them on a water surface The 
nature of the groups at the ends of the 
molecules ensures that one tip of the 
molecule is immersed 1n the water while the 
other remains ın the air A movable barrier 
which penetrates the water surface may be 
used to compress the film into a condensed 
layer exactly one molecule thick in which 
the oriented molecules are held together by 
van der Waals’ forces The film may then 
be transferred from the water surface on to 
a solid substrate by dipping the substrate 
through the surface and then withdrawing 
it whilst continuing to compress the film 
Repeating this process allows a multilayer 
film to be progressively built up 

The Langmuir-Blodgett (L-B) technique 


*A three day symposium of forty invited scientists and engineers 
was organized by the Rank Prize Funds to explore the sctence 
and optoelectronic applications of Langmuir- Blodgett layers 
The participants included both jumor researchers in the field and 
eight invited speakers from Europe, the US and the UK 


undoubtedly emerged at a time long before 
the technology to exploit its unique capa- 
bilities was available A recent three day 
symposium* made it clear that the situation 
has now very much changed Recent 
work has highlighted materials that have 
attributes which can be readily exploited 
when they are deposited as L-B layers 
Many of these material systems have been 
developed as modified molecular 
structures tailored specifically for this 


deposition technique. 
Typical of the molecular structures 
reported were the diacetylenes — a 


monomer/polymer system incorporating a 
conjugated triple bond which may be 
induced to cross-link using an electron 
beam or by UV or visible radiation 
Diacetylene films are being investigated as 
gate region insulators in indium phosphide 
field effect transistors and as layers in 
optical waveguiding devices Double bond 
molecules, such as w-ticosenic acid, have 
been deposited as very thin electron beam 
resists capable of defining lines less than 
600A wide, while even the simple fatty 
acids have found application, ın very pure 
form, ın modifying the surface properties 
of semiconductors used in Schottky barrier 
diodes and photodiodes 

A radically new approach to modelling 
biological membranes 1s also offered by the 
L-B technique The fluid bilayer of lipid 
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molecules may be simulated by a simpler 
structure fabricated from reconstituted 
purified natural membrane components 
and laid down by the L~B process Protein 
complexes, such as bacteriorhodopsin, can 
be ummobilized in such layers, simulating 
the natural system Possible applications 
of these biocomposite films include 
filtering solutions with chemically selective 
elements incorporated in the L-B layer 
Entirely synthetic membranes, such as 
polypeptide layers, have also been 
fabricated, although applications are less 
apparent at this stage 

A technique for retaining the interesting 
properties of non-amphiphilic molecules, 
while enabling L-B deposition, 1s clearly 
emerging, that of attaching a hydrocarbon 
chain and a polar group to an aromatic 
ring-type molecule Tetraphenyl- 
porphyrins, anthracene, perylene and 
pyrene were all reported as molecules 
which have been treated ın this manner 
Applications include tunnelling layers and 
electro-fluorescent display panels 

In addition to using these films ın device 
applications they are also of interest as 
investigative tools in the understanding 
of a wide range of other phenomena 
Examples are the use of manganese stearate 
monolayers to explore existing theories of 
two-dimensional magnetism and of 
monolayers of fatty acids and their salts to 
probe the mechanisms of the sliding 
friction between surfaces The similarity 
between L-B multilayers and liquid 
crystals has also been:noted and papers 
were given on the deposition and properties 
of n-pentyl cyanoterphenyl and other 
hquid crystalline materials E 
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100 years ago 


RARELY has so distinguished and 
representative an assembly been seen in 
Westminster Abbey as that which met to pay 
the last honours to Mr Darwin, on 
Wednesday last week The Abbey indeed was 
crowded The character of the long line of 
distinguished men who followed the honoured 
remains to the grave, may be seen from the list 
of pall-bearers -~ The Duke of Devonshire, 
the Duke of Argyll, the Earl of Derby, Mr J 
Russell Lowell, the American Minister, Dr 
W Spottiswoode, P R § , Sir Joseph Hooker, 
Mr AR Wallace, Prof Huxley, Sir John 
Lubbock, and the Rev Canon Farrar, Mr 
Darwin has been buried close beside the grave 
of Sir John Herschel, and within two paces of 
that of Sir Isaac Newton 

From Nature 26, 16, 4 May 1882 
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REVIEW ARTICLE 


Human body clocks and 
the timing of sleep 


Arthur T. Winfree 


Department of Biological Science, Purdue University, and Institute of Natural Philosophy, 
West Lafayette, Indiana 47906, USA 








The alternation of sleep and wakefulness in humans exhibits surprising regularities during long-term 
isolation from the usual time-of-day cues. The inferred domination of our consciousness and 
physiological states by internal clocks may soon have practical implications for medicine and 


psychiatry. 


% 





WE ALL fall asleep from time to time and no one seems to 
know why’* While obliged to adhere to a daily schedule of 
work and rest, light and darkness, most people go to sleep and 
wake again once a day at predictable times The regularity of 
this schedule ıs rmposed ultimately by the rotation of the whole 
Earth, but it turns out that rhythmicity persists even in the 
absence of any imposed schedule**! There are some intriguing 
regularities about the timing of sleep onset and the subsequent 
wake-up in these conditions of so-called ‘temporal isolation’ 
They reveal the presence of an internal clock with natural period 
just a little longer than the Earth’s rotation period Aschoff 
and co-workers were the first to recognize the influence of this 
clock on the timing of sleep and ın the daily rise and fall of 
body temperature” ê 1> There may even be two timers one 
1s a circadian clock with spontaneous period 24-25 h dominat- 
ing the rhythms of body temperature, plasma cortisol and rapid 
eye movement sleep, the other seems to have a longer period 
governing the ebb and flow of sleep and associated physiological 
rhythms such as growth hormone secretion? 


Prolonged temporal isolation 


Inferences about the number and variety of timers affecting 
our sleep habits are drawn from data similar to those of Fig 
1 Here we see the times of sleep (black) and waking (white) 
of an individual living without external time reference for 4 
months in a cave??? Figure 1 replots the original data in the 
TV-raster format now conventional the time axis 1s broken up 
into consecutive equal intervals (in this case, of 24 3 h) stacked 
from top to bottom The whole picture 1s then duplicated to 
the right to emphasize the continuity of time from the right 
edge of each 24 3-h interval to the left edge of the next 

The black bars would be stacked ın a vertical column if sleep 
and waking recurred at exact 24 3-h intervals They do not 
The intervals intermittently grow longer, shearing the stack of 
black bars to the right as 1t descends The raster plot in Fig 1 
conspicuously depicts a slow but relentless change of organiz- 
ation in the timing of sleepiness Czeisler*’ was the first to 
notice this ın a diversity of such records It appears that briefer 
records can often be assigned a place in a similar progression 
sleep onsets tend to recur at longer and longer intervals, while 
still preferentially occurring near the temperature minima 
(recurring at 25-h intervals) Near the bottom of Fig 1, sleep 
and waking alternate about once in every two cycles of 24 3 h. 
This phenomenon has been observed in humans at least since 
the cave experiments of Chouvet et al??? Isolated subjects, 
emerging from a month’s studious or meditative confinement, 
exhibit understandable perplexity, even disbelief, that the time 
has passed twice as fast as they reckoned. During these 2 1 
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intervals, one subject on average slept 19h at a stretch and 
stayed awake 31 hours before retiring again, never aware that 
his days were abnormally long Such individuals typically eat 
somwhat more at three meals between rising and retiring, but 
not enough more to prevent weight loss (E D Weitzman, 
personal communication) Needless to say, this was at first 
alarming to observers outside, responsible for the subjects’ 
well-being (ref 11, p 59) 

Whatever the reason for this gradual drift, it seems to have 
little effect on another regularity independently noted several 
years ago by Zulley**® and Czeisler?? Figure 2 shows the 
durations of many sleeps in three independent experiments in 
conditions of temporal isolation Sleep duration, plotted verti- 
cally, 1s arranged horizontally according to the timing of sleep 
onset relative to the temperature rhythm In Fig 2a, sleep onset 
is measured from the previous temperature minimum In Fig 
2b it 1s measured from a regression line through a long series 
of temperature minima found to recur on average every 24 9h 
In Fig 2c, using the data of Fig 1, ıt ıs measured from a 
regression line ata 24 33-h period, indirectly inferred to parallel 
the temperature rhythm In all cases sleep durations are shorter 
for sleeps undertaken later—but only up to a point sleeps 
undertaken too late after the temperature minimum abruptly 
become long again 

Our usual 8-h sleeps fall near the middle of this ramp There 
is some question about whether the smooth curve one might 
draw through the descending cloud of dots also rises to connect 
the cloud’s lower end to tts upper end this gap may be a 
discontinuity typical of rhythmically modulated threshold 
mechanisms”” There being few sleeps of middling duration (if 
any) that begin near this critical time, a gap devoid of wake-ups 
appears in the raster plot (shaded in Fig 1) There is no 
corresponding gap devoid of sleep onsets, nor do sleep dura- 
tions fall into any clear pattern when plotted against sleep onset 
time, nor can sleep onset time be anticipated with precision 
comparable to the anticipation of wake-up timing implicit in 
Fig 2 Sleep onset and wake onset seem to be governed by 
different principles 


Mathematical allegories 


A. variety of mathematical models have been postulated to 
describe the regularities noted above"! '* 13 7-34 For the present 
they remain more nearly computational metaphors than test- 
able deductions from physiological hypothesis However, the 
more sophisticated among them (see, for example, refs 18, 30) 
may soon prove useful in disentangling the relative contribu- 
tions of various possible cues to entrainment of human body 
clocks Without such cues, and without their somehow perturb- 
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ing the mechanisms of our internal clocks, we could not keep 
our habits synchronous with the day/night cycle. Such cues may 
include mere knowledge of time of day®? °? *°, light/dark transi- 
tions (ref 36 p 20, and refs 32, 37-40), compulsory sleep 
itself +233 36 37 4044 food and stimulants****, or even a young 
man’s delight to receive illicit daily letters from a young woman 
lab assistant while the professor was out of town (ref 11 p 36, 
and R Wever, personal communication) 


The supra-chiasmatic nuclei 


The physiological sources of circadtan timing seem to lurk 
somewhere in the central nervous system**”** Control of sleepi- 
ness/activity timing ın mammals probably resides ın a pair of 
tiny structures calleé the suprachiasmatic nucle: (SCN) ın the 
hypothalamus, astride the crossing of the optic nerves” ®? Only 
last year was an anatomical locus presented as the SCN in 
man? Single cells in this region respond to visible light in 
rough _proportion to the log of light imtensity striking the 
eyes®’** (The priméry visual areas, in contrast, respond mainly 
to spatial and temporal gradients of light intensity ) This 
absolute intensity information 1s conveyed along the retinohy- 
pothalamic tracts, identified in a wide variety of mammals 
(including primates but not yet ın man) They start in the left 
and right retinal ganglion cells and ramify (with mixing) in the 
left and right SCN? Stimulation of this pathway by hght or by 
electrical impulses does alter the firing of SCN neurones®’©* 
The aggregate firing of SCN cells increases and decreases 10- 
fold with circadian period in ostensibly constant conditions (ref 
67 andS T Inouye and H Kawamura, personal communica- 
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tion) In rats the metabolic rate of SCN tissue, assayed by 
2-deoxyglucose uptake also continues rhythmically in constant 
conditions" An island of SCN isolated from its neural sur- 
roundings in the rat still shows a persistent circadian rhythm 
of neural activity, while similar rhythmicity no longer occurs 
elsewhere in the brain® It follows that if there is no biochemical 
or thermal rhythm impinging on the neurally excommunicated 
SCN, then the SCN ın this species 1s indeed a self-contained 
oscillator 

Combining observations on rats and monkeys, we might 
conclude that sleep/wake timing 1s indeed governed by at least 
two independently competent clocks But no one yet knows 
whether both function in any one species, nor in particular, 
whether they do ın man 


Artificial light: too dim to cue 
human body clocks? 
Our internal clocks normally remain quite predictably syn- 
chronized to the 24-h period of environmental cues (and there- 
fore also to each other) The question of what constitutes a 
compelling cue 1s obviously of vital importance and ıs the subject 
of vigorous experimental investigations The anwers differ 
significantly from one species to the next Bright light may be 
a universal cue, its synchronizing role has been doubted only 
in the case of man 

Activity in the SCN suppresses release of melatonin from 
the pineal gland, so does visible light, presumably acting 
through the SCN A melatonin secretion rhythm seems to 
free-run in synchrony with core temperature (A J Lewy etal, 
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Fig. 1 Data”??? of digitized and reassembled double-plotted raster format following Czeisler”* Sleep time 1s indicated by a black line from 
left to mght, with successive 24 3-h intervals stacked from top to bottom This diagram ts really a cylinder of 24 3-h girth along which 


alternating intervals of sleep and waking are plotted along a helically 


wound time axis It is sht open and laid flat for the publisher’s 


convenience, the whole picture 1s replicated to the night, shifted up a line, to exhibit its continuity across the arbitrary slit line Notice the 
shaded range of phase in the 24 3-h cycle when spontaneous wake-up seldom occurs There 1s no corresponding range devoid of sleep onsets 





Nature Vol 297 6 May 1982 


in preparation) The immediate and immediately reversible 
effect of light on melatonin release thus provides one assay (as 
yet uncalibrated) for the impact of light on the sleepi- 
ness/activity timer 

Quantification of this impact has been sorely needed since 
the discovery’ that in certain conditions light may be a less 
effective synchronizer than social stimuli (in man)’ °°” Perlow 
et al” showed that room light inhibits melatonin secretion ın 
primates Do the several studies showing lack of comparable 
impact in humans reveal a basic neuro-anatomical or physio- 
logical change unique to humans? Richter’? presents these 
speculative matters from a rather different viewpoint, that 
people override their internal clocks with the aid of artificial 
light, supposing that artificial light 1s as good as sunlight for 
these purposes 

Lewy et al’*”* provide a first quantitative estimate of the 
impact of ight in man by monitoring plasma melatonin during 
exposure to light of various intensities The results suggest 
instead that humans are not altogether insensitive but rather 
only much less sensitive to dim light than are the primates and 
nocturnal rodents examined to date In particular, mtensities 
(about 500 lux) comparable to those of indoor artificial 
uluminants used ın experiments throughout the past decade 
have little or no effect on melatonin secretion The hght/dark 
alternations used in those experiments may have been 
dark/dark so far as the sleepiness timer 1s concerned 

Intensities of about 2,500 lux (more like outdoor sunlight) 
are effective in man If similar exposures are needed to phase- 
shift the circadian rhythm, it could clartfy much of the debate 
over man’s entrainment more by social stimuli than by the 
light/dark cycles that cue every other organism It also suggests 
an understanding of Klein and Wegmann’s observation” that 
the symptoms of 6 hours’ jet lag persist longer ın transatlantic 
passengers who retire to their hotel rooms to sleep ıt off, than 
in others imposed upon to go outdoors” 


Therapy for mood and sleep disorders 


In some individuals melatonin secretion 1s suppressed by dim 
light Lewy et al” report suppression by as little as 500 lux 
incandescent light ın four subjects who are peculiarly suscep- 
tible to manic-depressive alternations This observation 
enhances interest in recent conjecture” ’°*° that fluctuations 
of mood, including manic-depressive alternations, may be 
caused by abnormal mutual phasing of circadian rhythms Wehr 
et al™ have found that by deliberately advancing the 
sleep/wake rhythm by 6h relative to the temperature rhythm, 
they could sometimes abort depressive episodes ın one patient 
More recently ın another patient, Lewy et al*! precociously 
terminated recurrent winter-time depression by artificially 
lengthening the photoperiod 

Phase relations between sleep and core temperature can also 
be quite different ın individuals who for some reason are not 
normally responsive to the usual synchronizing cues? Among 
sightless individuals, those who do entrain show diverse phase 
angles relative to the civil and solar day**** Some sightless 
individuals, some recluses and older people living indoors with 
little social contact, and perhaps individuals with stronger cir- 
cadian clocks, sometimes retire and rise later and later every 
day like the tides Eventually, pursuing their solitary interests 
by might and sleeping by day, 180 degrees out of phase with 
surrounding society, they drift still later into synchrony again 
after another 2 weeks or so?’ (see Fig 3 for an example) 

All subjects fail to synchronize to scheduling at too short or 
too long a period relative to their own internal clocks. Wever?’ 
has exposed subjects in his temporal isolation facility to 
gradually lengthening (or shortening) days As their activity 
cycles shift with respect to the hght/dark cycle and their tem- 
perature cycles shift with respect to their activity cycles, they 
gradually become ‘early birds’ or ‘night owls’ This becomes 
noticeable subjectively only when their usual timing of waking 
or retiring transgresses a boundary of daylight However, when 


25 


the driving period becomes too extreme (beyond 22 or 27 h), 
both internal and external synchronization fail: neither core 
temperature fluctuations nor sleep/wake alternations follow 
the light/dark cycle, nor do they remain entrained to each 
other Curiously, the subject remains unaware of any change 
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Fig.2 a, Human sleep durations plotted against circadian phase 
(from ref 27) as described ın the text b, Asin a, with PRO1 data 
from ref 23, as described in text, the arrows mark approximate 
temperature minima c, Asin a and b but data from refs 21, 22, 
subject J C digitized and reprocessed following Czeisler*? The 
blank line mserted after 7 weeks represents transition to con- 
unuous dim hight for the final 80 days Note that the vertical and 
horizontal scales are not identical here 
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within himself he just thinks that the room lights are being 
operated capriciously'!*° 8? 

Some kinds of insomnia, previously dismissed as personal 
idrosyncrasy, seem to reflect treatable aberrations of the cir- 
cadian clock and/or the sleep/wake system A simple 
manoeuvre 1s reported’”** to cure the ‘delayed sleep phase 
syndrome’, estimated to afflict hundreds of thousands of people 
Some people’s sleep/wake rhythm, subject to rhythmic driving 
both by the internal temperature oscillator and by an external 
civil day, adopts an inconvenient phase relative to the civil day 
In the cases that come to clinical attention, both sleep and 
waking are tenaciously delayed about 6h relative to what ts 
usual for most people This makes ıt virtually impossible for 
them to hold any job that requires alertness in the morning 
However, by delaying three more hours each day for 6 days, 
one eventually arrives at the desired schedule and ıt remains 
stable long after termination of the phase-shifting therapy (Fig 
4) However, the problem recurs after working late, travelling 
too far westward too abruptly, or otherwise losing yet 6 hours 
more Then another 18-h delay must be arranged”°*’ It would 
appear that such individuals can travel abroad only by remaining 
on a home-base schedule during a brief excursion, or, if they 
must synchronize to the civil day abroad, by circumnavigating 
and crossing the International Dateline westward 


Daylight savings, jet-lag and shift work 


A small phase shift of this sort has been imposed on hundreds 
of millions of people twice annually since the implementation 
of Benjamin Franklin’s plan for daylight-saving tıme The pos- 
sible consequences were never considered and are not fully 
known Monk and Apln” recently found that the time of 
retiring adjusts immediately but that the time of awakening (or 
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Fig. 3 In the same format as Fig 1 but with 24 O-h girth, a 
recording of more orderly alternations of sleep and waking ın a 
non-~-blind individual who, nevertheless, does not synchronize to 
the 24-h world His own period waxes and wanes (the slope of 
the sleep-onset border varies) as his phase relation to the 24-h 
world changes (from ref 88) Note agam the shaded zone of 
no-waking in this man’s internal period, roughly corresponding 
to his temperature minimum 
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Fig. 4 The format ıs as ın Fig 3 Sleep 1s indicated by a black 

bar ın each of 110 stacked days During therapy, sleep was confined 

within the zigzag channel It retains the new timing with respect 
to the civil day (Adapted from ref 91 ) 


duration of sleep, see Fig 2) needed a week to adjust fully 
The advancing (springtime) shift was somewhat more difficult 
than the delaying (autumnal) shift, as might be expected a priori 
for a species whose internal clock already has a somewhat 
longer period than the natural day Much the same happens 
when we travel either east or west Travel by air compresses 
the phase shift into a single day After transmeridian flights, 
about one person in four reports some indisposition associated 
with resynchronization™* The abundant literature of jet-lag 
seems internally contradictory in many respects, and therefore 
suggests that individuals vary enormously in their reactions to 
diverse rescheduling stimuli Recent reviews??? agree that 
internal phase relations remain abnormal for up to a week 
Nearly all flight experiments indicate substantially quicker 
adjustment after westward (delaying) flights across as many as 
nine time zones, than after comparable eastward (advancing) 
flights The latter also result in a depression of temperature- 
rhythm amplitude for several days Duration of flight, whether 
outbound or homebound, the tıme of departure and change in 
wake duration do not matter for the subsequent course of 
resynchronization 

Both in laboratory isolation units and outside, the diverse 
physiological and psychological rhythms readjust at their 
diverse individual rates—even with some advancing and some 
delaying, most commonly when crossing 9 to 12 time zones’! °” 
In free-running conditions of temporal isolation, subjects do 
not preceive the jet-lag-like dissociation of their own internal 
rhythms Wever" ” reports that subjects even feel better during 
the prolonged dissociation he calls internal desynchronization 
These observations conflict with universal expectation that 
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derangement of internal timing should cause discomfort or 
damage I know of no unequivocal demonstration that this 
internal dissociation in itself causes trouble apart from the 
inconvenience of trying to sleep, eat or think quickly at times 
when either local society or one’s own body 1s not ready for it 
This latter discomfort 1s experienced by individuals who are 
out of synchrony with soctety but still internally synchronized 
This can be important shift workers include air-traffic control- 
lers, nuclear submarine and power-plant operators, emergency- 
room doctors and intensive-care unit nurses Greater error rates 
have been measured during shift work®*?®°'* Individuals 
whose temperature exhibits larger daily excursions tend to take 
longer to adjust to each shift! ° '°? This suggests itself as a 
selection criterion for individuals required to cope with frequent 
changes of scheduling 

What ıs the best procedure for hastening adaptation to a new 
schedule (assuming this 1s a good thing to do)? Advice seems 
unreliable but the best guess may be just to maximize the 
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Variations in the °C/"C ratio in trees are examined ın the light of a simple expression relating the relative isotope 
composition of plant material, 8}° to 82°, the atmospheric isotope value, Ca, the atmospheric CO3 concentration and c, 
the internal concentration of CO2n leaves The expression gives good agreement with 81° measurements where independent 
information on c, exists, such as seasonal growth, growth low in the canopy and ın conditions of low humidity. The 
expression provides possible explanations for two previously unexplained phenomena the absence of anticipated changes 


due to fossil fuel-nduced changes in 82’, and regional differences in 8;° trends 


THE isotopic composition of carbon stored in the growth rings 
of trees may represent a record of °C/*C variations in atmos- 
pheric CO, or of physiological responses to environmental 
changes, or a combination of both. In the first category, several 
authors’~ have attributed a decrease in “°C/**C im tree rings 
over the period 1850-1950 to an increasing component of 
3C-depleted CO, released into the atmosphere by imcreasing 
fossil fuel combustion, and/or by deforestation and expanding 
agriculture. In the second category, others” have sought an 
explanation of “*C/’*C variations ın tree rings through correla- 
tions with temperature Here there 1s normally an assumption 
of constant ‘°C/’*C ın the atmosphere, and a common, tem- 
perature-sensitive metabolic process within plants is implied 
In the third category, Mazany et al '° assumed *°C/??C in aur 
to be influenced by respiration from surrounding vegetation, 
which in turn responds to environmental factors such as tem- 
perature and water availability As in the first category Mazany 
et al, assumed constant fractionation in the carbon flow from 
the atmosphere to the biosphere 

We investigate here the applicability to tree-ring studies 
of a new, quantitative expression’’, relating the carbon isotope 
ratio in those plants having the most common C, mechanism 
of photosynthetic carbon fixation to the physiological properties 
of a leaf When applied to tree-ring sequences corresponding 
to the period of industrialization, the fractionation expression 
carries implications concerning the response of trees to increas- 
ing levels of CO, in the atmosphere 


Carbon discrimination in plants 


An expression” for 8}° of the photosynthate ın a C; plant ıs 
approximated in the form 


53 = 6, ~a-—(b—a)e,/c, (1) 


where ô}? 1s the fractional difference between °C/C in aur 
surrounding the leaf and that in a reference material, c, and c, 
are the CO, concentrations ın the external atmosphere and leaf 
intercellular spaces, respectively Furthermore, 


¢,=¢,—A/g (2) 


where A 1s the rate of CO, assimilation by the plant and g 1s 
the conductance of the boundary layer and stomatal pores to 
the diffusion of CO, The diffusivity of CO, in air 1s 4 4% 
less than that of ‘*CO., and this 1s the value of the constant a 
The value of b ıs determined by the isotopic discrimination of 


0028~-0836/82/180028-—-04$01 00 


the ribulose-1, 5-bisphosphate carboxylase enzyme, thought to 
be the main source of fractionation in C, plants’”, with magni- 
tude ~30% (ref 13) 

In the derivation of equation (1) the CO, concentration drop 
from the intercellular spaces to the chloroplasts 1s assumed to 
be small, and intrinsic fractionation in photo- and dark-respir- 
ation steps 1s assumed negligible In its application to tree rings, 
the fractionation associated with translocation, and with the 
conversion of the photosynthate to other chemical factions such 
as cellulose or lignin, 1s assumed to be relatively small and not 
influenced by environmental factors In the application of 
equation (1) in this article we assume that b 1s constant 

Qualitatively, this model ıs quite similar to those of Park and 
Epstein”, Troughton‘ and Grinstead? Progress towards a 
quantitative model has also been made independently”’ ’* but 
the ease of application of equation (1), 1s a significant advantage 
in interpreting carbon isotope behaviour in plants It 1s suppor- 
ted by the range of 55° values observed ın C, plants and by a 
correlation between 5;° and c,/c, in these species’? Further 
support ıs drawn from measurements of 65° and c,/c, following 
water stress’* and of the temperature”? *° and humidity”’ depen- 
dences of 63° ın growth chamber experiments 

Paraphrasing’’, factors which reduce CO, assimilation rate 
through effects primary on the mesophyll capacity for photo- 
synthesis (for example, very low light intensities, and deficien- 
cies of certain mineral nutrients) will increase c,/c, and reduce 
53°, factors which reduce CO, assimilation rates primarily 
through reduction of supply of CO, through the stomata (for 
example, large vapour pressure deficits) will decrease c, and 
increase 5; Note that in some situations a change ın an external 
parameter may affect both A and g in equation (2) with no 
marked effect on c,/c, and thus 85° (ref. 19) 


Discussion 


The possible relevance of equation (1) 1s explored with refer- 
ence to observations of a number of reported phenomena Note 
that because relative rather than absolute 8° values are dis- 
cussed, the term 53° 1s used at different times ın reference to 
different material (such as cellulose, whole wood, and leaves) 
We discuss (1) the seasonal variation in 53°, (2) the ‘juvenile’ 
effect in 63°, (3) correlations between 63? and regional ring 
width, temperature and precipitation, (4) variations of 63° 
within a tree, (5) the absence of a fossil fuel-induced depletion 
of ‘°C in Tasmanian trees, (6) regional differences ın long-term 
55° trends 
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Seasonal variations in 5,° 


Lowden and Dyck measured a 2-5% decrease ın 83° values in 
both maple leaves and grass collected from an exposed site in 
Quebec during May to September The seasonal (and diurnal) 
variation in ôi ın the free atmosphere obeys a simple atmos- 
phere biosphere mixing relationship” With typical 210 
ppmv concentration decreases from May to September at 
high northern latitudes, this implies a 52° increase of ~0 5%, 
far smaller and ın an opposite sense to the seasonal change ın 
53° Lowden and Dyck hypothesize that the 84° changes might 
be a direct consequence of changing photosynthesis to photo- 
respiration ratios 

Equation (1) 1s a quantitative description of such processes 
Whilst no information has been located on the seasonal varı- 
ation of c, in trees, there is ample evidence ın measurements 
on crop plants of c, creasing with age from peak photosyn- 
thetic rate to near senescence’? Typical increases are 20- 
50 p p mv, which in equation (1) for typical values of Ca, Ôa 
and b, imply 63° decreases of 24%, ın close agreement with 
the values of Lowden and Dyck ın both leaves and grass 

During initial leaf development A will be low and c, high, 
that 1s over the full growth season we might expect a rapid 
decrease in c, a levelling off, followed by the slow increase to 
senescence?’ If this occurs in Pinus radiata, then measurements 
of 1-2% changes in 6° within a ring of a New Zealand speci- 
men’? can be readily explained by equation (1) These indicate 
increasing ô$’ early in the growth season (1/6th of a ring width), 
with high or slowly decreasing 5,° over the middle (4/6ths of 
a ring), and a very low 63° ın the late wood (1/6th of a ring) 
The effect 1s measured 1n both cellulose and lignin, confirming 
a mechanism early in the sequence of CO, assimilation The 
trend of the ô$? change with respect to season 1s confirmed by 
measurements on early and late wood from Australian 
Athrotaxis selaginoides** (At these latitudes c, and 63° m the 
free atmosphere are practically constant throughout the growth 
season’ °*), In both cases the magnitude of the 53° change of 
1-2% 1s perhaps too large to be explained by temperature 
dependent fractionation process, or by local modification of 
§}°, but quite compatible with observed seasonal changes 1n c, 


The juvenile effect in 53° 


Steadily increasing 8%? values with time, often observed ın the 
innermost rings of a tree*’**°*°, have been attributed**’ to 
reassimilation of respired CO, which is retained within the plant 
canopy But this explanation has been questioned for trees 
which grew in relative isolation, and an age-related physiologi- 
cal factor suggested’? *° 

A step increase in 65° accompanying a step increase 1n ring 
width’? during early growth years, together with no 5,” increase 
in a well-exposed island tree", argue against an intrinsic age- 
related effect, and are qualitatively compatible with a “canopy- 
effect’ 

The close proportionality between 5,” and ca values observed 
in forest environments by Keeling**”° can be used to predict 
Ca levels some 40 p p m v above ambient, which must be main- 
tained on average during photosynthesizing periods, to produce 
the typical 2% magnitude of the ‘juvenile effect’ Studies ın a 
coniferous forest” (and O T Denmead, unpublished) and in a 
tropical rain forest*® show that during daytime CO, ın aur 1s 
generally depleted by <4 pp mv through most of the stand, 
higher concentrations only occur close to the forest floor Even 
in dense forests 61° 1s similar to that in background air**?° 
Periods of maximum photosynthesis generally coincide with 
periods of maximum instability and convective mixing in the 
atmospheric surface layer, whereas the value of 40ppmv 
above ambient represents night-trme conditions of extreme 
stability and dark-respiration in the Keeling data, and far 
exceeds any daytime value Normal selection of trees for 55° 
analysis minimizes those situations of extreme atmospheric 
stagnation which might favour significant '7C cyclic enrichment 
in trees?” 


While soil respiration may contribute to low 53° low in the 
canopy through 64° ın equation (1), changes in c,/c, offer an 
alternative, or at least a contributory, explanation At low 
irradiances rate of assimilation, A, and to a lesser extent, 
stomatal conductance, g, are reduced The net result 1s that c, 
increases”. In the extreme, as the irradiance drops near that 
level at which the photosynthetic rate ıs zero, c, approaches ca, 
the concentration of CO, outside the leaf On these grounds 
we expect low 5;° values at low irradiances. 

Measurements on wheat plants grown in well-ventilated con- 
trolled chambers under shade cloth (in 220 pE m’s"') when 
compared with similar plants grown in light levels of 
640 pE m~’s™* show a 2% reduction of 63° (ref 20), strongly 
suggesting that low light levels do produce ô}? changes of the 
sign and magnitude of the observed juvenile effect 

Shading ıs unlikely to produce an explanation for juvenile 
13C depletion ın isolated trees However, there are other exter- 
nal factors which affect the mesophyll capacity for photosyn- 
thesis and which could well vary during early tree development, 
for example, certain nutrient deficiencies, so that equation (1) 
provides a promising starting point for further research 


ô$ and ring width, temperature 
and precipitation 
The seasonal variation interpretation, plus interpretation of 52° 
versus temperature results from growth chamber measure- 
ments”? associate more positive 61° with faster assimilation 
rate, A Correlations of 65° with ring width by Mazany et al '° 
and Tans and Mook” associate more positive 63° with narrow 
rings and thus presumably slower assimilation rates 

The general response of trees in arid areas ıs for ring widths 
to be wide in wet, cool years and to be narrow ın warm, dry 
years, extreme water stress can cause stomatal closure and 
reduced CO, uptake as shown by Fritts Low humidity 
has been shown” to reduce g and c, so that in conditions of 
high temperature and low precipitation we could expect nar- 
rower rings, lower c, and, by application of equation (1), higher 
55°, as seen by Winter and colleagues’? Measurements on 
juniper leaves and twigs from a wide area of arid Arizona, in 
which more negative ô}? are associated with lower growth 
temperatures and higher precipitation“, are compatible with 
this 

A similar argument can be applied to the Mazany et al'® 
trees from the same area, however, they demonstrate a striking 
improvement in the 65° versus ring-width index correlation 
when a regional rather than individual ring width index 1s used 
This seems to be their major reason for favouring an explanation 
in terms of regional modification of the atmosphere by respired 
CO, (that 1s, good conditions are reflected ın vigorous regional 
growth, more respiration and an atmosphere with depleted 53°) 
The rapidity with which CO, mixes in the atmosphere, par- 
ticularly during photosynthesizing hours and in sparsely vege- 
tated areas?*? 4647 would seem to invalidate an explanation 
involving significant regional modification of ca 6;° values In 
the context of equation (1), the higher correlation with regional 
indices requires that changes ın average c, are primarily deter- 
mined by contemporary regional conditions whereas many fac- 
tors are known to determine individual ring widths The fact 
that 65° in the Dutch trees correlates inversely with ring width 
and directly with temperature and inversely with precipitation*”, 
as inferred for the Arizona trees, 1s suggestive that similar 
influences are at work 

A recent summary of 53° versus temperature coefficients 
indicates considerable complexity*® In general, the 6)° 
response in tree rings to environmental parameters such as 
temperature and precipitation might be expected to be complex 
if 65° 1s determined from equation (1) For example, growth 
chamber measurements on tree seedlings show how both posi- 
tive and negative ô}? versus temperature coefficients might be 
obtained, depending on whether the change is below or above 
the temperature corresponding to peak photosynthetic 
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activity’’?°, and the optimum temperature ıs different for 
different species Thus there may be both a species and a range 
dependence Added to this will be quite non-linear influences 
resulting from stress, the most obvious being stomatal response 
to extreme hot dry conditions This places great emphasis on 
site and species selection if 6;° in trees 1s to be used for 
environmental reconstructions 


Variations in 55° within a tree 


Several authors have drawn attention to variations of 5,° 
around the circumference of a ringt '°** 4? of magnitude 1-44 
Again it is difficult to explain the magnitude of this effect in 
terms of local modification of 63°—-previous measurements of 
ô}? versus c, (refs 24, 25) require large CO, gradients of 
20-80 ppmv to be maintained across a tree for the major 
portion of the growth periods It is especially difficult as these 
trees have generally been selected from positions of relative 
isolation 

For the same reason large differences due to a cyclic enrich- 
ment process?” are difficult to envisage The main evidence 
presented by Keeling for the cyclic enrichment process, 
effectively a comparison of maximum daytime 6)? values with 
maximum night-time c, values at various forest sites, can be 
explained by the seasonal variation in the large-scale atmos- 
pheric 63° values 

Variations ın stomatal conductance, g, for example due to 
differences in structure and shading in leaves’, or variations 
in leaf assimilation rate, A, due to shading’’, appear to offer a 
more realistic explanation through equations (1) and (2) For 
example, even though Wong ef al°° show that c, 1s approxi- 
mately constant in Eucalyptus pauciflora over a range of irradi- 
ances above 250 14Em*s~', the small changes observed are 
sufficient to imply 8$? changes of ~1% 


No fossil-fuel depletion of °C 
in Tasmanian trees 


Cellulose from eight Tasmanian trees”? exhibits a practically 
constant 6;° with time over the period 1750-1970 This 1s in 
contrast to the predicted decrease of 0 7-0 8% (refs 42, 51) 
There 1s even greater contrast if an additional large amount of 
CO, has been released as a result of forest clearing and agricul- 
tural practices*’ It does not reflect direct observation of a 62° 
change ın the atmosphere”? It also contrasts with a summary 
of most reported Northern Hemisphere ô}? measurements” 

The eight Tasmanian trees represent two species, and a wide 
range of environments (small island to extremely exposed 
mountain ridge) but with all sites sharing desirable features ın 
the context of monitoring global atmospheric CO, The areas 
are remote from large-scale industry and experience persistent 
winds off the southern ocean, enhancing mixing The seasonal 
variation in CO, 1s small and temperatures are stabilized by 
the surrounding (particularly upwind) oceans The very high 
and persistent rainfall (typically ın excess of 2,000 mm yr‘) 
imphes minimum water stress with 1ts corresponding effects on 
fractionation In a forest situation the selected species typically 
have most of their foliage at or above canopy level 

The absence of a 83° trend which reflects the anticipated 62° 
trend ın any one of the eight trees, requires an effect operating 
on a regional scale (2100 km) of similar magnitude but opposite 
sign to the fossil fuel signature in the atmosphere Equation 
(1) provides a possible solution without recourse to complete 
coincidence While the 63° decrease due to fossil fuel release 
is associated with an increase in Ca, the effect of increasing c, 
in the equation, all else being constant, 1s to increase 63° 

Physiological data on c,/c, 1n trees 1s scarce, and over the 
50-100 year time scale, 1s non-existent The strength of the 
present argument rests with the feasibility of the mechanism, 
when no alternative explanations exist Even those physiologi- 
cal experiments which suggest constancy of c,/c, 1n some plants 
over short time scales’, are of an accuracy which do not exclude 


the small changes necessary to reconcile the Tasmanian 6,° 
measurements with the anticipated 8}? changes due to fossil 
fuel combustion 

For example, combination of the predicted 8i? curve 
with the Tasmanian mean curve plus equation (1) implies 


[e,/cahiovo = 0 9[c,/calisz0 


42,51 


and thus 


Le.liov0 = [c.]is70 


In other words the trees have, to a first approximation, main- 
tained a constant c, This conclusion does not depend on the 
value of b, and depends only weakly on the 8}° value used 
The simplistic application of equations (1) and (2) implies either 
reduced stomatal conductance, g, or increased assimilation rate 
A over the 100 years of increasing CO, levels In view of the 
abundant water availability, the latter 1s favoured 

There are many complexities ın the real situation which must 
be better understood before the model for fractionation and 
the tree records can be used with confidence in this fashion 
However, we have illustrated a possible sensitive means of 
probing physiological behaviour over long time scales 


Regional differences in long-term 5,° trends 


A composite 65° curve from 26 European and North American 
trees shows a decrease of almost 2% from 1850 to 1975, which 
includes a slight increase between 1940 and 1960 (refs 4, 53) 
Several Northern Hemusphere individual trees**? have been 
reported with similar 5;° decreases up to around 1940-50, all 
in marked contrast to the practically constant 85° in the Tas- 
manian trees from 1850 to 1970 

Considerable caution ıs required ın attributing these differen- 
ces in 6}° to environmental differences on a hemispheric scale 
For example, the mean of four Dutch trees** decreases between 
1860 and 1940 by no more than 05%, with an increase of 
almost 04% from 1940 to 1970, overall these are not 
significantly different (in view of the scatter between individual 
trees) from the Tasmanian trees But the one other reported 
Southern Hemisphere tree-ring result’ 1s very different from 
the Tasmanian results with a steady 1-1 5% decrease from 
1890 to 1960 

The predicted change ın global 52° due to fossil fuel combus- 
tion of around 0 7-0 8% (refs 42,51) from 1750 to 1970 ıs 
equally incompatible with the 2% change of Freyer* as ıt ıs 
with the flat Tasmanian record In both cases the differences 
from the predicted curve are too large to be explained by 
measurement error A large additional release of CO, around 
1860 associated with an ‘agricultural explosion’ has been postu- 
lated to explain the larger 63° trends’ ’' 

Use of an 0 032% p p m v ~ biosphere-atmosphere mixing 
relationship observed”* between 1956 and 1978 as an upper 
limit to that applicable over the past 200 yr can be used to 
predict 1750 levels of atmospheric CO, considerably lower than 
the 270-290 p p m v typically employed ın global carbon budg- 
eting models (G I Pearman and I Enting, personal communica- 
tion) More realistic mixing over the 200-yr time scale comes 
from such models‘? °*, which include realistic air-sea fraction- 
ation factors, and these suggest a relative insensitivity of 63° 
to biospheric release Thus it 1s not obvious that the postulated 
explanation for the large 53° trends 1s valid 

The maximum latitudinal difference in 63° that can be maim- 
tained over decades 1s expected to be small For example, the 
current difference in annual average CO, concentration of 
3-4 pp mv from pole to pole*’, if assumed due to fossil fuel 
combustion, represents a 0 1-0 2% difference in 63° Keeling 
et al** measured a difference between North America and 
South Pole of <0 1%. in 1978, although results of Kroopnick 
et al*> in 1970, when corrected for seasonal effects indicate a 
0 5%. difference over a similar latitude range A recent two- 
dimensional and seasonal model of global carbon exchange 
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(refs 33, 56-58 and P. Hyson, personal communication), esti- 
mate a total change, 1850-1970, of ~0.2% between 50°N and 
50°S. Thus even if the Freyer‘ results do reflect a global 6! 
change, the conflict with the Tasmanian ô}? trends is about 
twice that discussed above. It is true that both cannot represent 
large scale 62° changes. 

It is equally unrealistic to suggest that regional or sub-canopy 
modification of 54° could explain the differences. This is because 
of the small magnitude of daytime 5}? differences from back- 
ground air in even quite dense forests****, and the wide vari- 
ation in ages, exposures, and species, of trees showing common 
trends**. The only possibility of reconciling all observations, 
seem to be in systematic variations in the fractionation of 
atmospheric CQ, as it is assimilated by trees. 

Drawing on examples and discussion above, possible 
examples of environmental influences on the fractionation pro- 
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cess in trees which operate locally, but on decadal to century 
time scales, include: (1) shading in developing forests, where 
individuals have significant subcanopy foliage; (2) nutrient 
depletion; (3) changes in assimilation rate resulting from 
regional temperature trends, or from interactions with changing 
atmospheric pollutant levels; (4) changes in stomatal behaviour 
resulting from trends in atmospheric pollutants or humidity. 

For tree-ring sequences over the past 50-100 yr it can be 
argued that 6,” is known to greater accuracy than c,/c,: using 
the fractionation expression, measurements of 8}? may become 
useful in plant ecophysiology. 
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We have used an in vitro procedure to direct nucleosomes to different sites on a chicken embryo tRNA gene. The results show 
that transcription of the tRNA gene depends on nucleosome position and in a functional promoter structure, the constant 
gene sequence TTCGA coincides with the nucleosome middle axis. 





EVIDENCE is accumulating that the chromatin structure of 
expressed genes differs in several respects from non-expressed 
genes'’*. As genes are associated with nucleosomes regardless 
of their functional state'*, the recognition of nucleosomes that 
have become specifically altered requires a higher level of 
programming such as exposure of a recognition DNA base 
sequence. The particular location of such a sequence within the 
nucleosome could serve as the structure that is recognized. Such 
a nonrandom association of nucleosomes with respect to DNA 
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base sequence is generally called ‘phasing’ although this term 
covers several different phenomena (for review see ref. 15). The 
limits of long-range phasing of regularly spaced nucleosomes 
and of sequence-specific nucleosome positioning have been 
discussed critically by Kornberg’®. It is possible that base- 
specific DNA binding proteins serve as a phase trigger for 
regularly spaced nucleosomes. In the assays normally per- 
formed, such nucleosomes would display a nonrandom asso- 
ciation with the DNA base sequence, unless due to inherent 





D 1982 Macmillan Journals Ltd 





32 


Nature Vol. 297 6 May 1982 


NL tNentttteNee annette ett 


inaccuracies of nucleosome spacing, the effect was not apparent 
within a short distance from the phase trigger’®. Recently, we 
have found such a short-range phasing of nucleosomes for 
several chicken embryonic tRNA genes'’. The tRNA structural 
gene sequence always begins ~20 base pairs (bp) inside the 
nucleosome core, and the phased association probably does not 
extend farther than about five nucleosomes. In one fragment of 
nucleosomal DNA investigated, in which a second tRNA gene is 
present in the same orientation as, but does not fit into the 
nucleosome phasing of the first, the phase seems to be re- 
adjusted for the second gene. A strikingly similar picture was 
obtained by investigators who performed a computer simulation 
of the above—they found that a sequence-specific DNA binding 
protein triggers the phase for regularly spaced nucleosomes 
positioned essentially at random’®. 

Our own view that the histones of the nucleosome cannot 
account for the phase relationship between tRNA genes and 
nucleosomes was supported in the early stages of the investiga- 
tions described here. Phasing could not be restored in 
nucleosome assembly experiments using cloned chicken embryo 
tRNA} genes regardless of whether isolated histones’, 
histone octamers’’ or nucleosome monomers served as the 
histone source”. Even when the cloned DNA was incubated 
before the addition of histones plus crude protein extracts to 
allow binding of sequence-specific proteins, the assembled 
nucleosomes were not phased. These results led us to hypo- 
thesize that the observed phase relationship between tRNA 
genes and nucleosomes may be established during replication, 
when DNA is newly packed into the repeating nucleosome 
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structure. Sequence-specific DNA binding proteins involved in 
the replication process” and/or stretches of single-stranded 
DNA (ssDNA)? may be the phase-triggering structures. The 
in vitro system used here, which is described only briefly (details 
will be published elsewhere“) allows a site-directed assembly of 
nucleosomes. Using this system we investigated whether a 
particular location of a regulatory gene sequence within the 
nucleosome structure was suitable for programming the 
expression of that gene. 

The DNA base sequences essential for promotion of tRNA 
gene transcription have been recently identified”. As in the case 
of genes encoding 5S RNA*°”’ these sequences are also located 
within the structural gene. They are split into two regions, one 
consisting of nucleotides constantly found in the dihydrouridine 
stem of mature tRNA, the other encoding the conserved loop 
sequence TTCGA of the tRNA pseudouridine stem. The latter 
sequence, which is the region of symmetry for a complementary 
palindrome’, is localized in vivo near the middle axis of the 
nucleosome in chicken embryo tRNA genes. 


The site-directed nucleosome 
assembly system 


The assembly extract used was a crude nuclear preparation of 
chicken embryos’’, consisting of two components, a soluble 
nucleoprotein fraction and a histone source. The former fraction 
was prepared by incubating nuclei at elevated temperatures in 
an alkaline buffer, followed by sonication at high salt concen- 
tration. The procedure was identical to that used for the initial 
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Fig. 1 a, Construction of circular DNA containing a ssDNA stretch (sssDNA). A 379-bp fragment was subcloned from sequenced chicken embryo nucleosome 
tetramer DNA containing a tRNA $” gene’’. Ligation of the fragment bearing Sau3A ends into the BamHI site of pBR322 restored a BamHI site at the upstream 
boundary of the fragment and left a Sau3A site at the downstream boundary. In the subclone used (pBR322 N4 Bam Sau) the (RNA gene is oriented clockwise with 
respect to the {RNA identical strand, Relevant restriction sites within the fragment are shown on a linear scale corresponding to the numbering of the DNA base 
sequence; restriction sites belonging to the plasmid vector are off the scale. Negative and positive nucleotide numbers indicate the respective distance from the 
original BamHI site of pBR322. Open box, chicken embryo nucleosomal DNA; solid box, tRNA structural gene; dotted box, 30-bp palindromic DNA (trimer of 
synthetic HindIII linkers). Dots indicate position of **P-label; cross-hatched boxes, nucleosome cores; helical band, plasmid DNA. b, Position of assembled 
nucleosomes with respect to the (RNA gene. Assembled nucleosomes were either partially digested with Staphylococcus nuclease alone, or with Staphylococcus 
nuclease followed by exonuclease III (single strands were trimmed with S, nuclease in the isolated DNA). Nucleosome tetramer DNA was isolated by agarose gel 
electrophoresis, and eluted from the gei“. One half of the DNA was restricted with Haelll, Ddel and BamHI, for the analysis of upstream fragments, then the other 
half was restricted with Haelll, Hpall and Sau3A to obtain the downstream fragments. Fragments >20 bp are single end-labelled radioactively (2.5 x 
1% c.p.m. pg’). Fragments were analysed on long sequencing gels. Assembled nucleosomes were also digested with BamHI, the restricted DNA isolated by 
Sepharose 2B chromatography and restricted with Haelll and Ddel. Fragments were analysed by agarose gel electrophoresis. I to IV, four sssDNA samples used for 
nucleosome assembly, Arrows labelled 8, E and B represent fragments generated by Staphylococcus nuclease, exonuclease HI and BamHI, respectively; T indicates 
the direction of transcription. Dots labelled S represent sequences cleaved preferentially (+) or with low frequency (—} in isolated DNA by Staphylococcus nuclease; 
+E indicates pauses of exonuclease IH on isolated DNA; N indicates the location of single-stranded nicks. Shaded area, original location of the ssDNA stretch in 
sssDNA repaired to double-stranded DNA during nucleosome assembly. Vertical broken lines, nucleosome middle axis. 
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Fig.2 a, DNA base sequence of the 379-bp subclone of a chicken embryo tRNA} gene. Broken line represents tRNA structural gene sequence; solid lines, 30-bp 
palindromic DNA. Vertical arrows labelled A and B indicate type A and type B insertions, respectively. b, Transcription of the tRNA” gene within randomly 
positioned nucleosomes. 1, Assembly extract minus sssDNA; 2, chicken embryo tRNA" and E. coli 5S RNA; 3, isolated DNA lacking 30-bp palindromic insertion 
(after incubation with assembly extract): 4, isolated DNA with type A insertion; 5, isolated DNA with type B insertion; 6, randomly positioned nucleosomes on DNA 
without insertion; 7, randomly positioned nucleosomes on DNA with type A insertion; 8, randomly positioned nucleosomes on DNA with type B insertion. The 
bands representing radioactively labelled tRNA precursors were cut out and quantified by liquid scintillation counting. Efficiencies of transcription (mol tRNA 
precursor per mol tRNA gene) are indicated by columns on a logarithmic scale shown beside the respective electrophoresis slot. A 25-yl nucleosome assembly extract 
was diluted to 500 uI with 100 mM KCI, 20 mM NgCl, 10 mM 2-mercaptoethanol, 10% glycerol, 50 mM Tris-HCI pH 7.9, and centrifuged at 4 °C in a type 25 rotor 
(Beckman Instruments) at 90,000g for 3h. The supernatant was pipetted off and immediately 100 ul of 100 mM KCI, 20 mM NaCl, 2 mM MgCl., 10 mM 
2-mercaptoethanol, 10% glycerol, 0.5 mM ATP, 0.5 mM CTP, 0.5 mM UTP, 50 mM Tris-HCI pH 7.9, were added and vortexed briefly. Of 0.25 pg sss DNA used in 
the assembly extract, at least 70% were recovered (as monitored by the **P-label in the 30-bp palindromic DNA) together with ~50 ug (5%) and ~2 pg (3%) of 
residual protein and nucleic acids, respectively, from the assembly extract. 12.5 yl of 250 uM [a-"*PIGTP (10 Ci mmol~') and 12.5 ul of partially purified RNA 
polymerase II (0.1 U, 20 ug protein) were added and incubated at 37 °C for 100 min. ‘Carrier’ plasmid DNA (5 ng) was added, and nucleic acids were deproteinized 
and precipitated, then dissolved in 25 ul of 1 mM EDTA, 10 mM Tris pH 7.4, and restricted with HindII to cut 2°P-labelled DNA (originating from sssDNA) into 
10-bp fragments, *°P-RNA was analysed on 6% polyacrylamide, 7 M urea gels (2 X 250 x 450 mm). Chicken embryo DNA-dependent RNA polymerase JII was 
purified as described elsewhere*’, and the material obtained after DEAE-Sephadex chromatography was used. c, S, nuclease hybridization mapping of transcription 
products. 1, Guanosine-specific partial chemical cleavage (G-ladder) of sense transcription probe from DNA without insertion; 2, randomly positioned nucleosomes 
on DNA without insertion, sense transcription mapping; 3, as in 2, but anti-sense transcription mapping; 4, G-ladder of sense transcription probe from DNA with 
type A insertion; 5, experiment IV, sense transcription mapping; 6, expt IV, anti-sense transcription mapping; 7, G-ladder of sense transcription probe from DNA 
with type B insertion; 8, expt VII, sense transcription mapping: 9, expt VIII, anti-sense transcription mapping. 1 ug of sssDNA was used in the assembly extract and 
transcription was performed in the presence of 0.5 mM GTP instead of **P-labelled GTP. After Hindili restriction, nucleic acids were precipitated and dissolved in 
25 pl of 80% formamide, 0.4 M NaCl, 1 mM EDTA, 50 mM PIPES, pH 6.8 containing 1 yg of **P-labelled DNA hybridization probe. Hybridization was at 55 °C for 
16 h. 250 plof ice-cold 200 mM NaCl, 1 mM ZnSO,, 25 mM Na-acetate pH 4.5 and 10 U of S, nuclease were added and incubated at 37 °C for 3 h. Nucleic acids were 
precipitated (5 yg of carrier tRNA were added) and analysed on a 10% sequencing gel. Probes for S, nuclease hybridization mapping were prepared from plasmids 
pBR322 N4 Bam SauA and pBR322 N4 Bam SauB, containing the 379-bp fragment of nucleosomal DNA (see Fig. 2a) with a type A and type B insertion, 
respectively. 
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solubilization of class I, I and II DNA-dependent RNA 
polymerases from chicken embryos”. A nucleosome monomer 
fraction comprising a mixture of core particles and nucleosomes 
(the histone H1 content being reduced to <20% compared with 
total nucleosome monomers’’) served as the histone source. As 
the chromatin was not digested with RNase before isolation of 
nucleosomes, considerable amounts of snRNA presumably 
complexed in snRNP” were also present (Chr. Elsner, personal 
communication). 

A suitable DNA fragment containing a tRNA$™ gene was 
subcloned from cloned nucleosome tetramer DNA”. The 
orientation of the fragment with respect to restriction sites of the 
pBR322 plasmid vector and the position of nucleosomes on the 
corresponding DNA in chicken embryo chromatin are shown in 
Fig. 1a. To generate ssDNA stretches of defined length and 
orientation, a 30-bp fragment of radioactively labelled palin- 
dromic DNA was ligated to the gene sequence and the DNA 
upstream and downstream from the ligation site was differen- 
tially digested with exonuclease III. The manipulated DNA was 
ligated to an acceptor plasmid and the ends of the single- 
stranded stretches were annealed via the 30-bp palindromic 
DNA. In the ionic conditions used in subsequent experiments, 
the annealed DNA (sssDNA) was stable up to 40°C. Oli- 
gomerization during ligation reactions was minimized and all 
recombined fragments had the same orientation within the 
acceptor plasmid. Moreover, a radioactive label was present ata 
defined site. The time course of the exonuclease II reaction was 
monitored by observing the disappearance of restriction sites, 
when the respective DNA base sequence became single- 
stranded. Several such sites were spaced in roughly 20-bp 
intervals or multiples thereof near the 30-bp palindromic DNA. 
As one restriction site always completely disappeared before the 
following one began to fade, the variation in length of the single 
strands at a given incubation time was <20 bp. 

For the site-directed assembly process, the soluble nucleo- 
protein fraction, the histone source and ssDNA were combined 
to give a highly concentrated solution. The amount of protein 
provided by the nucleoprotein fraction and the quantity of 
nucleosomes in the histone source were each equivalent to 
~5 x10’ nuclei. Compared with the total nuclear volume, both 
constituents were only 10-fold diluted; 10°'° mol of 
nucleosomes and <5x107'? mol of ssDNA were used in a 
standard assay. During incubation in the presence of the four 
deoxynucleoside triphosphates and ATP, double-stranded 
DNA was synthesized from ssDNA and concomitantly 
nucleosomes were assembled. The positions of the assembled 
nucleosomes were determined accurately using three comple- 
mentary methods**** (Fig. 1b). The nucleosome position map 
reveais that the middle axis of one nucleosome always coincided 
roughly with the midpoint of the ssDNA stretch in the ssDNA 
used. Single-stranded stretches longer than 120 nucleotides 
were degraded during incubation and if <40 nucleotides were 
single-stranded, the assembled nucleosomes associated 
randomly with respect to DNA base sequence. These data 
indicate that the stretch of ssDNA itself and/or a protein 
temporarily bound at about that position direct one nucleosome 
to a defined site. 


tRNA gene transcription within 
randomly positioned nucleosomes 


The soluble ribonucleoprotein fraction of the assembly extract 
should provide at least 0.02 units per assay of DNA-dependent 
RNA polymerase III (1 unit incorporates 1 nmol UMP into 
RNA in 10 min using calf thymus DNA as template”), but no 
such activity was detected in a complete assembly extract, and 
partially purified RNA polymerase III was soon inactivated 
when added to the extract. Therefore, after nucleosome assem- 
bly we removed most of the components of the assembly extract 
by brief ultracentrifugation. This did not yield a pure pre- 
paration of assembled nucleosomes but the added RNA poly- 
nerase III was now active. The concentrations of protein and 
DNA in the transcription assay were over one order of magni- 
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tude lower than in the assembly extract whereas the final 
concentrations of buffer components were the same. Higher 
Mg”* concentrations led to precipitation of the assembled 
nucleosomes, and Mn?” as the divalent cation did not allow for 
specific transcription. The amounts of RNA polymerase III 
added provided enzyme saturation. 

To evaluate transcription experiments, the reference used was 
transcription of randomly positioned nucleosomes; these were 
obtained by incubating double-stranded circular DNA with the 
reconstitution extract. The DNA either had no palindromic 
insertion or the 30-bp palindromic DNA was inserted into 
restriction sites for Alul (type A insertion) and Hinfl (type B 
insertion), respectively (Fig. 2a). These templates within 
randomly positioned nucleosomes were transcribed by the 
added RNA polymerase III into several discretely sized RNA 
molecules (Fig. 2b) but there was no apparent mature tRNA 
synthesized. Nevertheless, several tRNA precursor samples 
were identified by S, nuclease hybridization mapping” (Fig. 2c). 

DNA lacking a palindromic insertion was transcribed to give 
three kinds of tRNA precursors denoted P1, P2 and P3; these 
amounted to 22.5% of total RNA synthesis, at a ratio of 3:6:1, 
respectively. Efficiency of transcription was low, only 1 in 10 
tRNA genes being transcribed in 100 min. The precursors each 
began at the first guanosine residue of the sequence AGGC?, 
which is repeated 10 (P1), 21 (P2) and 33 (P3) bp in front of the 
tRNA structural gene. Assay of randomly positioned 
nucleosomes containing the type A insertion revealed that P1 
and P2 were 30 bp longer, P3 was not detected, and another 
precursor (PO) was predominant (the ratio PO/P1/P2 was 
6:2:2). PO starts within the tRNA at the 5’ end of the 30-bp 
palindromic insertion which gives in this position the sequence 
AGCCA; again the guanosine nucleotide is the initiation site. 
The amount of precursors synthesized was 9% of the total RNA 
synthesis; ~4% of the tRNA genes were transcribed in 100 min. 
Type B insertion DNA within randomly positioned 
nucleosomes was transcribed with the same efficiency as if no 
insert were present. PO could not be detected and P2 was again 
the preferred precursor. Isolated DNA alone of any of the three 
types was not faithfully transcribed by RNA polymerase III. 


tRNA gene transcription depends 
on nucleosome position 


A strikingly different picture was obtained when the tRNAs” 
gene was transcribed within site-directed nucleosomes. Four 
nucleosome positions were assayed which differed with respect 
to the sequence TICGA. The four template situations were 
assembled using sssD NA and type A as well as type B insertions 
(Fig. 3a). TTCGA was either located near the border of a 
nucleosome (templates I and V); in the linker DNA (IJ and VI); 
~20 bp from the nucleosome middle axis (IH and VID; or very 
close to the middle axis (IV and VIII). Transcription of tRNA 
precursors was heavily suppressed in templates I and V (Fig. 35) 
although total RNA synthesis corresponded to randomly posi- 
tioned nucleosomes. Only 0.5% (I) and 2.5% (V) of the tRNA 
genes were transcribed. In contrast, when TTCGA was located 
close to the middle axis of a nucleosome (IV and VIID), tran- 
scription of tRNA precursors showed dramatic increases of 
30-fold for template IV and 85-fold for template VII, 
compared with corresponding control experiments using 
randomly positioned nucleosomes. This is equivalent to one and 
eight rounds of transcription, respectively, for each tRNA gene. 
The predominant precursors were PO for type A insertion DNA 
(IV) and P2 when type B insertion was used to construct ssDNA. 
When the nucleosome middle axis was shifted only 20 bp to the 
right or left of the TTCGA sequence (experiments IH and VID 
the transcription of tRNA precursors decreased by one order of 
magnitude, (this in turn demonstrates the accuracy of the 
nucleosome position analysis). Location of TTCGA in the 
nucleosome linker DNA yielded elevated precursor transcrip- 
tion with the type B insertion only. The amounts of tRNA 
precursors transcribed were varied over two orders of magni- 
tude by site-directed assembly of nucleosomes. The tRNA” 
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B, type B insertion of 30-bp palindromic DNA: broken arrows labelled S 
and A, hybridization probes for sense and anti-sense transcription mapping, ATE ARSA 
respectively; arrows labelled PO, P1, P2 and P3 represent mapping of tRNA ALLL 
precursors; vertical broken line, nucleosome middle axis; vertical arrows 
indicate location of TTCGA sequence. b, Transcription of the tRNA” gene PITE TEA 
within site-directed nucleosomes. 1, Assembly extract minus ssDNA; 2, SAIL IILLLLEELLS SER TELOEL ELRES, 
chicken embryo tRNA} and E. coli SS RNA, respectively; 3, expt I; 4, expt 
I, 5, expt HI; 6, expt IV; 7, isolated DNA from expt IV; 8, expt V; 9, expt 
VE; 10, expt VIE; 11, expt VIII; 12, expt VIN, ¢; of sample applied to 
electrophoresis; 13, isolated DNA from expt VIII tRNA gene transcription 
was quantified as for Fig. 2b. A sheet of Whatman 3 MM paper was placed 
between the gel and film covering the area below band X for 2-6 and 8-12 
{see also slots 6-8 in Fig. 2b). This allows better photographic documen- 
tation of the intensity range of tRNA precursor bands by improving the 
; signal-to-background ratio in the relevant area of the gel. 
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gene investigated was most efficiently transcribed when the 
sequence TICGA was associated with the nucleosome middle 
axis. 

To validate these interpretations, we performed two control 
experiments (Fig. 4). First, after transcription, an aliquot of the 
transcription assay was routinely digested with restriction 
endonuclease BamHI. The enzyme should cause cleavage if its 
site is located in the nucleosome linker DNA whereas cleavage 
should be suppressed if the site is associated with the 
nucleosome core (see Fig. 3a). DNA was purified and then 
restricted with Sphl, which cleaved once in the acceptor plasmid 
downstream from the chicken embryo DNA (see Fig. la). 
Positive BamHI restriction in assembled nucleosomes yielded a 
radioactively labelled 591-bp fragment after subsequent Sph] 
restriction. In the case of suppressed cleavage, the circular DNA 
was just linearized by SphI restriction. 

Another aliquot of the transcription assay was digested 
extensively with Staphylococcus nuclease to analyse the amount 
of radioactive label (residing in the 30-bp palindromic DNA) 
that could be recovered in the nucleosome core DNA. 
Autoradiographs of the respective fragments separated by 
agarose gel electrophoresis are shown in Fig. 4a. Obviously, 
BamHI cleaves template VIII but not template V. The strong 
band of radioactively labelled nucleosome monomer DNA 
indicates that in both templates the 30-bp palindromic DNA 1s 
associated with the nucleosome core. Taken together, these 
constitute good evidence that nucleosomes are still in position 
after transcription, Liquid scintillation counting of the excised 
agarose gel bands revealed that at least 90% of the nucleosomal 


Fig, 4 a, Screening of q y 
nucleosome positions after 
tRNA gene transcription. V 
and VIH refer to the respec- 
tive nucleosomal templates 
(see Fig. 3a}. 1, 10 wl of tran- 
scription assay restricted with 
BamHI; 2, 201 of tran- 
scription assay restricted with 
BamHI, 3, lpi of tran- 
scription assay digested with 
staphylococcal nuclease. Lin, 
linearized DNA; NI DNA, 
nucleosome monomer DNA. 
For BamHI _ restriction, 
aliquots of the transcription 
assay were diluted to 50 pl 
with 150mM NaCl, 10mM 
MgCl, 5mM_ 2-mercapto- 
ethanol, 10 mM Tris-HCI pH 
7.9. BamHI (10 U) was added 
and the suspension incubated 
at 37°C for 30 min with brief 
vortexing every Smin. 
Nucleic acids were depro- 
teinized and restricted with 
Sphl. For Staphylococcus 
nuciease digestion, aliquots of 
the transcription assay were 
diluted to 50 pul (equivalent to 
5x10’ nuclei ml!) with 
0.25mM EDTA, 20 mM Tris 
pH 7.9, and preincubated at 
37% for Imin ipl of 
SO mM CaCl, and 1 wl (1 U) 
of Staphylococcus nuclease 
were added and incubation 
continued for 20 min, Nucleic 
acids were deproteinized and 
separated on a 1% agarose 
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templates used belong to the depicted population (Fig. 3a). If an 
unrecognized fraction representing <10% of the material, 
although having a pronounced effect, were the template, the 
efficiency of transcription would increase to unrealistic values” ’. 
We also consider it unlikely that small amounts of ssDNA 
stretches, persisting after site-directed nucleosome assembly, 
were the active templates. Templates VI and VII were tran- 
scribed with equal efficiency although the coding strand of VI 
and the noncoding strand of VII, respectively, had to be 
rendered single-stranded for site-directed nucleosome 
assembly. 

The second control experiment was designed to elucidate 
further the proteins forming the template. To do this, quan- 
titative amounts of nucleosomes were isolated from the 
template region. Although several restriction sites seemed suit- 
able to excise the nucleosomal templates by cutting within the 
respective upstream and downstream nucleosome linker DNAs, 
only BamHI was active in the transcription assay. Therefore, a 
subclone was constructed containing an additional BamHI site 
instead of the downstream Sau3A site. Type VIII templates 
were assembled, incubated for a short period in transcription 
assays and the excised dimer nucleosomes were purified after 
BamHI digestion. The yield of protein from 50 such assays (each 
containing 1 wg of sss DNA) was in the range expected for the 
dimer nucleosomes (~3-5 ug). SDS-polyacrylamide gel elec- 
trophoresis clearly showed (Fig. 4b) that the four nucleosome 
core histones are the predominantly extracted protein fractions. 
If other proteins were present in molar concentrations of only 
half those of the core histones, they would be detected on the 
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gel. The gel was dried using DEAE-paper and autoradiographed. Polyacrylamide gel electrophoresis of proteins extracted from the transcription assay and from 
purified nucleosomal template VIII. 1, Proteins extracted from 15 pl (600 yg protein) of a complete nucleosome assembly extract (25 yl). 2, Total protein 
extracted from a transcription assay containing a type VIII nucleosomal template. 3, 1.5 ug of the nucleosome monomer preparation (0.7 ug of core histones) 
serving as the histone source in the site-directed nucleosome assembly system. 4, Tota! protein extracted from the purified dimer nucleosomes of type VIII 
nucleosomal templates. Type VIII nucleosomal templates were assembled using sssDNA with a second BamHI site instead of the Sau3A site (see Fig. 1 legend). 
These templates were incubated in transcription assays at 37°C for 15 min, the MgCl, concentration was adjusted te 10 mM, and the suspension digested with 
10C U of BamHI at 37°C for 30 min with brief vortexing every 5 min. Fifty such assays were pooled and dialysed extensively against 20 mM KCI, 1 mM EDTA, 
§ mM Tris-HCI pH 7.9. Samples {1 ml) were layered on to 6-30% (w/w) linear sucrose gradients and centrifuged in a SW41 rotor at 150,000g for 15 h. Fractions 
containing the dimer nucleosomes of interest (identified by the radioactive label residing in the 30-bp palindromic DNA) were recovered, extensively dialysed 
against H,O and lyophilized. Proteins were extracted by incubation in 2% (w/v) SDS, 3% (v/v) 2-mercaptoethanol, 0.1% (w/v) phenyimethylsulphonyl fluoride, 
10% {v/v} glycerol at 95°C for 5 min. Proteins were separated on a 5-20% (w/v) polyacrylamide linear gradient gei using as buffer 50 mM sodium phosphate, 


0.1% (w/v) SDS. The gel was stained with Coomassie brilliant blue, R-250. 
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Fig. 5 Functional tRNA 
gene promoter structure. 
DNA of the nucleosome core 
is shown against a shaded 
background, P1, P2 and P3 
represent initiation sites used 
in vivo; PO^, P1” and P2® are 
initiation sites in assembled 
nucleosomes containing type 
A and type B insertion DNA, 
respectively. P3? is not used 
for initiation. 


gel. Thus, the protection against nucleases which produced the 
corresponding nucleosome position maps (Figs 1b and 3a) could 
not be effected by proteins other than histones. 

Nevertheless, additional proteins are required to promote 
efficient transcription of the tRNA gene within the assembled 
nucleosomes. The transcription assay contained a hetero- 
geneous mixture of proteins although it was partially purified 
from excess reconstitution extract and histone source to allow 
for RNA polymerase III activity (Fig. 46). However, so far any 
attempt to purify the nucleosomal template further drastically 
reduced transcription efficiency. When the RNA polymerase III 
preparation was added to a finally purified template such as the 
one used for the protein analysis above, faithful tRNA gene 
transcription was not observed. We are now investigating which 
components of the assembly extract and transcription assay are 
ultimately required using immunological methods. 


Conclusions 


The construction of sssDNA requires the insertion of a 30-bp 
palindromic DNA fragment into the tRNA gene. The influence 
of this insertion on transcription efficiency had to be elucidated 
before the effect of different nucleosome positions could be 
interpreted. In this context we have found that insertion of 
unrelated DNA into the 5’-end region of the tRNA gene (type A 
insertion) decreases transcription of the gene, whereas the 
corresponding insertion is tolerated near the middle of the gene 
(type B insertion). These results are consistent with recent data 
on consequences of sequence substitutions within a tRNA“ 
gene”. 

The three tRNA” precursors observed were not processed 
to mature tRNA in the in vitro system used. We cannot exclude, 
however, the possibility that precursor P3 alone represents 
initiation of transcription and that P2 and P1 are equivalents of 


processing steps? "0, 
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The model“ in Fig. 5 shows the three-dimensional aspects of 
a functional tRNA gene promoter. The in vive location of the 
TTCGA sequence within nucleosomes for chicken embryo 
tRNA genes is identical to the most efficiently transcribed 
template of nucleosomes assembled in vitro. In both cases the 
TTCGA sequence—the region of symmetry for a 5-bp 
complementary palindrome—is associated with a region of 
symmetry of the nucleosome core, that is, the middle axis in 
two-dimensional schemes. We assume that this structure is 
primarily recognized by RNA polymerase III, as a deviation 
from the coincidence of TTCGA with the nucleosome middle 
axis decreased transcription of the gene. Location of TTCGA 
near the middle of the nucleosome linker DNA may have an 
equivalent function (see template VI) although this situation was 
not detected in vivo. The preferred in vive initiation site, P2, and 
PO“, the incorrect but preferred initiation site with type A 
insertion DNA, are located near to the TTCGA sequence. 
However, the distance to TTCGA is not the main selection 
principle, as with type B insertion DNA transcription starts 
predominantly at P2? and not at the closer P1® site. The 
orientation of P2” with respect to the next nucleosome, which is 
similar to that of P2 in the first nucleosome, may be the reason 
for its selection. As we observed no initiation at the hypo- 
thesized P3” site, P2? may also represent the farthest possible 
distance from TTCGA. The distance between P1 and P2*, 
where initiation sites should principally be located, provides 
sufficient space to tolerate introns in tRNA genes” “04, (In a 
recent paper” a figure shows two cloned tRNA‘ genes 
containing introns. From the established sequence we now 
consider these introns to be artefacts because they are dupli- 
cations of acceptor stem and dihydrouridine stem sequences. 
They probably originate from the tRNA gene enrichment pro- 
cedure which involved repair synthesis of double-stranded 
DNA by E. coli DNA polymerase I. Moreover, we were unable 
to isolate tRNA™™ genes containing introns from a chicken 
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DNA library (gift of J. D. Engel), although genes corre- 
sponding to the one described in the present article were 
detected.) 

We have shown that the functional state of a tRNA gene can 
be programmed by nucleosome positions. The conserved short 
DNA base sequence TTCGA which occurs too frequently in the 
large chicken genome to have any functional significance, is 
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The galaxy NGC5128, better known as the powerful radio 
source Centaurus A, is a puzzling object appearing as an ellip- 
tical galaxy crossed by a dense lane of dust and gas. Its structure 
and evolution are not well understood, although this object is 
quite near (we shall adopt 5 Mpc following Burbidge and Bur- 
bidge’), bright, and has been widely observed in the past few 
years. We have obtained the first complete velocity field of the 
ionized gas in NGC5128, with a 10-kms`™* precision, from 
Perot—Fabry interferometry with the ESO 3.6-m telescope. It 
shows that the gas is rotating in a thick disk (~1 kpc thickness), 
without any evidence of the perturbations expected from the 
encounter of an elliptical and a spiral galaxy. Our observations 
favour the hypothesis of the evolution of a spiral galaxy in 
which the formation of the disk is very late compared with the 
bulge. 

The velocities in this object were first studied by Burbidge 
and Burbidge’ with a slit spectrograph and a 2-m telescope. It 
was then observed by Sersic’ with a 1.5-m telescope, using slit 
spectrography (mainly for the kinematics of the elliptical com- 
ponent through absorption lines) and Perot-Fabry inter- 
ferometry (in Ha line) for the kinematics of the gas. Eventually 
Graham? made a good study of the rotation of the gas and of 
the motions in the elliptical component with a slit spectrograph 
attached at the CTIO 4-m telescope. 

The more recent photometric study by Dufour et al.* gives 
mainly photometric parameters of the elliptical component, the 
gas being more difficult to study because of the high inclination 


and thickness of the disk, and because of the great quantity of 
dust. 

Our study of the gas in NGC5128 has been made through a 
narrow bandwidth filter (15 A FWHM), centred at 6,575 A, 
isolating the Ha emission line of the ionized gas. Comte and 
Georgelin took Ha plates of the galaxy with a focal reducer 
and an image tube attached at the ESO 3.6-m telescope. Four 
interferograms of the object taken with the same device and a 
Perot-Fabry interferometer (see Table 1) gave interesting infor- 
mation on the morphology of the ionized gas and particularly 
the kinematics of the gas. They provide the first complete 
velocity field of the ionized gas in this object. 

A preliminary analysis’ suggested that the gas is approxi- 
mately distributed in a disk inclined at ~75° with respect to 
the line of sight; the temperature of this ionized gas being quite 
normal as shown by the relatively thin interference lines (<1 A 
wide) which indicate no peculiar turbulence’. 

Such an observation suggests that NGC5128 is not the result 
of a collision in which a spiral galaxy would have merged into 
an elliptical galaxy as has been often suggested. The following 
complete analysis of the velocity field of NGC5128 confirms 
this opinion, 

Another interesting detail is the detection of three bubble- , 
like H 1 regions’ of ~200 pe in diameter (assuming that the 
galaxy is at 5 Mpc). This is quite comparable with bubble regions 
observed in nearby spiral galaxies such as M31 (ref. 7), M33 
(ref. 8) or NGC925 (ref, 9). 

Concerning the morphology of the galaxy itself, we obtained 
a striking image by viewing simultaneously on a screen a Ha 
plate (projected through a red filter) and a visible plate (projec- 
ted through a green filter). The two components of the galaxy 
are quite distinct: the old elliptical component appears as a 
yellow ball, while the surrounding gas and dust show up vividly 
in red and black. The plates used for this composite image are 
I 1864 (40-m in exposure) and I 1886 (30 s exposure), see Table 
1. Due to our very narrow Ha interference filter (15 A FWHM) 
and our fast aperture ratio, f/2 with a 3.6-m telescope, the H 1 
regions are much clearer than on the colour photograph 
obtained by Dufour et al.*’° with a larger Ha filter (54 Å 
FWHM) but with a slow aperture ratio, f/10 with a 1-m tele- 
scope. This is especially true a long way from the nucleus where 
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Table I Pla 


i UUO 


Plate 


39. 


te material 





Perot~Fabry No. of velocity 


Exposure Focal “interference points per 
no, Date (min) Emulsion Filter reducer order) Quality interferogram 

11864 12.02.78 10*, 40* IllaJ (B), N3 Ha (15 A) f:19 No Very good 

11881 4.04.78 150 098.02 (B), Na Ha (15 A) f:0.95 1051 Good 135 

1 1886 5.04.78  0.2*,0.5*,1.5*  IHaJ (B), N3 Orange (wide)  f:1.9 No Good 

11887 5.04.78 90% HIaJ (B), N, Ha (15 A) f:19 1051 Very good 288 
11888 5.04.78 60* Ilaj (B), N; Ha (15 A) f:19 1051 Good 241 

1 1889 5.04.78 60* HIaJ (B), No He (15 Å) f:1.9 1051 Good 214 


* With RCA image intensifier, 


one can see nothing but dust on their photograph (image tubes 
were used by both teams). 

The measurement of the four interferograms gave about 900 
velocity points which were averaged in 210 squares of 15 arcs 
a side on the sky (see Fig. 1). The aim of averaging the velocity 
points is to reduce the internal dispersion of the measurements 
and to facilitate the drawing of the isovelocity lines. In each 
square we computed the dispersion of the measurement (not 
taking into account the dispersion inside each single inter- 
ferogram), which gives an idea of the expected precision for 
the value of the radial velocity. We then computed the statistical 
error, for each square, defined as s/n where n is the number 
of interferograms in the considered square. The average of the 
statistical error indicates a mean precision of 11 kms™ on the 
whole velocity field. This allows us to draw the isovelocity lines 
with a 30 kms" step. 

The general design of the velocity field (see Fig. 2) is quite 
comparable with the velocity field of spiral galaxies such as 
M83 (NGC5236) (ref. 11), NGC7793 (ref. 12), or NGC253 
(ref. 13) (although there is evidence for non-axisymmetric 
motions in the central parts of this galaxy, possibly due to a 


weak bar). This supports the idea that the ionized gas is laying 
in a disk, as already suggested from the elliptical shape of the `> 
distribution of the H 11 regions’ and from the colour analysis’. __ 
The superimposition of all of our interference fringes on the _ 
same picture also indicates that the disk is inclined to roughly 
75° with respect to the line of sight. This last method is very. 
powerful for the Ha detection because of the high contrast it 
offers'*, about 1,000 times the contrast of a 250 A wide colour 
filter. Nevertheless, both morphological and kinematical points ; 
of view rule out the possibility of a cylindrical structure as as 
suggested by Rodgers and Harding’’. Furthermore, there is no 
evidence of strong non-circular motions in our velocity field. 
However, near the minor axis the isovelocity lines are not 
exactly perpendicular to the major axis, their inclination sug- . 
gesting some accretion (if one considers that the northern side _ 
of the disk is nearer than the southern one, as clearly shown i 
by the dust lane appearance). | 

The most noticeable perturbation in our velocity field is at 
~1 arc min west of the nucleus and can be explained by a strong 
thickness of the gaseous disk which would be mainly concen- 
trated in a thick belt surrounding the elliptical component. The’ 
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Fig. 1 Velocity measurements in NGC5128 averaged in squares of 15 arcs side. Four different sizes of figures are used, depending on how 
many interferograms (1, 2, 3 or 4) are averaged in a given square. The position of the nucleus is indicated (dotted circle) also with reference 


stars. 
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Fig. 2 Isovelocity lines superimposed on a Ha photograph of NGC5128. These lines are eye-estimates from Fig. 1, taking into account 
the weight of the data. 


location of the maximum velocity gradient in this zone indicates 
that we are looking at gas ~ 1 kpc above the mean plane of the 
disk, this gas masking the underlying disk. Such an extension 
of matter out of the mean galactic plane is confirmed by the 
morphology of the galaxy where one can see dust high above 
this plane silhouetted on the elliptical component. ‘This would 
also explain the velocity anomalies stressed by Méllenhoff’’. 
However, we could not confirm the superposition on the line 
of sight of objects with different radial velocities mentioned by 
some observers”””. 

Another interesting detail is the straight chain of dust and 
H 11 regions stretching along 2 arc min from the nucleus towards 
the south-east. This chain also seems to be out of the mean 
plane (because it is silhouetted in front of the elliptical com- 
ponent while the nucleus is seen slightly under it when looking 
at the disk from above, with north down) and may be connected 
to the western part mentioned above. When studying the rota- 
tion curve of the disk, the assumption that it is flat would 
diminish the velocity gradient in the central part of the galaxy 
because the gas along the major axis is masked by gas above 
the plane. This gas being out of the plane of the disk, and away 
from the major axis, indicates slower radial velocities than 
expected on this line of sight and hence apparently slower 
rotation velocities. This remark will be helpful when analysing 
the rotation curve in the first 2 arc min from the nucleus. 

Taking into account the squares lying within 33° (in the sky) 
of the major axis we obtain the rotation curve of Fig. 3 where 
we also plotted Graham's points’. The agreement is fairly good 
between the two sets of data. The parameters giving the least 
dispersion for our points are close to Graham's parameters, 
From these data we have found: inclination of the plane of the 
galaxy with respect to the plane of the sky, i = 73°+ 3°; position 
angle (PA) of major axis = 127°+5°; systemic velocity Vs = 


545 kms '+5kms_' (while Graham’ found, respectively, i = 
73°, PA = 125° and Vs = 548 km s`’). 

These last values of inclination and position angle of the 
major axis agree well with previous works'**'°, The main 
problem concerns the systemic velocity for which Burbidge and 
Burbidge’ found 605 kms‘, Sersic? 462 kms~', Kunkel and 
Bradt!” 508kms’, Mdllenhoff'® 602kms. Our result, 
545kms"', is in very good agreement with the most recent 
papers of Graham’, 548 km s™°, or Whiteoak and Gardner’ 
who find 551 km s~ from H I observations. 

Up to 4 arc min from the nucleus the symmetry of the two 
quadrants of the rotation curve is pretty good. Beyond 4 arc min 
we have almost no information for the southeastern quadrant, 
although we observe (somewhat lessened) the same tendency 
as Graham. That is, we see an increase of the velocity gradient 
in the outer part of the disk, which is probably due to matter 
moving out of the mean plane. Between 4 and 7 arc min in the 
northwestern quadrant the velocity gradient seems, in contrast, 
to diminish rapidly. Despite the small number of points avail- 
able there, it seem probable that the rotation curve reaches a 
maximum between 5 and 7 arc min. The dashed line of Fig. 3 
indicates a maximum rotation velocity Vm =352 kms" at r= 
5.35 arcmin. This symmetric curve is a least square fitting 
polynomial (of the third degree) obtained from our points within 
20° of the major axis to which we added the two outermost 
points given by Graham’, also with our outermost point (this 
last point is in fact at 52° from the major axis but it is in very 
good agreement with Graham’s outermost points’), Although 
their weight is rather poor and they may be out of the mean 
plane of the disk, it is the only way of extending our rotation 
curve beyond 4 arc min. 

Following the method of Burbidge ef al.™ this least square 
curve indicates a mass M =0.9x10" Ma to 1.0x10''Mo 
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within 4 arc min and a mass M = 1.8 x 10° Moto 2.0X10"Mo 
within 7 arc min, depending on the excentricity of the ellipsoids 
used in the model. This value is smaller than the rough estimate 
3x10''Mo given by Graham’ from Kepler’s law applied to the 
outermost points. 

We have tried a more sophisticated method developed by 
Monnet and Simien” in which a model galaxy is built up from 
two components: an elliptical bulge and a flattened disk. This 
model shows that the bulge generally gives rise to a very steep 
velocity gradient near the nucleus, while our observed rotation 
curve surprisingly looks like a pure disk rotation curve, thus 
suggesting at once that we are dealing with a massive disk and 
a rather light bulge. The photometric parameters used for the 
spherical bulge were those given by Dufour et al.* (equivalent 
radius r,=305 arcs with a surface brightness op, (r.)= 
22.94 mag arcs’, which gives a luminosity I, = 44.1% 6 pe^. 
For the disk we used the photometric parameters given by 
Freeman” from Sersic’s isophotes (r,=336arcs, I= 
34.Lo pc’), although, because of the great quantity of dust and 
because of the high inclination these parameters are not very 
reliable. 

Assuming a constant M/L,=S5 for the bulge, which is the 
value expected for such an elliptical component”””” we find a 
theoretical rotation curve for the buige alone where the gradient 
near the nucleus is five times the observed gradient, with a 
maximum of more than 300 kms! near 1.5 arcmin, before 
slowly decreasing. Comparison with Fig. 3 shows that the dis- 
crepancy between this model and the observations is much too 
high, evenif we take into account the projection effect men- 
tioned above, which would lessen the gradient in the inner part 
of the curve. Values of M/La between 1 and 3 for the bulge, 
comparable to what is found in globular clusters*’, are far more 
acceptable when comparing the model with the observations. 

Eventually we found a satisfactory fit with an average M] La ~ 
2 for the bulge and M/L,~30 for the disk, which is rather 
high but seems acceptable for a spiral galaxy”. From the total 
luminosity of each component we thus deduce a total mass of 
1.1x10''Mo for the bulge, 8.2x10''Mo for the disk and 
9.3 10''Mo for the galaxy as a whole. An intermediate sol- 
ution with a varying M/L, for the bulge (from 1 at the centre, 
up to 5 around 5 arc min) and a constant M/L,~15 for the 
disk could give a better fit, but it is not very realistic to assume 
a varying M/L» for such an homogeneous stellar population. 
The mass would be then around 2x 10''Mo for the bulge and 
4x10 Mo for the disk, thus giving a total mass around 6x 
10''Mo. The result remains much greater than our first esti- 
mate, based on the rotation curve, mainly because it relies on 


Fig. 3 Rotation curve of 
NGC5128. @, Our velo- 
city points within 20° from 
major axis which have 
different sizes, depending 
on their weight on Fig. 1; 
©, our velocity points 
between 20° and 33° from 
major axis; A, Graham's 
velocity points. The 
dashed line is a least 
square fitting curve (see 

text). i 
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the outermost photometric data and hence takes into account 


a much greater part of the galaxy down to the sky background. 

Note that, in any case, the disk component is found to be 
more massive than the elliptical component, while the bulge is 
much more luminous. 

We will now try to review briefly some of the different 
hypotheses concerning the possible evolution of NGC5128. 
(1) The encounter of an elliptical and a spiral galaxy is strongly 
suggested by the two clearly different populations (an old stellar 
population in a bright elliptical bulge and a young stellar popula- 
tion, rich in gas and dust, in a disk). The main problem is that 
there is no evidence for the encounter, such as strong erratic 
motions in the gas. Furthermore, there is no significant 
difference between the systemic velocity we found for the disk, 
Vs = 545 kms -*+5 km s™*, and the velocity found by Graham? 
for the elliptical component, 536 kms *+30kms™. Also, 
there is no trace of the nucleus supposed to have belonged to 
the spiral galaxy as Dufour et al.* emphasize. Then it is surpris- 
ing that the main axis of the slightly prolate bulge (PA = 35°)* 
and the rotation axis of the disk (PA = 37°) are the same, within 
2°. At least there are many other comparable galaxies having 
a prolate spheroid as a bulge, which suggest that they are a 
peculiar type of object rather than the result of an encounter. 
For example: NGC5363, NGC1947, Cyg A and PKS1934 — 63 
(ref. 24), NGC2865S (ref. 25) (the Spindle galaxy) and NGC612 
(ref. 26) which is a radiogalaxy quite similar to NGC5128 in 
both radio and optical wavelengths. 

(2) There are fewer objections to accretion of a gas cloud by 
an elliptical galaxy than there are for the above hypothesis. 
Furthermore, as already mentioned by Graham, the huge dust 
lane on the eastern side of NGC5128 seems to indicate the 
direction of accretion of matter coming from outside of the 
disk plane. However, the accretion of a primeval gas cloud can 
hardly explain why there is so much dust and why the Hu 
regions are as metal rich as normal H I! regions of spiral 
galaxies*, Furthermore, this hypothesis would imply a peculiarly 
favourable accretion angle to make the main axis of the disk 
and bulge coincide as well. An interesting model of accretion, 
studied by Tubbs”, supposes that the mass of the disk is 
negligible, which is far from being the case as we have seen 
above. 

(3) We prefer the hypothesis of a normal spiral galaxy (with 
late formation of the disk) of SO or Sa type, composed of a 
bright bulge and a thick disk. This disk is still under formation, 
undergoing accretion of dust and gas and slowly settling down. 
Larson’s theory” on the evolution of elliptical and spiral 
galaxies could help explaining such an object if one assumes 
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that the protogalactic cloud was very large with a high density 
at its centre. 

In the Larson’s hypothesis*® of a two-phase structure the 
dense clouds will rapidly form stars in a spheroidal component 
(which may be prolate as showed by Gott and Thuan”), while 
the less dense intercloud gas will take a long time to settle to 
a disk and form stars. The continuing formation of this disk 
could explain the activity of NGC5128 and the associated 
powerful radiosource. 
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Exoelectrons, those electrons in energy levels of solids which 
are not fed by normal conduction mechanisms, have been 
detected at the surface of various materials’. Emission of 
exoelectrons may occur during mechanical stress’, chemical 
reaction’, or on heating’ or irradiation by photons of suitable 
energy”. Thermally stimulated exoelectron emission gives rise 
to so-called glow curves, in which the emitted current goes 
through a maximum as the temperature is increased. Robertson’ 
has suggested that an electric field may stimulate exoelectron 
emission in an analogous manner to thermal and photo 
emission. We describe here experiments which demonstrate the 
phenomenon of field stimulated exoelectron emission (FSEE), 
and discuss its relation to steady-state emission. 

Electron emission from borosilicate glass under the influence 
of a strong electric field was first demonstrated by Hibbert and 
Robertson®’. The emission current was continuous, noisy, of 
low intensity, and occurred from discrete ‘active sites’ on the 
glass surface. Further work® revealed that the total current is 
made up, in part, of fluctuating bursts from the active sites, 
whose characteristics are similar to each other. We have ob- 
served that on applying a high voltage to the glass emitter, a 
pulse of electrons is emitted, after which the steady-state 
emission is recorded, We suggest that the initial pulse of elec- 
trons is due to FSEE. 

The apparatus (Fig. 1) for detecting FSEE was an evacuated 
(10°* Pa) chamber containing a clean (trichloroethylene, 
chromic acid, distilled water), cylindrical Pyrex glass emitter 
surrounded by an earthed nickel gauze having 80 spaces per 
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Fig. 1 Apparatus for detecting FSEE. E, emitter; G, nickel 
gauze; C, channel plate, F, focusing electrodes; S, phosphor 
screen; P, photomultiplier. 


inch. The field at the surface of the glass for an applied voltage 
V is: 


E = Ve,/[rye2 in (r1/ro) t rE: in (ra/7) 


where rẹ, r, and r, are the internal and external radii of the 
glass tube, and the radius of the nickel gauze respectively. £; 
and ¢, are the relative permittivities of glass and a vacuum 
(e, = 4.8). For ro =5.5 mm, 7, =6.5 mm and r.=9.5mm, E = 
370V Vm. The range of voltages applied in these experiments 
was 3-15 kV. Electrons which passed through the gauze were 
detected by a channel plate electron multiplier (Mullard 





Fig. 2 Emission pattern of 13 mm diameter glass tube showing 
2.5mm diameter central area. Field at surface 2.59 MV m`’. 


G40/25) and a pattern of the emission from a section of the 
glass surface was displayed on a phosphor sereen. A photomulti- 
plier detected the light output from the screen. By suitable 
masking and focusing, the emission from a single active site 
was recorded. The photomultiplier output was calibrated and 
found to be proportional to the emission current in the range 
studied. Steady-state emission followed a Schottky-like 
equation’: 


[=Nexp[-(@—-aE')/kT] 


where N and a are constants (experimentally a =1.8x 
10°*eV V m”), k is Boltzmann’s constant, E the electric 
field strength, (= 0.97 eV) the energy difference between the 
electron levels and the vacuum level in the absence of an electric 
field, and T the absolute temperature. Exoelectron emission 
was studied by applying a voltage step to the glass emitter, and 
following the time development of the emission current on an 
oscilloscope. In addition, a ramped voltage was applied in an 
attempt to produce a glow curve of exoelectrons. 

Figure 2 shows the steady-state emission pattern at 7kV 
from a section of the borosilicate glass emitter. On stepping 
from OkV to the operating voltage each site showed a pulse 
of brightness which was recorded on the oscilloscope (Fig. 3). 
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The height of the current pulse was dependent on the recovery 
time from switching off the previous voltage step. For a recovery 
time of < 100 ms no exoelectron emission could be detected: 
~ 10 s was required for the pulse to be restored to its maximum 
height (Fig. 4). The height of the pulse increased with both 
applied voltage and temperature. Such pulses were detected at 
the lowest voltage of 3 kV. A ramped voltage (0 V to 10 kV at 
300 Vs") gave no glow curve. We attribute this to the ease at 
which exoelectrons are emitted by electric fields and the 
existence of a steady-state emission current which would mask 
any glow curve. 





Fig.3 Oscilloscope trace of the photomultiplier output of a burst 
of electrons from a single site, on stepping the emitter voltage 
from 0 V to 15 kV; 1 division on time axis = 0.5 s. 


The connection between the exo and steady-state emission 
is still to be fully determined. Although steady-state emission 
may come from discrete energy levels in borosilicate glass® 
(there being no recognized conduction electrons), because of 
the slow, activated replenishment of exoelectrons, it is unlikely 
that the two types of emission occur from the same levels. 
Exoelectron emission has also been shown to depend strongly 
on surface conditions, and may disappear entirely i in ultra-high 
vacuum’. Steady-state emission from glass is, however, main- 
tained in ultra-high vacuum’. 

In conclusion, the pulse of electrons observed on applying a 
high voltage appears to be of exoelectrons; they are weakly 
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Fig. 4 Electron burst, measured as the height of the oscilloscope 

trace, as a function of the recovery time before a voltage step of 
10kV. 
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held at the surface, and are only slowly replenished after 
emission. It should now be possible to investigate exoelectrons 
from other materials by the voltage step method. In particular, 
metals used as catalysts may be studied by this technique. 
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Isotopic variations in oceanic ignedus rocks provide impo tant 
constraints on models of oceanic mantle structure. Of partic 
interest is the global negative correlation between *’Sr/°S 
Nd/'“Nd, which has been used to estimate ‘bulk è 
values’ for *’Sr/**Sr, °’Rb/**Sr and ‘“*Nd/'*Nd. Simple twos 
reservoir models have failed to explain all the isotopic vari- 
ations, however, because of the complicated trends in Pb 
isotopes’, This has led to suggestions that recycled. oceanic 
crust or sediments must be considered in these models”. We 
report here the results of helium isotopic analyses in basaltic 
phenocrysts from the islands of Gough and Tristan da Cunha. | 
Because basalts from the islands lie near bulk earth on the 
Sr-Nd correlation diagram’, the study was initiated to charac- — 
terize the helium isotopic signature of this component. Whereas 
the “He in mantle gases is mostly primordial, the “He is primarily 
radiogenic, having been produced by decay of aiU, U and’ 
Th. High *He/*He ratios in igneous rocks therefore indicate 
primordial volatiles’”"'. We believe that the present results are 4 
inconsistent with the notion that the mantle beneath Gough 
and Tristan da Cunha is primitive or undepleted relative to 
mid-ocean ridge basalt (MORB). Helium isotopic results on 
basaltic glasses and phenocrysts from the rift zone of Kilauea 
confirm the previously reported high values from this area’*, 
We also report new analyses from Loihi Seamount (40 km 
south-east of Kilauea), which does seem to be derived from a 
more primitive source. When these data are combined. with 
values for MORBs (from ref. 16) and plotted with respect to 
*"Sr/"°Sr, the observed trends offer insight into the different 
source regions for oceanic island basalts and the nature of 
mantle heterogeneity. 

As sub-aerial basalts are largely degassed, they are of little 
use in the analysis of magmatic gas. This contrasts with MORB 
glasses, which are quenched rapidly enough on the ocean floor 
to trap substantial quantities of the magmatic gas'’’*. Kaneoka 
et al.'*, however, have shown that the olivine phenocrysts from 
Kilauea basalts trap some of the magmatic gases that existed 
during crystal growth. The present results confirm the high 
*He/*He ratios they reported for Kilauea phenocrysts, and we 
extend the approach to basalts from several other islands. 

The samples were lightly crushed in a steel mortar, sieved, 
and the phenocrysts in the 20-40 mesh size range were separ- 
ated by ‘Frantz isodynamic’ separation and hand-picking. 
Glassy samples were handpicked to exclude alteration, oxide 
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crusts and non-vitreous chunks. Because the vesicles in sub- 
marine basalts can be a source of gas loss, chips >2 mm in size 
were selected". After sonic cleaning, 1-2 g of the phenocrysts, 
or 400-500 mg of glass, were placed in a stainless-steel vessel 
designed specifically for in vacuo crushing’”. The details of the 
gas mass spectrometry are similar to those reported earlier’, 
except that the released helium was purified and expanded 
directly into the mass spectrometer, which resulted in a lower 
procedural blank (1.0-2.0+0.3x10°° cm’ STP “He with 
atmospheric *He/*He). Due to the small sample size, variability 
in the blank is the primary contributor to the experimental 
uncertainty (see Table 1). 

Strontium isotopic analyses of several of the samples were 
performed using techniques that have been described else- 
where’. The measured °’Sr/**Sr ratios for Loihi Seamount 
samples KK 20-4 and KK 23-3 were both 0.70358 + 0.00002, 
and Staudigel et al.” reported a value of 0.70358 + 0.00004 
for sample KK18-8. Gough Island samples ALR 26G and ALR 
41G had °’Sr/**Sr ratios of 0.70527 + 0.00004 and 0.70521 + 
0.00005 respectively; the Prince Edward sample WJ21E had 
a ratio of 0.70305 + 0.00004. These values are reported relative 
to an Eimer and Amend standard value of 0.70800; the errors 
are 2a for in-run statistics. 

The helium results are reported in Table 1 for phenocryst 
samples from Tristan da Cunha, Gough, Prince Edward, Jan 
Mayen and Kilauea. We also report the analyses of submarine 
basaltic glass from the Loihi Seamount and the east rift of 
Kilauea, and the rock type and sample source for each sample 
are listed; a more detailed description is given in ref. 22. 

Examination of the phenocryst samples in thin section shows 
that the most likely residence site for the helium is in the 
ubiquitous melt inclusions. In most cases these inclusions have 
undergone some post-entrapment crystallization, which 
explains why most of the helium is released by crushing in 
vacuo (see Table 1). Crystallization excludes the gas from the 
melt, but helium is still trapped in the phenocryst. The absence 


of xenocrysts in these samples was verified by petrographical 
examination”. 

In testing whether phenocrysts can be used for gas analysis, 
the samples from Kilauea were chosen because they are well 
characterized, and because they allow comparison of the pheno- 
cryst helium with the magmatic helium. The good agreement 
between the phenocrysts from the Kilauea picrite (H66050) 
and the two submarine glasses from the same volcanic rift 
supports the use of phenocrysts to indicate magmatic *He/ “He 
ratios. Our results also confirm the relatively high ratios in 
Kilauea phenocrysts reported by Kaneoka er al."*, and by 
several laboratories for the Kilauea fumaroles'*’*. The Loihi 
samples have even higher *He/*He ratios, up to 31.9 times 
atmospheric, but have “’Sr/**Sr ratios that are indistinguishable 
from the values for the Kilauea samples*’. Note that Kaneoka 
and Takaoka’ have reported even higher *He/*He ratios (up 
to 37 times atmospheric) for phenocrysts from Haleakala 
(Maui). 

In contrast, the Tristan da Cunha and Gough samples contain 
helium with “"He/*He ratios significantly lower than the MORB 
values. As it was impossible to separate the amphibole in TK 26 
from the interstitial opaque oxides and other accessory 
minerals, and because there is some question about the origin 
of these gabbroic nodules”, we also analysed a basalt from 
Tristan da Cunha that contained large phenocrysts (TK 46A). 
Special care was taken to avoid opaque oxides and possible 
host rock contaminants (U and Th rich phases). The similar 
*He/*He ratio for two different phenocryst phases from the 
same sample (TK 46A and ALR 26G) and between different 
volcanic eruptions suggests that this is not a problem. 

While Kilauea, Loihi Seamount, Tristan da Cunha and Gough 
all have ®’Sr/**Sr ratios higher (more radiogenic) than MORB 
values, the Hawaiian samples have higher “He/*He ratios and 
Tristan and Gough have lower *He/*He ratios. As shown in 
the plot of "He/*He against *’Sr/*°Sr (Fig. 1), the results fall 
into two distinct trends. For reference, we also show MORB 


Table 1 Helium isotopic analyses for phenocryst and glass samples 


Phase Rock type and “He *He/*He Sample 
Sample analysed location cm? STP g` g (R/R,) u source 
Tristan da Cunha 
TK 26 Amphibole Gabbro xenolith in 3.3x107 0.1 5.2 0.1 t 
*TK 25 Amphibole pyroclastics, Buff 1.0x107 0.1 4.7 0.1 + 
Gulch 
TK 45A Olivine Ankaramite, 7.3x107 0.8 6.3 0.7 i 
*TK 45A Olivine “near 1.0x107? 0.1 5.6 2.1 t 
TK 46A Clinopyroxene Big Point 3.5x107° 0.2 5.1 0.3 t 
Gough island 
ALR41G  Clinopyroxene ` { Highly pyroxene 1.3x107° 0.4 4.9 1.6 t 
*ALR41G  Clinopyroxene phyric basalt, <7.0 x107" at oa ne f 
ALR41G  Clinopyroxene Mount Powett 58x107. 0.9 5.5 0.7 ł 
ALR26G Olivine a 1.53 x10? 0.06 6.2 0.2 + 
ALR26G — Clinopyroxene Mount Powett 3.93x107% 0.09 6.2 0.3 $ 
Jan Mayen 
IM 151A Olivine Ankaramite ~~ —_ 6.3 0.5 § 
Clinopyroxene 9.7x107° 0.4 6.8 0.3 
Prince Edward 
WJ21E Olivine Ankaramite, top 433x107" 0.05 7.4 0.2 i 
of western escarpment 
Kilauea 
H66050 Olivine Picrite, crater wall 58x10” 0.3 14.0 1.4 € 
Puna 2 Glass Tholeiite, East Rift 1.51x107’ 0.03 14.7 0.5 # 
Puna 8 Glass Tholeiite, East Rift 1.88107’ 0.04 14.5 0.3 # 
Loihi Seamount 
KK 23-3 Glass Tholeiite 6.1x10° 0.04 23.1 0.8 +t 
KK 20-4 Glass Alkali basalt 520x107 0.14 24.1 0.7 +t 
KK 18-8 Glass Tholeiite 2.71x107’ 0.06 31.9 0.7 tł 


All samples were crushed in vacuo except those denoted*, which had the helium extracted by melting in vacuo after crushing. All *He/*He 


+ 


ratios are reported relative to atmospheric (R/Ra) using an atmospheric value of 1.384x107°. Sample sources: tDr S. Humphris; ¢Dr A. le 
Roex: §Dr S. Maaloe; [Dr W. J. Voerwoerd, see ref. 50; {Dr S$. O. Agrell; # Dr J. Moore, see refs 51 and 23, sample numbers refer to Table 


2 of ref. 51; ttDr D. Clague, see ref. 52. 
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350 during formation, resulting in quite low present-day *He/*He 
ratios (see Fig. 2). The primordial end-member would then lie 
between the Loihi seamount point and bulk earth as plotted in 
Fig. 2. Because it is not clear that there is a genetic relationship 
between the Earth and the meteorites, or whether any 
undifferentiated terrestrial mantle still exists, the true end- 
member must remain uncharacterized **. 

The low *He/*He samples for Gough and Tristan da Cunha 
require mixing with a reservoir that has been enriched in Th 
and U relative to *He for time periods long enough to lower 
the *He/*He ratio. The time required depends on the *He/ (Th + 
U) ratio’®, Our data cannot distinguish between seawater, sub- 
ducted oceanic crust plus sediment, or old continental crust as. 
a source for this component. As shown in Fig. 2, any of these 
would serve as an appropriate end-member if the mixing 
hypothesis is used to explain the variations. However, given 
the Sr~Nd correlation and the expected effect of seawater 
addition on these isotopes, seawater seems unlikely”, Seawater 
also contains small quantities of helium relative to basaltic 
melts, so addition of large quantities would be required to lower 
the *He/*He ratio, and would result in extreme variations in 
87Sr /™ Sr, 

The suggestion®® that an important source of isotopic vari- 
ation in oceanic basalts is contamination from the oceanic crust 
through which the eruptive basalts must pass is plausible in that 
oceanic crust should separate “He from Th and U by degassing. 


+ [ohi Seamount 
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RIDGE 


*He / *He (R / R.) 
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7, MORB "y 
EE oeol 33-50°N) ristan 
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0.7025 0.7035 


87 86 
Sr/ Sr 
Fig. 1 3He/*He {relative to atmosphere) plotted against 
87Sr/®°Sr for oceanic volcanic rocks. Data sources: Mid-Atlantic 
Ridge (MORB)'®; Reykjanes Ridge”°*°. Iceland’? 404. 
Kilauea this study and ref. 23; Loihi Seamount, this study; Prince 


0.7045 0.7055 





Edward, this study; Jan Mayen this study and ref. 42; Tristan da 
Cunha this study and ref. 3; Gough Island, this study. Note that 
_the Gough, Prince Edward, MORB, Kilauea, and Loihi samples 
had helium and strontium isotopic analyses run on the same 
samples; in all other cases, the fields indicated represent ranges 
of values for similar samples from the references listed above. For 
the Icelandic hot springs, the highest reported °He/*He ratios?” 
were selected to minimize atmospheric effects. The highest terres- 


trial *He/*He ratios (37 x atmospheric) reported by Kaneoka and — 


Takaoka" are not plotted because they do not report ®’Sr/®°Sr 
ratios. The two mixing lines were calculated assuming component 
1 has “He/*He = 8.5 x Ra °’Sr/*°Sr = 0.70230 and component 2 
has “He/*He =32.0xR,, *’Sr/**Sr= 0.70358. As shown by 
Langmuir et al.”*, curvature is determined by the ratio R, where 


However, this mechanism seems unlikely for several reasons. 
First, volcanics on Tristan da Cunha, Gough, Jan Mayen and 
Prince Edward are erupted through oceanic crust that is much 
younger (and thinner) that the crust beneath Hawaii, and yet 
the *He/*He ratios are lowest. If contamination were significant, 
one would expect the oldest, most radiogenic crust to lower 
the ratio the most. Second, special conditions would be required 
to lower the magmatic “He/*He ratio by this mechanism. The _ 
contaminating crust must have lost most of its initial He, and — 
must have produced (and retained) substantial quantities of 
radiogenic “He. The generally low U and Th contents of un- 
altered oceanic crust require extreme enrichment in these 


in the present case: 


R= *He 1 Sr 
”  *He,®sr, 


with age of the Earth. This contrasts with continental crust, 
which is greatly enriched in U and Th and degassed of *He 
values for the North Atlantic, which are discussed in detail 
elsewhere’®, and literature values for Icelandic hot springs and 
the Reykjanes Ridge****, 

To explain these trends, we can immediately eliminate in situ 
(post-eruptive) decay of U and Th isotopes to produce the low 
*He/“He trend, as all the samples are of essentially zero age 
and the phenocrysts analysed contain low U contents. This is 
also supported by the analyses of olivine and clinopyroxene 
from the same sample, which yielded similar results. We believe 
that the trends in Fig. 1 are most easily accounted for by three 
component mixing. One component, with “He/*He of ~1.17 x 
107? (8.5 x atmospheric) and ®’Sr/*°Sr of ~0.7025, would then 
be identified as the ‘typical MORB’ reservoir. A second com- 
ponent, characterized by high *He/*He and higher *’Sr/*°Sr 
ratios, would be consistent with a more primitive source derived 
from ‘mantle plumes’, as has been suggested for Hawaii and 
Iceland’*’’. The third component is characterized by low 
*He/*He and high *’Sr/**Sr ratios, as indicated by the results 
for Tristan and Gough. 

The curve defined by the MORB-Loihi trend in Fig. 1 is 
consistent with mixing, as ratio—ratio plots do not always display 
straight lines for binary mixing**. Several mixing lines (calcu- 
lated for different He and Sr concentrations in the end- 
members) are shown for reference in Fig. 1. The helium isotopic 


ratio of a possible primordial end-member (either ‘planetary’ - 


or solar) is shown in Fig. 2. Because of the high He/(Th+U) 
ratio characteristic of the Sun and meteorites, there is little 
change in the *He/*He ratio (due to addition of radiogenic *He) 
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Fig. 2 Simplified plot of *He/*He versus °"8r/**Sr for terrestrial 
materials and meteorites. Data sources: chondrites****: bujk 
earth*'**; oceanic mantle (see Fig. 1); seawater*’"": continental 
shield*®-*7; oceanic detrital sediments**; and average crust®*’. 
Oceanic detrital sediments, and average crust are assumed to have 
the same range of “He/*He ratios as continental gases'°. We have 
aliso ignored meteoritic spallation helium, which can have “He/*He 
ratios higher than 10°". The upper boundary for the oceanic 
mantle field is defined by helium analyses by Kaneoka and 
Takaoka’, 
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elements to generate enough “He in reasonable time periods. 
This is particularly true for Tristan de Cunha and Gough, which 
are situated on oceanic crust that is 10-20 Myr old. 

One mechanism that cannot be ruled out is the separation 
of He from U and Th by multiple melting events. For example, 
if the mantle beneath Tristan da Cunha and Gough were 
‘enriched’ by the addition of a small amount of melt or fluid 
(equivalent to metasomatism*’), it is conceivable that helium 
would be lost by degassing, while the U and Th would be 
retained. The *He/*He ratio would then decrease, due to 
extremely low *He/U and °He/Th ratios; on melting, this 
enriched mantle would yield low *He/*He ratios. Trace element 
analyses from Tristan da Cunha and Gough suggest that the 
lavas are enriched in Th and U relative to chondrites*’, making 
this feasible. However, the small degree of partial melting, 
which may generate oceanic island alkali basalts, makes it 
difficult to determine the source mantle characteristics from 
the trace element concentrations and ratios**. In addition, the 
physical process by which helium is lost from the mantle 
without melt removal is unclear. 

The subduction of altered oceanic crust and sediments into 
the mantle has been suggested as an explanation for some of 
the Sr-Nd-Pb variations’*"*, and is quite consistent with our 
results for Tristan da Cunha and Gough. If the low *He/*He, 
high °’Sr/*°Sr mantle source region is produced by adding 
subducted crust into the mantle and then remelting, it is impor- 
tant to evaluate the effect on helium isotopes. The *He/*He 
ratio that would result from remelting of this material is a 
function of the initial helium content of the crust, the amount 
of degassing it has undergone (both before and during subduc- 
tion), the helium content of the mantle to which it is added, 
and the relative proportions of the two mantle types. These 
formidable uncertainties make a quantitative treatment impos- 
sible; however, there is clearly sufficient U and Th present to 
produce the observed variations, depending on the physical 
processes occuring. For example, in 200 Myr, 4x 10™° cm*g™ 
of radiogenic “He will accumulate in oceanic crust having an 
average U content of 100p.p.b. (parts per 10°) and Th/U =2 
(ref. 35). If we take 1x 10°° cm*g™' as an upper limit of the 
initial helium content of oceanic crust, the “He/*He ratio in 
this crust will decrease by at least 30% in 200 Myr. In addition, 
it is possible that hydrothermal alteration adds U to the crust, 
making 100 p.p.b. a lower limit’*°*”’. The other extreme is an 
oceanic crust that degasses completely on formation, leaving 
only radiogenic “He to remix with the mantle on resubduction. 
Craig and co-workers”? have interpreted low “He/*He ratios 
in present-day back-arc volcanic systems to be a result of mixing 
between the helium in the downgoing slab and the helium in 
the underlying mantle, which suggests that degassing continues 
after crustal formation. In both cases, the *He/*He will decrease 
to some extent, depending on the mixing ratio of the two 
components. Clearly, there is sufficient U and Th to lower the 
*He/*He ratio significantly even before subduction. If the sub- 
ducted crust remains in the mantle for long periods, as suggested 
by Hofmann and White’, substantial quantities of radiogenic 
“He may accumulate. 

All three mechanisms described above (crustal contamina- 
tion, multiple melting, and remelting of subducted crust in the 
mantle) could conceivably produce the low *He/*He trend 
defined by the Tristan da Cunha and Gough points. At present, 
we believe that the subducted crust hypothesis most easily 
accounts for the trend. In contrast to the other two processes, 
subduction is a commonly observed phenomenon. The mechan- 
ism for separation of He from U and Th is degassing of the 
oceanic crust, another presently observable phenomenon”. 
Further, the allowed time periods and U enrichments necessary 
to lower the *"He/*He ratio are geologically quite reasonable. 

If all the high *He/*He islands are produced by two com- 
ponent mixing with the same end-members, then various 
*He/®°Sr ratios are required, as this will determine the curvature 
of the mixing line. For example, if the Kilauea isotopic signature 
is derived by mixing the two end-members shown in Fig. 1, 


then the high “He/*He end-member must have higher Sr con- 
tents or lower He contents (or both, see Fig. 1). Alternatively, 
another end-member may be involved. Note that Tatsumoto”’ 
observed different Pb isotopic compositions for each of the five 
sub-aerial Hawaiian volcanoes. He suggested that the linear 
trend, defined by the Hawaiian volcanoes, on the *”’Pb/*’*Pb 
against *°°Pb/**Pb plot was a mixing line. To test the mixing 
hypothesis, a more detailed study of the Loihi Seamount and 
the island of Hawaii is underway in our laboratories. 

It would appear that “He/*He measurements, coupled with 
the other isotopic measurements, are an important discriminant 
between primordial and ‘recycled’ mantle source regions. The 
reason for the large variations is that separation of He and 
Th + U occurs by degassing, which is not the case for the Rb-Sr, 
Nd-Sm, and U-Pb systems. Note that the samples lying close 
to bulk earth on the Nd-Sr correlation line, such as Tristan da 
Cunha and Gough, are not necessarily representative of un- 
depleted mantle. It is possible to derive the trend by mixing 
between some crustal components’*” and the depleted MORB 
reservoir, resulting in a coincidental bulk earth value. 

Therefore, on the basis of the helium isotopic information, 
three distinct mantle reservoirs are required: depleted (the 
MORB source), undepleted, and recycled. The islands display- 
ing the highest *He/*He ratios have tholeiitic affinities (Hawaii 
and Iceland), while the islands consisting of alkali basalts have 
characteristically lower *He/*He ratios (Tristan da Cunha and 
Gough). More detailed sampling is required to confirm this 
trend. 
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A major preoccupation in physical sciences has been to interpret 
macroscopic events from microscopic phenomena. In some 
cases the change of scale is efficient and fairly easy to perform, 
but in others it turns out to be difficult and uninteresting. Success 
or failure is due more to the nature of the events than to the 
efficiency of the theoretical methods used. Some macroscopic 
phenomena have their origin in a microscopic organization 
which can be transferred to larger scales whereas others attain 
their structure on the macroscopic scale itself. Thus before 
applying scaling laws techniques’ one must ensure that embed- 
ded scales are suggested by physical observations. That this 
seems to be the case for the fracture of rocks is supported by 
geological, seismological and rock mechanics observations. We 
have therefore built a very simple model based on scaling laws 
which yields a criterion for fragility at different scales and views 
rupture as a critical point. We use this model here to outline 
a general approach to earthquake prediction. 

Fracturing occurs in rocks at all scales, from the microscale 
(microcracks) to the continental scale (megafaults), and the 
geologist can equally well observe embrittlement and rupture 
phenomena under the microscope as on satellite photographs 
(Fig. 1). But are the various scales of fracture related to one 
another? The following observations suggest they are: (1) field 
geologists know that the great faults of the crust—such as the 
San Andreas fault—actually consist of anastomosed faults, 
sometimes arranged en échelon, thus weakening a whole domain 
of the crust, down to variable depths”. (2) Seismologists who 
study source phenomena often have to introduce in their models 
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complex rather than single faults, each one contributing to the 
observed radiation pattern®’. (3) Rock mechanicists, when 
studying fracture in the laboratory, observe that it is preceded 
by the concentration of a swarm of microfissures which are 
themselves the result of an accumulation of microcracks®*"', 
From this set of observations one can suggest that fracture at 
the macroscopic scale is a consequence of accumulations of 
ruptures at lesser scales. 

This hypothesis has been actually adopted by Brace and his 
students*™ 12, They have submitted rock samples to progress- 
ive triaxial loading (o1, c2, ca) and studied the increase of 
microcrack density with increasing load. This increase seems 
to be the result of two distinct processes: (1) the nucleation of 
new cracks, that is, the birth of new rupture points in the 
material; and (2) the growth of pre-existing cracks. In fact, as 
noted by Brace et al." and Tapponnier and Brace'', the 
nucleation seems to occur most often from a pre-existing crack. 
The distinction between the two processes is thus subtle and 
the increase in crack density can be considered to be ruled by 
a single phenomenon with a given activation energy. 

The law governing the increase of microcrack density with 
deviatoric stress (o,~—a 3) depends strongly on the confining 
pressure. But what seems to occur generally is that the macro- 
scopic fracture is not preceded by an accelerated growth of 
microcrack density as measured over the whole sample. When 
the sample is examined at different scales one observes that 
cracks collect in some regions, but that these microscopic 
regions are roughly homogeneously distributed in the medium, 
even when the rupture threshold has been reached. On the 
other hand, the larger the scale the stronger is the spatial 
heterogeneity. The heterogeneity reaches, of course, a limit 
which determines the fracture itself whose orientation follows 
the laws established by Anderson”. 

We will now try to explain those observations with a simple 
renormalization group (RG) model and examine possible impli- 
cations of the model for earthquake prediction. 

For each elementary domain of rock (say 100 um), we define 
two states: when the local microcrack density in the domain is 
greater than some critical value, it is considered as fragile (f); 
otherwise it is considered as sound (s). 

As shown elsewhere (for example, see ref. 11), the mean 
microcrack density d depends linearly on (¢, — 03) (for a given 
az), but the local density varies considerably within the sample. 
The probability for an elementary domain to be fragile, p, is 
directly proportional to d and thus linearly related to (¢, — 03) 
(for a given o>): 


d = dy + bloi — oa) 
p = ad = adọ+ ablo; ~ 04) (1) 
b 6 50cm a 
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Fig. 1 Examples of fracture at different scales. a, Microcracks in quartz grains are induced by intense cracking in magnetite and plastic 

flow in biotite. (Westerly granite, fracture stress, 35 bar of confining pressure, room temperature.) b, Tension gashes, stylolites and micro 

shear faults in horizontal Mesozoic limestones (near Les Matelles, in Languedoc, France). The microstructures combine to form a fault zone 

at a larger scale. c, Master fault of the El Asnam, Algeria, earthquake (magnitude = 7.3, 10 October 1980). In the hills north of El Attaf, 

the break, several kilometres long, has up to 4m of vertical throw. d, Landsat image of the Chaman strike-slip fault south-west of the 

Katawaz basin near the border between Afghanistan and Pakistan. The fault system, ~~1,200 km long, may have accommodated as much as 
500 km of left lateral displacement of India past Afghanistan in the past 40 Myr. 
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Parameters do and b depend on oz, whereas a can be considered 
purely geometrical. 

Let us now develop a criterion for fragility at different scales. 
Let the elementary domain of order 1 be a cube of unit side 
(for example, 100 ym). Let the order of 2 cube be composed 
of 2° elementary order of 1 cubes, and so on (Fig. 2a). 

In terms of (n — 1) cubes (we write n cube for the order of 
n cube), there are 2° = 256 different n cubes. Taking the sym- 
metry group of the cube into consideration, this number reduces 
to 22 topologically different configurations, each with a given 
multiplicity (Fig. 25). An a cube will be considered sound 
whenever there is a ‘pillar’ of sound (n —1) cubes that links 
two opposite faces. We thus consider as fragile the configur- 
ations labelled 4f, 5c, 6b, 6c, 7 and 8 in Fig. 2b. If P, is the 
probability for an n cube being fragile, then: 


P,=p, Pa= H(p) ...; P, = (Pn) (2) 
with 
Ix) = 2x*(1 —x)*+8x5(1—x)? + 16x°(1 — x)? +8x7(1—x)+x° 
The polynomial Ti(x) has the following simple properties: 
Il(x)=x for x =0,x =p, =0,896 and x = 1. It monotonously 
increases with x on [0, 1], being less than x on 0, p.[ and greater 
than x on ]p,, 1[. Furthermore, IT'(1) = (0) = H”(0) = IT" (0) = 
0. This explains the characteristics of the probability law P„, 
which are illustrated in Fig. 2c. A striking feature is how rapidly 
the curves converge to the (Heaviside) step-function H(p — p.) 
with increasing n. For n =5, P, positively jumps from 0 to 1 
when p passes pe 
: VCP LEA A L A This crude model allows one to account very simply for the 
Eg E observations of Tapponnier and Brace’*. When counting micro- 

crack density at the lowest scale an increase of this density 

oi) Ha) 2of2)  2bü2) ace) 3o24) 3c(8) 


increases with (a, — o3) is observed, but nothing clearly announ- 
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ces the macroscopic rupture which appears as an ‘exogen’ 
40(6) 4b(8) 4c(24) 4d(z4) 4e(6)  4fi2) 


discontinuity in a continuous process. The situation is quite 
Fic fig’ Lif A ae Aa 
ot Ep EP EP Cp Ep Ep EP 


different when looking at larger scales: little occurs before p 
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gets to values close to p, ; then the fragility probability P„ jumps 
rapidly to values close to 1 and rupture occurs (see Fig. 3). pe 
is thus a critical probability, the threshold for crack percolation. 

Of course, the fragility criterion we have chosen is arbitrary 
and oversimplified. Other configurations of (n —1) cubes may 
be supposed to make the n cube fragile. More refined criteria 
may be built by considering higher-order scaling steps (a> =27. 
4? = 64, and so on, elementary cubes instead of 2° = 8). In any 
case we get a recursion relationship between P,., and P, of 
the form P, = II(P,_:), H being a polynomial with properties 
analogous to the ones above. Figure 4 illustrates a case in which 
the renormalization polynomial I(x) has no fixed point except 
0.8 the trivial ones x = 0 and x = 1. Although such a choice might 
seem inappropriate (P, >0 when n >œ for all p< 1), it leads 
to the same conclusions (a step from very low to very high 
probabilities at the highest scales) due to the fact that there is 
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Fig.2 a, Illustration of the renormalization group model. b, Now 
an n-order cube is depicted as a simple cube with its corners 
representing the eight constitutive (n — 1)-order cubes. Each cor- : 
ner is marked by a solid dot when the corresponding (n ~ 1)-order l 


cube is fragile. This defines 22 configurations labelled 0, 1,2a,... 8 
with their multiplicities in parentheses. The probability 
for a configuration with m corners fragile and multiplicity p 
is: ¢(P,-1)"(1—P, 1)". c, Probability P, for an n cube being 
fragile plotted against the microscopic probability p. 





Fig. 3 Schematic representation of some experimental results 
(adapted from ref. 11). Sample of Westerly granite, confining 
pressure 500 bar. a, Variation with a of a microscopic property 
(number of crack intersections/mm, n); b, variation with g of a 
macroscopic property (volumetric crack dilatancy, @). 
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Fig. 4 Now an n cube, made of 27 (n—1) cubes, is considered 
as fragile when three fragile (n —1) cubes are aligned along one 
of the three medians of the n cube. Then P,=p, P= 
II(p),..., Pa =T(P,-1) with I(x) = 3x°—-3x°+x7. With increas- 
ing n, the-P,, curves sharpen rapidly to a quasi-step, then shift 
only slowly to the right. The last curve drawn is that for Pao(3 > 
10°). This shows that the prediction for megafaulting is not 
significantly altered by the mathematical absence of a critical 
probability p.. , 
not an infinity of scaling steps from microcracks to megafaults 
(100 km/100 um = 10°). On the same basis it is also possible 
to build ‘anisotropic models’ in which the fragility is relative 
to a given direction and varies with this direction. But rather 
than generalizing, we will now draw some inferences about 
earthquake prediction from the simple model considered above. 
The dilatancy theory for earthquake prediction which has 
been developed from laboratory experiments?! has had 
some success but has failed to provide a general solution. Using 
a similar approach, we now show how to draw, from laboratory 
experiments, other useful inferences on earthquake prediction. 
Earthquakes are fracture phenomena which most often occur 
on pre-existing sets of faults. Together with many theoretical 
seismologists we may assume that the reactivation of a fault 
system is a fracture phenomenon polarized by the existence of 
the fault itself***’. Then the approach we propose, which deter- 
mines a critical fragility, can also apply to earthquakes. One 
only needs to consider that the macroscopic domain with which 
our computations are concerned is the domain of the faults. 
Earthquakes are probably generated by a strain accumulation 
under a constant deviatoric stress o = a;—o rather than by a 
continuous increase of o with time. Mogi’® has proposed that, 
in a medium submitted to a constant g, the increase in the 
probability of occurrence of fracture during the time 
interval (¢,f+dt) does not depend on ¢ and is given by dp = 
uo exp (Bar) dt, where uo and B are constants. We can also 
consider the more general case when stress is increasing with 


time: t 
p(t)=pot | no exp (Ba (£) dt (3) 


(We may assume, in such conditions, that the microcrack density 
obeys a zero-order kinetic equation d’(f) = 55 exp (Ba), d(t) and 
p(t) being related by p(t) = a d(t), as above.) 

It is then possible to compute the curves P, (A = P,[o()] by 
the recursion formula (2). Of course, the shape of those curves 
is the same as that in Fig. 4, the parameter along the horizontal 
axis now being the time. For example, in the experiments of 
Kranz on samples-of Barre granite”, fracture occurs about 
150s after a stress of 2 kbar has been applied. To get the time 
parametrization, one has only to replace the (0, p.)p interval 
by a (0, 150s) ¢ interval. If ø is supposed to vary with time, a 
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variable contraction or dilation of the horizontal axis can modify 
the figure of the P,,(f) curves. 

Suppose now we have two physical parameters, (x) and (y), 
which depend in a known way on crack density at different 
scales n; and nz. It is then possible to predict the critical point 
p(t) =p, from the predicted intersection of the two curves x(t) 
and y(t). So it may be thought that the prediction of earthquakes 
demands the observation of phenomena characterized by 
different scales. For example, if one studies seismic waves for 
periods of 0.1, 1, 10, 100,...s, one may think that the values 
of the corresponding attenuation ratios will tend towards some 
limit at the critical point (the partial failure of the (V,/ Vs) ratio 
prediction technique may come from the fact that in some 
circumstances this ratio depends on the scale but not in others, 
er pores containing water in the rock are connected or 
not). 

The crude model we propose here may be tested in two ways. 
First by studying in the laboratory the variation of crack density 
at different scales as (e; — a3) increases; second, by studying 
the variations of some physical properties which depend on 
crack density at different scales, especially in the vicinity of 
fracture. l 

Despite the extreme simplicity and the limits of our approach, 
if our basic conjecture is correct, a set of prediction methods 
could be built up. 

We thank T. Madden, P. Tapponnier and V. Courtillot for 
fruitful discussion. P. Tapponnier provided the photographs in 
Fig. 1. 

This is Institute de Physique du Globe contribution no. 578. 
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Significant understanding has been gained recently about the 
biogeochemical cycling of trace metals in the ocean. This know- 
ledge has mostly resulted from the accurate measurement of 
dissolved species in oceanic water columns, We report here 
that cobalt’s vertical distribution is similar to that exhibited? 
by Mn; that is, its surface enrichment/deep depletion (Fig. 1). 
However, amounts of Co (1-7 ng 17") are ~10-20 times less 
than those for Mn (Table 1), as might be expected from crustal 
abundance estimates* for these elements (Mn=950; Co = 25 pg 
per g). The similarity between Mn and Co profiles implies the 
same biogeochemical pathways. The Co excess in nearshore 
surface waters probably results from continental weathering 
input processes, as suggested by the remarkable Co-salinity 
mirror-image relationship shown in Fig. 1, and the Co-salinity 
scatter diagram in Fig. 2a. The steady decrease in Co concentra- 
tions also indicates that Co is usually scavenged rather than 
regenerated at depth, as is the case with Mn (Fig. 1; Table 1). 
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Table 1 Dissolved Co levels observed off central California (36° 30' N 
123°05' W) in June 1981 . 
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OE OF X OE CX CX 
Depth Co1 Co2 Co Co* Mnt 

(m) (agr) (agi™) (mgt) (mg) (ngi) 
0.2 raft 7.0 6.9 7.0 — — 
— 410 6.6 6.2 6.4 1.8 130 
30 6.8 7.3 7.0 oe 160 
50 6.6 6.0 6.3 5.1 = 
100 5.8 5.9 5.8 4.7 62 
200 4,5 3.6 4.0 4.0 40 
300 3.9 3.9 3.9 3.3 42 
400 3.6 3.4 3.5 22 49 
520 25.0% 29 2.9 1.1 58 
700 Die 1.8 2.0 2.0 50 
980 21 1.6 1.8 2.0 45 
1,160 1.5 2.1 1.8 2.0 43 
1,900 1.8 1.5 1.6 1.9 42 
2,350 1.4 1.4 1.4 1.6 31 
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Cobalt was preconcentrated in two replicates (OE Co 1, OE Co 2) 
using organic extraction. Replicate values were averaged (X OE Co) 
and are compared with Co amounts obtained using chelex preconcentra- 
tion (CX Co). Manganese data (CX Mn) for these samples are also 
shown. Water was filtered using 0.45 am pore size nucleopores. 

* Chelex at pH 6. 

+ Chelex at pH 8. 

+ Contaminated. 


In comparison with those in oceanic waters, Co values can 
be very high in estuaries. We measured dissolved Co amounts 
varying between 50 and 1,200 ng 1™' in north San Francisco 
Bay on a Sacramento River/Golden Gate transect during a 
period of high freshwater flow in March of 1980. The highest 
concentrations were observed at three stations with salinities 
between 6.2 and 12.4%; that is 1,200, 550 and 530 ng 17° (Fig. 
2c). Cobalt levels immediately outside the above salinity range 
were markedly lower: 120 and 140 ng I"', at salinities of 2.2 
and 13.8%, respectively. Amounts of Co more or less steadily 
decreased in the remainder of the salinity range sampled; that 
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Fig. 1 Salinity (@) and mean organic extraction Co values (O) 
versus depth (see also Fig. 2a). 
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Fig. 2 Cobalt-salinity relationships observed a, off central 

California at depths of 0.2-2,350 m; b, in near-surface waters 

immediately outside San Francisco Bay;.c, in San Francisco Bay. 

Correlation coefficients for data in a and b are —0.93 and —0.99, 
respectively. 


is, from 200 ng1™ at 19.3% to 40 ngl"' at 334 (Fig. 2c). A 
similar Co-salinity relationship was observed for near-surface 
waters collected outside San Francisco Bay (Fig. 2b). The slight 
curvature in the plotted points suggests the possibility of Co 
removal processes occurring within this salinity range, as well 
as conservative mixing. 

The reasons for the very high dissolved Co levels in the San 
Francisco Bay intense mixing zone (6-12% salinity range) 
waters are not understood. Although the data suggest Co 
adsorption—desorption reactions occurring with suspended par- 
ticulates, the exact nature of these reactions is unknown. River- 
estuarine chemistry is very complicated, involving many com- 
peting processes, and is beyond the scope of this paper. 
Nevertheless, scientists dealing with this complex subject also 
report similarities between Co/Mn geochemistry’. 

We compared our Co distribution findings with those re- 
ported previously’, and in general, values for estuaries and 
rivers are similar to those we report for near-shore and San 
Francisco Bay waters, while quantities for various oceanic 
waters are usually considerably higher. Because most of these 
data were reported well before the adoption of clean techniques, 
it is logical to suspect contamination problems for many of the 
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previously reported oceanic samples, especially those collected 
at depth. 

We avoided contamination by using the same collection, 
filtration and analytical procedures that we had previously used 
(with Bruland) for other elements’*. The organic extraction 
(APDC, DDDC/chloroform) preconcentration method had 
yields of 97-98% when checked with carrier-free *’Co, and the 
precision for two replicates was generally excellent (Table 1). 
The use. of another preconcentration technique (chelex ion 
exchange at pH 6) resulted in similar values (within 1.3 ng) with 
the exception of the 10 and 520 m samples (Table 1). Analyses 
of eight individual blanks for the organic extraction procedure 
resulted in a mean and standard deviation of 0.340.04 total 
ng Co in comparison to 0.6 total ng found in the lowest sample. 
Cobalt was not detected in the chelex blanks. 

In conclusion, the oceanic vertical distribution of dissolved 
Co appears to be very similar to that of Mn, at least as we now 
know it. Great variability in near-shore surface waters can be 
expected and, as is the case with Mn, oceanic removal processes 
are probably rapid, with resulting residence times in tens of 
years. This can be illustrated by substituting a world ocean Co 
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concentration of 1 ng 17’ in place of the 23 ng 17’ used by Bewers 
and Yeats” in their estimates of Co residence times. The results 
are 52 yr using stream input data and 34 yr using sedimentation 
rate data. 

If the Mn-Co similarity is also true for open-ocean waters, 
much lower Co levels (~1.0ngI-’) can also be expected in 
oligotrophic surface waters, judging by Mn data (~35 ng!7’) 
reported by Landing and Bruland’. Because Co is an important 
element in many essential biological compounds’®, notably the 
central atom of vitamin B12, the low amounts of this element 
in the environment suggest the possibility of its being a limiting 
nutrient in some conditions, or at least that the massive amounts 
(5 »g17') routinely added to phytoplankton culture media are 
unnecessary. 
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Corporation, and the US Environmental Protection Agency 
(CR 8077110020). 
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Beryllium in the water 
column of the central North Pacific 


C.I. Measures & J. M. Edmond 


Department of Earth and Planetary Sciences, Massachusetts Institute 
of Technology, Cambridge, Massachusetts 02139, USA 


The existence of the cosmogenic radioisotope of beryllium, 
OR e(t12 = 1.5 Myr), was first confirmed’? almost 25 yr ago. 
Subsequently, Merrill et al? worked out the sedimentary 
geochemistry of the stable isotope of the element, "Be. The 
geochronological potential of ° Be could not be exploited, 
however, because of its extremely low abundance (global 
average production rate 1.08 atoms cm? min™)* and the 
difficulties associated with the analysis of the stable species "Be, 
particularly in natural waters. This situation is changing 
dramatically with the application of accelerator techniques to 
the detection of the radioisotope’. It thus becomes important 
to obtain a detailed understanding of the geochemistry of "Be 
since the potential use of the stable isotope for normalization 
purposes would significantly enhance the usefulness of the 
radioactive species in dating studies. We report here the first 
detailed profile for Be in the oceanic water column. 

Samples were obtained at 30 °N, 158°W over MANOP site 
R (Manganese Nodule Program Red Clay Study Area) north 
of Hawaii using clean oceanographic procedures. One litre 
samples were collected in acid-cleaned linear polyethylene con- 
tainers and immediately spiked with 4 ml of doubly distilled 
6M HC! to bring the pH to ~1.8. Laboratory experiments with 
standards indicate that there is no loss of beryllium in these 
storage conditions. The analyses were made by gas 
chromatography with electron capture detection of the volatile 
trifluoroacetylacetonate complex of the element. This was for- 
med in the seawater solution at pH 5.4 and extracted into 
high-purity benzene (details of the method will be reported 
elsewhere). The detection limit using a 200 ml sample aliquot 
is about 2 pmol kg™* (2x 1071? M); the precision (1a) is 5.5% 
at 20 pmol kg’. 

The profile is presented in Fig. 1 together with the associated 
hydrographic measurements. The numerical data are listed in 
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Table 1. The distribution of beryllium in the water column 
displays the nutrient-like surface depletion and deep enrich- 
ment observed for many of the other accurately determined 
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Fig. 1 The beryllium profile from MANOP R in the Central 
North Pacific (30° N, 158° W). Also shown are the distributions 
of silicate, phosphate, potential temperature, salinity and oxygen. 
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Table 1 Beryilium and ancillary data from MANOP R (30° N, 156° W} 
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Potential 
Depth temperature O, 
im) CC) %S (umol kg™') 
40 24.64 35,209 244 
70 21.60 34.939 253 
110 ~ 18.72 34.826 241 
206 14.67 — 34.407 218 
266 12.68 34.330 219 
336 11.36 34.255 221 
417 9.96 34.126 206 
497 8.04 34.050 178 
593 6.15 33.985 122 
691 4.75 34.058 74 
789 4,30 34.179 32 
986 3.67 34.364 20 
1,182 3.15 34.462 30 
1,505 2.53 34.542 97 
1,804 2:17 34.588 76 
2,102 1.92 34.618 91 
2,401 jy 34.640 103 
2,699 1.61 34,651 126 
3,101 1.32 34.665 130 
3,508 ioe 34.671 132 
3,915 1.16 34.679 147 
4,322 1.12 34.684 162 
4,730 1.09 34.687 166 
4,921 1.08 34.686 162 
5,314 1.07 34.688 167 
5,608 1.05 34.689 166 
5,805 1.05 34.690 168 
5,903 1.05 34.689 167 





trace elements. The mixed layer value is 4 pmol kg`*; the con- 
centrations rise through the main thermocline to values of 
> 25-30 pmol kg”! in the deep and bottom waters. Although 
there may be a secondary maximum associated with the oxygen 
minimum at 900 m (Fig. 1), the sampling density is inadequate 
to resolve it fully. 

MANOP R is located beneath the tongue of Antarctic Bot- 
tom Water that penetrates north around Hawaii®. It is the 
hydrographic feature responsible for the induced maximum in 
the silica profile that characterizes the North Pacific Deep Water 
(Fig. 1). The beryllium profile, in contrast to those of the 
nutrients, increases with depth. The potential temperature- 
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Fig. 2 The beryllium—potential temperature relationship for the 
| deep and bottom waters. 


Nature Vol. 297 6 May 1982 


PO, Si Be 
(amo! ke”) (mol kg’) (pmol kg”) 
0.06 2.6 4.0 
0.08 3.8 5.0 
0.22 5.0 4.0 
0.71 10.8 5.0 
0.87 13.6 5.4 
1.02 17.5 6.0 
1.37 26.1 7.0 
1.78 38.4 7.0 
2.37 64.0 12.0 
2.91 90.9 16.0 
3.17 108.9 16.0 
3.26 129.2 14.0 
3.22 139.5 16.0 
3.10 | 151.3 19.0 
3.00 159.2 18.0 
2.90 166.7 22.0 
2.84 170.5 24.0 
2.78 171.0 22.0 
2.69 165.3 24.0 
2.63 161.7 26.0 
2.58 159.7 27.0 
2.55 155.8 28.0 
2.52 151.7 25.0 
2,50 150.4 28.0 
2.49 147.7 29.0 
2.48 146.7 28.0 
2.47 146.1 28.0 


2.46 145.1 30.0 


concentration relationship below 1,000 m (Fig. 2) is concave-up 
indicating mid-water scavenging’ as has been observed for 
copper’. The fit to a simple one-dimensional diffusion advection 
model’ gives a value for the ratio of the scavenging rate, J, to 
the vertical advection velocity, w, of J/w =2.49x10™ pmol 
kg yr m~? with a standard error of 1.90. Assuming that the 
upwelling velocity is 3m yr’ (ref. 7) then the scavenging rate, 
J, is 7.5x 10° pmol kg yr’. The half life with respect to 
scavenging is thus estimated to be 1,850 yr. As the concentra- 
tion of beryllium increases with depth there must be a source 
of input from the bottom to maintain the profile against removal 
by scavenging. This can be crudely estimated” at 1.5 pmol 
cm”*yr~', Assuming an effective pore water diffusion coefficient 
of 10cm? s~ then this flux requires a gradient in the sedi- 
ments of ~60 pmol kg cm™’. As in the case of copper, such 
high gradients cannot extend very deep into the sediments 
because the solubility of any existing beryllium compounds will 
be exceeded’®, Thus a strong source is required near the surface. 

Beryllium exists in the oceans at concentrations as low as 
those reported for any other trace element (see Fig. 3). The 
levels in rivers, however, are substantially higher. Merrill et al.’ 
reported values of a few nmol kg™'(10°-°M), which we have 
confirmed. Three samples from the main channel of the lower 
Amazon give values of 1.6, 1.7 and 1.8 nmol kg™, while an 
estimate from the mouth of the Orinoco is 610 pmol kg”. The 
Yangtze gives lower values: 140 pmol kg™’ at the mouth and 
150 pmol kg™' at Wuhan in the central part of the flood plain. 
If the global average value is taken as 1 nmol kg™' then the 
fluvial flux is 3310° mol yr’. Assuming that the element 
behaves conservatively during estuarine mixing and that the 
average oceanic concentration is 20 pmol kg™’, then the resi- 
dence time for the element is about 800 yr. As this is shorter 
than the oceanic turnover time it is important that the value 
be confirmed in future work. 

Crucial to the application of ‘"Be in marine geochronology 
is the degree of uniformity of the '°Be/°Be ratio in the oceanic 
water column. If tracer equilibrium is achieved during oceanic 
mixing then changes in the initial uptake of the radioisotope 
in the sedimentary substrate caused by changes in, for example, 
composition and accumulation rate can be corrected for 
directly. The concentration of Be in seawater has been 
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Fig. 3 Published concentration [C] ranges for oceanic trace 

metals. The nutrients and CO, are shown for comparison. Data 

sources: Ba, ref. 15; As, ref. 16; Cu, Ni, Cd and Zn, ref. 17; Cr, 
ref. 18; Se, ref. 19; Mn, ref. 20; Ge, ref. 21; Pb, ref. 22. 


measured using accelerator techniques'''*. An average value 
for nutrient-depleted Pacific surface waters (two samples) is 
1.2+0.3x 10°" mol kg” (ref. 11). On the assumption of a °Be 
concentration of 4 pmol kg’, the ‘"Be/*Be ratio becomes 300+ 
75x10. A Be concentration of 10.2+2x 107"? mol kg™! 
reported for a single sample from a depth of 4,100 m south-east 
of San Diego’’, coupled with the deep-water °Be value of 
27 pmol kg™' at MANOP R, give an isotope ratio of 377 +75 x 
107°, which is consistent with the surface value. 

Yokoyama et al.” and Krishnaswami et al.” have reported 
isotope ratios in manganese nodules (extrapolated to zero age) 
of 85x 107° and 114-1,215 x 107° with a mean of 255x107? 
respectively. Given the present accuracy of the Be measure- 
ments (+20%)'*"* the overall similarity of the water column 
and nodule data suggests that the two isotopes are indeed 
equilibrated in the oceans. Much more work is needed, 
however, before this important conclusion can be taken as 
firmly established. In particular, the two isotopes need to be 
measured on the same water samples. In addition, leaching 
experiments must be carried out on sediments and nodules to 
establish that only authigenic beryllium is being analysed rather 
than an additional component of ‘dead’ detrital beryllium. 

We acknowledge the support and encouragement of our 
colleagues in the MANOP Program of the NSF/IDOE. We 
also thank the Office of Naval Research for general support of 
our analytical program, and Professor K. K. Turekian for help- 
ful discussions. 
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The interrelationships between fluid flows and the surface forms —__ 


of underlying movable beds are crucial in interpreting sedimen- 
tary structures and in predicting hydraulic drag. Energetic fows 
can erode ali features from a sediment bed, and transition to 
such a planar bed is important to the processes of sediment 
transport by waves’. The following analysis connects bed plana- 
tion to a threshold effect in hindered settling with increasing 
concentration of noncohesive sediment moving near the bed. 
Calculated fluid velocity from the resulting quantitative cri- 
terion for this bed transition agrees with extensive laboratory 
data” in oscillatory flows. 

The present model of the planation process utilizes simple 
empirical forms of several of the relationships that are needed. 
As Reynolds numbers for bed planation are usually large 
enough for the near-bed flow to be intensely mixed rather than 
laminar‘, inertial (non-viscous) asymptotes are suitable for most 
elements of the model. However, fully-developed turbulent flow 
is absent in the laboratory situations and Jonsson? has pointed 
out the persistent empirical accuracy through this transitional 
range of one result [equation (4)] from laminar flow. 

The primary element in the model is an expression® for 
transport rate of sediment moving near the bed in oscillatory 
flow: | 


Q/wD* =[p/10]7 (1) 


where Q is average bedload sediment volume per unit time and 
bed width (moving to and fro colinear with the flow), and 
$ = [(aw)’/y'gD] measures sediment agitation by flow energy. 
Here w is flow (wave) frequency, D is median sediment. 
diameter, aw is peak near-bed horizontal velocity, g is gravita- 
tional acceleration and y'=(g,/e—1), where p, is sediment 
density and p is fluid density. Note that bedload rates reported 
by Manohar’ agree with equation (1) in a range of conditions 
through the transition from rippled to planar bed’. 

Conversion of the bedload rate Q into volumetric transport 
concentration, the ratio of sediment to fluid discharge, requires 





Table 1 Test sediments represented in Fig. 1 








epee ramen amps 


Maximum 
Sediment description (aw? ig) 

Label y Dimm) A n included 
Manohar’ spherical grains 

a 1.49 0.235 234 42 0.18 

b 1.54 0.61 4,590 34 0.25 
Manohar? other grains 

c 1.65 0.28 420 3.65 0.22 

d 1.63 0.786 9,660 2.3 0.32 

e 1.60 1.006 18,900 23 0.32 

f 0.28 3.17 101,000 23 0.09 

g 1.60 1.829 108,000 2.3 0.31 

h 1.63 1.983 137,000 2.3 0.32 
Chan et al.’ spherical grains 

j 1.65 0.097 18.7 4.6 

k 0.32 0.359 74.4 4.5 

ł 1.65 0.254 335 4.05 
Chan et al? other grains 

m 0.97 0.254 79.5 4.4 

n 1.55 0.254 315 3.8 

p 0.97 0.505 625 3.4 
Kennedy and Falcon’® spherical grains 

q 0.035 1.0 276 4.1 
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Fig. 1 Threshold velocities for bed planation observed in 120 
laboratory tests™* 1? compared with calculations using equation 
(11). See Table 1 for description of the 15 sediments represented. 


division by A, a characteristic thickness of the bedload layer, and 
by W, a characteristic fluid velocity within the layer. Bagnold’ 
reported that the elevation above the bed of this layer’s centre 
{in unidirectional flow) is mD, where 


m= 1.4(u,/Ugo)” (2) 


and the estimate adopted here is A= 2mD. Here u, is the 
friction velocity and uo is critical friction velocity for sediment 
motion initiation (zero transport). The peak friction velocity is 
related to peak velocity by” 


u, = aw fal D (3) 


where fw is friction factor, depending on boundary roughness 
and on the Reynolds number (a*w/v), v being fluid viscosity. 
For the situations of interest with a nearly plane bed, boundary- 
layer flow is transitional between laminar and turbulent*, but the 
analytical form for a smooth boundary 


fo = 2/(a* w/v)” (4) 


remains empirically valid although derived for laminar condi- 
tions’. The proper inertial relation for sand motion initiation in 
oscillatory flow is’ 


(aw) = (8y'gD)* (5) 
so that 
Hgo = = (aw) i (pw)? = (8y'gDro)” (6) 


A suitable velocity profile for estimating Y is problematical even 
in steady transitional (intermittently turbulent) flow’’. The fairly 
thick bedload layer would appear to be dominated by peak-flow 
effects here, so the appropriate approximation seems to be an 
inertial profile with logarithmic variation of velocity, as occurs 
beyond the viscous sublayer for fluid flow above moderately 
large Reynolds number `°. The mean horizontal fluid velocity is 
taken as’ 


u = 5.75 u, log (30z/k) (7) 


where z is distance from the boundary and k measures boundary 
roughness. For a nearly plane bed k = 2.5 D is appropriate*’, 
and the characteristic velocity is’ that at elevation z = 0.37 A. 
With these relationships 


W = 5.75 (aw) (ev)? log [12.4(ug/ Ugo)? ] (8) 


The postulated link between bed planation and hindered sedi- 
ment settling is pursued by regarding the right side of equation 


Amanta oaar aama anm i raam Airaa SA: 


(1). The agitation index ® has’ an inverse dependence on the 
square of inertial sediment settling velocity, so that equation (1) 
indicates an inverse dependence between bedload rate and the 
cube of settling velocity“. The terminal settling velocity, w, of an 
isolated sphere in still fluid is described’* as a variation of 

(wD/v) with the buoyancy index A=(y'gD*/v*), having 
asymptotic behaviours of viscous settling for A < 20 and inertial 
settling for A > 10°. A homogeneous dispersion of cohesionless 
spheres settles more slowly than an isolated sphere, with velocity 
given as“ 


Woe =w(l-C)" (9) 


where C is volumetric particle concentration, and the exponent 
n has asmooth variation between n = 4.6 for viscous settling and 
n= 2.3 for inertial settling. An isolated natural sediment grain 
usually settles'° at slightly smaller velocity than a sphere of the 
same mass due to increased drag, and inertial settling arises for 
A>10*. Effects with natural grain dispersions presumably 
follow equation (9) if adjustment is made for n between more 
closely spaced asymptotes. 

No data are available for entrained sediment concentrations 
near a planar bed, but a critical concentration for appreciably 
hindered settling apparently should be related to grain inter- 
actions and the threshold for significant grain—grain collisions 
has been reported’*'’ to be C near 0.09 or 0.02. Here Ca = 
0.075 is adopted; this value is one-eighth of 0.6, the usual 
maximum possible sediment concentration. Thus the postulated 
threshold for bed planation becomes 


(O/AW).. = Ca = oD*(b/10)'° 1 -Ca (AW) (10) 
Or 
| TA 3g 0: 925)*"p Q, Hyg pS 12.4(aw)?? 
(aw) Se OR en 
w (8y'gD) 
(11 


With given material characteristics, equation (11) is an implicit 
relationship for flow conditions at the postulated threshold of 
bed planation: specifying either flow frequency (w) or near-bed 
horizontal flow amplitude (a), the critical value of the other 
variable is determinable by root-finding. To clarify the depen- 
dences of the above threshold, an approximate explicit form is 


aw = on 8iy' g? 64 rj®. -22 p™ N a (12) 


For the test conditions considered here, equation (12) regularly 
gives a threshold velocity within a few per cent of that deter- 
mined by the root of equation (11). 

Calculated threshold velocities using equation (11) are 
compared in Fig. 1 with results from 120 laboratory tests of bed 
planation with the sediments described in Table 1. Calculations 
are close to the (very low) near-bed threshold velocities reported 
for three wave-tank tests conducted by Kennedy and Falcon" at 
transition from rippled to planar bed with lightweight spheres. 
However, only part of the experimental results from the two 
major oscillatory-flow studies”” are presented in Fig. 1 for the 
following reasons. 

Manohar’ performed tests by oscillating at fixed amplitudes a 
sediment tray in still water, and observing the critical frequency 
for bed planation; analogously, equation (11) has been solved 
with the specified a to find the threshold w. Ignoring the 
independent w effects, Manohar provided this correlation of 
results: 


aw =20.9(y' g) tv D’? (13) 


For accelerated-bed tests, Bagnold’? reported that general 
sliding of sediment can occur at large accelerations, depending 
on p,/p and the angle of sediment repose. Consequently a 
minority of these tests with large aw’ has been disregarded, with 
the cutoff values of aw*/g listed in Table 1; Manohar’s tabulated 
results at small amplitude increments exhibit i in each test series a 
sizeable gap in aw’ and aw around the stated aw*/g. For the 
remaining 90 tests, with appropriate values of n (Table 1), 
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agreement is evident between experimental and calculated 
results, although there is a tendency with some sediments for 
observed threshold velocity to be ~10% less than that cal- 
culated. 

Calculations show agreement only with a quite limited seg- 
ment of results from the other major study, Chan etal.’ executed 
tests by oscillating fluid at fixed frequencies above stationary 
sediment in a 5-cm diameter pipe, observing critical fluid ampli- 
tude for bed planation; equation (11) has been solved by a 
corresponding procedure. About one-third of the material 
combinations tested are represented in Fig. 1; these correspond 
to A values for subaqueous fine and medium quartz sands 
(although some results for both water and ethanol are shown). 
More scatter is to be expected here because results have been 
scaled off a log-log plot for the present use. The agreement of 
these 27 measurements with calculations by equation (11) is 
about as ideal as with transition calculations by the following 
expression, provided as an empirical correlation of all results by 
Chan et al.’: 


aw = 6.6(y' g r D w (14) 


On the other hand, equation (14) is clearly superior to equation 
(11) in agreement with the data for other sets of tests with: large 
D, large v (glucose) or iron ore. The causes for the present 
model’s failure are not certain, but these cases might be 
explained by the facts that: equation (4) is inaccurate for rela- 
tively large D/a (ref. 8); the small test facility gives” laminar 
flow of glucose, making equation (7) inapplicable; and iron ore 
exhibits cohesion by its magnetism, making equation (9) incor- 
rect, Also, no heavy minerals such as iron ore are represented in 
the data base® supporting equation (1). 

I conclude that the model of bed planation providing equation 
(11) is consistent with laboratory results for 15 sediments having 
A values corresponding to quartz sand in water, and segments of 
the two major data sets** show some congruence, whereas these 
results had appeared disjoint’*'. Note that this analysis has a 
markedly different viewpoint from that of Bagnold’s criterion 
for planar bed occurrence’*’, and that the latter has been 
supported in data reviews'”* for unidirectional and oscillatory 
flows. The present results are established for laboratory tran- 
sitions to a planar bed from ripples with wavelength governed by 
a, rather than from bedforms occurring in flows at lower 
frequencies’. 

The results reported here, unless otherwise noted, are based 
on research conducted at the Coastal Engineering Research 
Center, US Army Corps of Engineers. The findings are not to be 
construed as an official US Department of the Army position 
unless so designated by other authorized documents. Permission 
to publish the present results is appreciated. 
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Timothy Jickells*, Anthony Knap*, Thomas Church?, 
James Galloway? & John Miller§ 


* Bermuda Biological Station, Ferry Reach 1-15, Bermuda 

t College of Marine Science, University of Delaware, Newark, 
Delaware 19711, USA 

ł Department of Environmental! Science, University of Virginia, _ 
Charlottesville, Virginia 22903, USA 

§ Air Resources Laboratory, NOAA, Washington DC 20910, USA 


Increased acidity of precipitation due to combustion of fossil 
fuels has been well documented for both the eastern USA’ and 
Canada’. The SO, and NO, emitted by the burning of coal, 
natural gas, fuel oil and petrol are oxidized in the atmosphere 
to sulphuric and nitric acids which subsequently give rise to 
acid precipitation’. However, the SO, and NO, emitted, and 
their oxidation products, are not all removed by atmospheric 
deposition over the North American continent; a large fraction 
is advected east out of North America’. In a study between 1 
May 1980 and 30 April 1981, we have detected acid precipita- 
tion (pH < 5.6) on the island of Bermuda, which is ~ 1,000 km 
east of the Atlantic seaboard of the USA. We report here that 
the acidity of such precipitation is eight times greater on a 
volume-weighted annual average than rainwater in natural 
atmospheric equilibrium, and that the acids present are almost 
wholly sulphuric with a small nitric acid contribution. There is 
a strong correlation between the presence of these strong acids 
and the meteorological back trajectory of Bermuda storm sys- 
tems to the North American continent, which suggests long- 
range atmospheric transport of acid rain precursors to Bermuda, 
these having similar anthropogenic origins (that is, from remote 
fossil fuel combustion) to acid rain precursors on the continent. 

Preliminary studies of rainwater in Bermuda from February 
1979 to April 1980 suggested the existence of acid ram in 
Bermuda with a possible seasonal element*. To document these 
observations further, we have sampled all rainfalls in Bermuda 
from 1 May 1980 at a site at the eastern end of the island, 
60 m above sea level, which is thought to be remote from local 
pollution. We discuss here the data collected up to 30 Apri! 
1981. 

Samples were collected on an event basis using a wet-only 
HASL collector’ for all months except from late August to 
mid-September 1980 when the collector malfunctioned. During 
this period we used a bulk collector manned on an event basis. 
During the year there were 109 rainfalls for which we measured 
the pH. In addition, 70 of these rainfalls provided sufficient 
samples to determine concentrations of all the major anions 
and cations. Total rainfall during the year was 150.22 cm com- 
pared with a long-term average of 146.46 cm (ref. 6). Samples 
were analysed for pH, strong and total acidity’ and all major 
anions and cations, using standard colorimetric, atomic absorp- 
tion and ion chromatographic techniques. In all cases the analy- 
ses and pH measurements are accurate to better than 10% and 
+0.1 pH units, respectively. The results for all wet-only samples 
are presented in Table 1. 

We have found that precipitation in Bermuda is acidic (Fig. 
1): For the entire sampling period, the volume-weighted mean 
pH of all wet-only samples was 4.74. Gran’s titrations’ were 
performed on 29 samples having a pH <4.8. Regression analy- 
sis of free acidity, derived from the pH (measured by glass 
electrode), against strong acidity (determined by Gran’s titra- 
tion) for these 29 samples gave a slope of 0.95 and a regression 
coefficient, r, of 0.947, indicating that strong acids are respon- 
sible for more than 90% of the acidity in Bermuda’s rainwater. 

The results in Table 1 indicate the presence of excess calcium, 
potassium, sulphate, nitrate and ammonia over that introduced 
to the rainwater by sea salts. The calculations of excess are 
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Fig. 1 Volume weighted monthly mean pH (A) and concentra- 
tion of NO3 (@), *SOZ” (A) and NH4 (O) of rainfall collected 
in wet-only samples from Bermuda. * Non-sea salt component. 
The accuracy of each individual analysis is better than 10% and 
pH measurements are accurate to better than +0.1 pH units. 


based on sodium, which is assumed to be derived entirely from 
unfractionated sea salt. The source of the excess calcium and 
potassium is believed to be clay and rock particulates of either 
remote aeolian or local limestone origins. The excess sulphate 
and nitrate in the rainwater is responsible for the acidity. The 
amount of basic unfractionated sea salt (bicarbonate and boric 
acid) is insufficient to cause significant neutralization of the 
acidity. When protons are correlated with non-sea salt sulphate 
and nitrate concentrations (12 data points per parameter) the 
slopes are 0.935 (r = 0.941) and 0.257 (r = 0.909), respectively. 
This is interpreted to mean that the upper limits of HS0, 
and HNO, contributions to free acidity are 94% and 26%, 
respectively. 

There are three possible sources of the sulphuric acid in 
Bermuda rain: locally derived acids, those produced by natural 
marine processes, or long-range transport of continentally- 
derived acids. A locally-derived source of the acids is unlikely 
to be important because: (1) there is no manufacturing industry 
in Bermuda; (2) the sampling site was 15 km from the island’s 
only power generating plant and during most storms the site 
was to windward of the plant. (3) Although the sampling site 
was near the airport, we do not believe that this affected the 
precipitation acidity because the acidity is primarily due to 
H.SO,, whereas aircraft exhaust emits mainly NO, relative to 
SO, and SO, (ref. 8). (4) The air mass transit time across the 
island is very short, giving rapid dispersion and dilution of 
locally derived pollutants. The meteorology of Bermuda 
exhibits little or no ‘island effect’ (ref. 9 and M. J. Nemkosky, 
personal communicaticn). (5) The observed seasonal pattern 
described below is incompatible with a local source as power 
use and air traffic are at a maximum in summer in Bermuda 
while winds are at a minimum. These factors would produce a 
summer pH minimum if local sources were important, which 
is the reverse of the pattern observed. 

The next possibility is that of natural marine processes giving 
rise to acidic gases. The emission of various volatile sulphur 
compounds from seawater has been reported elsewhere’. We 
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do not have a direct measure of the significance of these pro- 
cesses, but using the data of Nguyen et ai.’°, it is possible to 
make a rough calculation of their significance; the total potential 
input from the Atlantic to the west of Bermuda can be compared 
with the anthropogenic flux of sulphur calculated to leave the 
USA (3.9 10"? gS yr™')°, We estimate the sea area to the west 
of Bermuda that is bounded to the north by the Canadian 
border and in the south by the southern tip of Florida, to be 
~2.5 x 10'? m?. By scaling down the global ocean estimate’® of 
35x 10°? gS yr, we estimate that the oceanic emission from 
the sea area to the west of Bermuda could be ~0.2 
10’? gS yr. However, this is probably a maximum value as 
primary production in this area of the Sargasso Sea is much 
lower, without upwellings such as those found along the west 
coast of Africa where many of the measurements of Nguyen ef 
al.'° were made. This figure for sulphur produced by natural 
marine processes is at least 20-fold lower than the 
anthropogenic sulphur input calculated by Galloway and 
Whelpdale’, thus we consider an anthropogenic source for the 
excess sulphur in Bermuda's rainwater to be the more impor- 
tant. Indeed, aerosol measurements over Bermuda have sug- 
gested the presence of anthropogenic sulphate and some trace 
metals’? 

In addition, the major weather patterns in the North Atlantic 
move in an easterly direction, thus transporting the USA air 
mass towards Bermuda’. The meteorology of the Bermuda area 
of the North Atlantic Ocean is dominated by the semipermanent 
sub-tropical Azores/Bermuda high. During the summer and 
autumn, this high pressure can prevent many of the frontal 
systems originating over North America from reaching Ber- 
muda. During winter, with a weak or absent sub-tropical high, 
frontal systems pass regularly. This situation becomes firmly 
established over the islands during December and persists for 
about 3 months. Late autumn and spring are the transitional 
seasons. During June to December, pH values are generally 
high and the excess sulphate, nitrate and ammonia concentra- 
tions are relatively low. However, from December to May the 
reverse is true (Fig. 1). This agrees with the general meteorologi- 
cal pattern described above, although July 1980 and February 
1981 represent exceptions. In July an unusually intense storm 
left the United States coast and reached Bermuda, stalling over 
the island and producing exceptionally heavy (20cm over 3 
days) and acidic (pH 4.4-4.7) rain which biased heavily the 
monthly average (Fig. 1). In February 1981, a blocking high 
pressure was established temporarily, bringing unseasonably 
mild weather for the first 3 weeks of the month, This North 
Atlantic meteorological effect is seen in the chemistry of the 
rain for these months. 

Figure 2 shows the average pH of rainwater associated with 
air masses arising in each of the three marked sectors as derived 


Table 1 Volume weighted mean annual concentrations of major constituents 
in Bermuda rain from 1 May 1980 to 30 April 1981 
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lon Conc, («Equiv 1°) in all wet-only samples 
H* 21.15 
SO2- 43.0 
NO; 6.31 
cr 221 
NH; 4.22 
K* 4.77 
Mg”? 46.1 
Na” 178 
Ca** 18.0 
Total cations 273 
Total anions 270 
*S07- 21.54 
Ko 0.99 
Mg*** 5.60 
Ca*** 10.15 
*SO2°/NO; 3.40 
NO Z/NHi 1.50 
Na*/Cl- 0.81 
*$02° /NHj 5.10 


* Non-sea salt components. 
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Fig. 2 Map of the north-west 
Atlantic Ocean showing the three 
sectors used for ARL back trajec- 
tories of Bermuda rain. The average 
pH of rain originating in each sector 
is indicated and the distribution of 
PH values for rain samples from that 
sector are shown in the histograms. 


30°N—. 


from ARL back trajectories'*’*. Clearly, the rainwater originat- 
ing over continental North America is markedly more acidic 
than rainfall originating in the other sectors. 

A comparison of the composition of rainfall in Bermuda with 
recently published data from the eastern United States'* reveals 
that in addition to a large increase in sea salt concentrations 
and a reduction in acidity by a factor of 3 during transit from 
the US coast, there is an increase in the *SO,/NO, ratio, 
indicating an increased relative importance for sulphuric acid. 
There are several possible reasons for the selective long-range 
transport of sulphuric as opposed to nitric acid rain precursors 
to the western North Atlantic from North America—these are 
discussed elsewhere’. 

In addition to demonstrating the existence and causes of acid 
precipitation on Bermuda, our results suggest that the disper- 
sion and neutralization of acid rain exported from continents 
may be a slow process. Over the North Atlantic to the west of 
Bermuda this appears to be due to the absence of suitable 
neutralizing agents in the troposphere. In view of this finding, 
we believe that long-range atmospheric transport of acid rain 
is possible. Indeed there is growing evidence of acid rain on 
remote areas’® although the cause of this acidity is often not 
as clearly defined as for Bermuda. 

We thank Susan Boyd for assistance; Commander M. J. 
Nemkosky Jr and his staff for meteorological information; and 
Mr A. Atwood and his staff at Bermuda Harbour Radio. This 
work was supported by the Bermuda Government, British 
Petroleum Trading Co. Ltd., ESSO Bermuda, US NOAA, 
EPA, and US DOE. This is contribution no. 891 from the 
Bermuda Biological Station and contribution no. 1 to the Global 
Precipitation Chemistry Programme. 
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The intrinsic palaeobiological importance of planktonic algal 
microfossils of Proterozoic and early Cambrian age has been 
widely documented'*. The evidence supporting the biostrati- 
graphical significance of planktonic microfossils in the correla- 
tion of Upper Proterozoic and Lower Cambrian sequences has 
also been assessed’**, We contend here that both within-flora 
(ax) and total (y) taxonomic diversity trends for late Proterozoic 
planktonic microfossils indicate that a distinct radiation of pre- 
sumed cyst-forming eukaryotic plankters occurred during late 
Riphean and early Vendian (used here in the sense introduced 
in refs 1, 8). Following this, a mid- to late Vendian extinction 
episode reduced observable plankton diversity by some 70%, 
extirpating most morphologically complex, pre-existing taxa. 

A second radiation restored high plankton ie levels, but 
not until well into the eariy Cambrian. 
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Organic-walled fossils of Proterozoic planktonic microorgan- 
isms are preserved in a wide variety of sedimentary rocks, 
ranging from lagoonal mudstones to distal turbiditic shales and 
greywackes. Microfossil assemblages can be correlated with 
sedimentary environments, permitting the palaeoecological dis- 
tributions of both taxa and diversity patterns to be recog- 
nized” *. The stratigraphical ranges of many late Proterozoic 
plankters are similarly discernible and from these has emerged 
a distinctive series of informal assemblage zones that makes 
possible the confident biostratigraphical subdivision and corre- 
lation of Upper Proterozoic sedimentary sequences**™, 
Because it is possible to observe both diversity patterns within 
a single time olane and biostratigraphical distributions in 
successive time intervals, it should be possible to examine 
planktonic diversity trends through late Proterozoic time. Such 
analysis reveals both expected patterns of taxonomic 
diversification and a hitherto unsuspected decrease in 
taxonomic diversity that took place near the end of the Pro- 
terozoic era. 

The planktonic nature of Proterozoic microfossils can be 
inferred on at least four grounds: 

(1) The fossils in question tend to be large (10->500 pm), 
robust walled, and, often, ornamented vesicles (Fig. 1). Several 
Proterozoic taxa further exhibit regular median wall splits, 
polygonal wall openings, or operculate structures, all of which 
probably represent excystment mechanisms’*’’*. In all of these 
morphological traits, the Proterozoic fossils are closely com- 
parable to Phanerozoic fossil plankton, as well as to the 
zoosporangia of extant cyst-forming plankters such as 
prasinophycean green algae’. 

(2) The conditions of occurrence and environmental distribu- 
tion of Proterozoic plankters are also quite similar to patterns 
reported from their Phanerozoic counterparts’. Palaeozoic’, 
Mesozoic'’, and modern phytoplankton species tend to have 
wide facies distributions, but biotas can be resolved into inshore 
and offshore associations. The same is true for late Proterozoic 


Fig. 1 Representative late 
Proterozoic and early Cambrian 
planktonic microfossils. Bar 
above o, 504m for a and k; 
25pm for b-d, g 7, and m; 
20 um for e and o, 20 um for f 
and i, 140 um for h, 70 wm for 
i l2um for n. (a) Favesos- 
paaeridium favosum Timofeev, 
Lower Vendan units of 
Visingsé Beds, Sweden; (4, c) 
Trachysphaeridinm laufeldi 
Vidal, Upper Riphean units of 
Visingsö Beds, Sweden (arrow 
im ¢ points to apparent opercu- 
late excystment structure); (d) 
T laminaritum  (Timofeev) 
Vidal, same locality; (e) Kildin- 
ea sp. ib of ref. 4), Lower 
Vendian Ekkerey Formation, 
East Finnmark, Norway; (f, g) 
SEM and opteal views 
of Octoedryxium truncatum 
(Rudavskaya) Vidal, Lower 
Vendian units of the Visingsd 
Beds, Sweden; (@) and if 
Trach yhystrichosphaera sp. 
fundescribed species) Upper 
Riphean Hunnberg Formation, 
Svalbard {arrows in k show 
spines protruding from robust 
inner wall: /, an enlargement of 
the lower surface of h, showing 
columnar spines asd the thin 
outer membrane they support); 
(i) K. lophostriata Jankauskas, 
Upper Riphean Kwagunt For- 
mation, Arizona (note striate 
wall structure}; (7, ki Vandalos- 
phaeridium reticulatum (Vidal) 
Vidal, Lower Vendian units of 


plankters®. Inshore and, especially, lagoonal biotas are charac- 
teristically low diversity assemblages dominated by one or a 
few taxa, while contemporaneous assemblages from open shelf 
rocks include a diverse and heterogeneous array of morphologi- 
cally complex forms??? ®. 

(3) When observable, the distribution of Proterozoic plank- 
ters is seen to be independent of the distributions of preserved 
benthic microbial associations. 

(4) As viewed in petrographical thin section, fossils inter 
preted as planktonic are generally more or less randomly 
distributed within rock samples, in sharp contrast to known 
microbial mat builders and other microbenthos which tend to 
be distributed along bedding. 

In general, the morphological and palaeocological criteria 
outlined above parallel those used to infer the nektonic or 
planktonic nature of such extinct Phanerozoic groups as 
ammonites, conodonts, or graptolites. Although there is room 
for error in interpretation, we are confident that virtually all 
of the microfossils included in this study do represent planktonic 
organisms that inhabited coastal or shelf Proterozoic seas. 

The taxonomic literature on Proterozoic planktonic 
microfossils contains numerous synonymies, descriptions of 
degradational forms, contaminants, and pseudofossils, and 
other problems that preclude the simple lifting of species lists 
from published reports. Therefore, for our analysis, we 
examined sequences of microfossil assemblages spanning the 
interval from the beginning of the Upper Riphean’ to the 
mid-Upper Cambrian, using only those species whose type 
specimens have been examined by one of us’ (G.V.). Suc- 
cessions examined come from East Greenland, northern and 
southern Norway, Sweden, the Russian Platform, the southern 
Urals, and Svalbard, Taxonomic diversity was compiled at the 
specific level (genera and suprageneric taxa are decidedly 
artificial), species being here defined, as in most other palaeon- 
tological applications, as the smallest morphologically definable 
units that are consistently recognizable and differentiable in 





Visingsö Beds, Sweden (k is a detail of h showing the internal supports for the outer wall of the fossil); (m) vase-shaped heterotrophic protist, Upper Riphean 
Backlundtoppen Formation, Svalbard; (n) Bavlinella faveolata (Shepeleva) Vidal, Upper Proterozoic Mineral Fork Formation, Utah; (o) Baltisphaeridium 


ornatum Volkova, Lower Cambrian Mickwitzia Sandstone, Sweden. 
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both time and space’’. The diversity levels plotted for successive 
stratigraphical intervals in Fig. 2 represent total (y) diversity; 
however, almost all forms examined are cosmopolitan and the 
within-flora (æ) diversity trends for each of our several localities 
closely mirror the figure presented. Note that while our study 
centred on the peri-North Atlantic region, sequences in part 
time-equivalent from as far away as Arizona and Namibia 
exhibit comparable trends. Further, although individual 
taxonomic decisions may be disputed by other students of early 
fossils, we believe that the overall shape of the curve, that is, 
its qualitative characteristics, is accurate and reflects real events 
in early plankton evolution. 

All but one of the microfossil species used in Fig. 2 (Bavlinella 
faveolata) are undoubtedly eukaryotic, and so Fig. 2 can be 
viewed as a depiction of the early evolution of nucleated cells. 
The oldest microfossils that can’ be interpreted with some 
confidence as probable eukaryotes are found in ~1,400-Myr 
old shales of the lower Belt Supergroup, Montana’. In addition 
to filamentous cyanobacterial sheaths and thin-walled 
spheroidal vesicles (possibly envelopes), this microbiota con- 
tains what may be the oldest robust-walled acritarchs. Data for 
the ensuing Middle Riphean interval are sparce, but available 
information suggests that diversity rose gradually during this 
period. 

As is evident from Fig. 2, Upper Riphean sequences are 
characterized by the widespread expansion of sphaeromorphic 
acritarchs displaying a wide variety of sculptural patterns and 
possibly excystment mechanisms’*. The succeeding Lower 
Vendian’ (perhaps equivalent to the uppermost Riphean 
Kudashian of the southern Urals) biota is even more diverse. 
The significance of this expansion is perhaps best understood 
by analogy to the well known Cretaceous diversification of 
angiosperm pollen taxa documented by Doyle’*.. Arguments 
over flowering plant antiquity long centred on the interpretation 
of scattered and, often, poorly preserved individual plant fossils. 
Doyle demonstrated that no matter when angiosperms first 
evolved, the early Cretaceous period marked the evolutionary 
radiation and ecological rise to dominance of the group. We 
contend that the late Riphean diversification of marine 
acritarchs tells a similar story. It is unlikely that this radiation 
documents the initial appearance of eukaryotic cellular organiz- 
ation. Indeed, most models for eukaryogenesis call for early 
cells that were wall-less and, hence, virtually unfossilizable. The 
late Proterozoic expansion does, however, record the initial 
expansion and rise to ecological importance of presumably 
cyst-forming eukaryotic plankton, and, thus, the initial radiation 
of nucleated organisms observable in the fossil record. As far 
as known, eukaryotes radiated in the late Riphean and early 
Vendian intervals and, insofar as the fossil record permits us 
to compare different environments, first established dominance 
in the planktonic realm’*. By the end of the Riphean era, the 
preservable plankton biota included vase-shaped heterotrophic 
protists, as well as algae. 

A drastic change in the marine plankton biota occurred in 
mid-Vendian (Varangerian’*) times, coincident with the wide- 
spread Varangerian glacial epoch*. Almost 70% of pre-existing 
taxa disappeared, including almost all of the morphologically 
complex early Vendian acritarchs and leaving a depauperate 
biota of simple sphaeromorphs and multi-sphere microfossils 
interpreted as endosporulating cyanobacteria (B. faveolata 
(Shepeleva) Vidal’). B. faveolata is known to have dominated 
glacially influenced marine environments, probably proliferat- 
ing in ecologically stressed conditions’**’. 

Although the Varangerian plankton record leaves much to 
be desired because of associated erosional contacts and hiatuses, 
the reality of the extinctions can be supported on several 
grounds. (1) Marine Varangerian rocks do exist and contain 
low diversity assemblages. Such within flora diversity does not 
depend on outcrop representation in the same way as does total 
diversity (at least for biotas in which not all forms are cos- 
mopolitan)*°. (2) One can argue that observed low Varangerian 
plankton diversities result from a biased sampling of environ- 
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Fig.2 Diversity changes in the late Proterozoic and early Cambrian plank- 
ton record. Upper chart shows details of diversity changes near the Pro- 
terozoic~Cambrian (wavy lines between stratigraphical intervals indicate 
transgressive contacts in Scandinavia; saw-tooth lines indicate erosional 
disconformities). The lower chart illustrates diversity changes within a 
broader framework of time. The dotted line is an estimate of the course 
of eukaryotic plankton diversity from 1,400 Myr pp, the date marking the 
oldest known probable eukaryotic plankters, to the Upper Riphean (where 
data become quantitatively reliable). The charts originate from published 
and unpublished data of continuous Upper Proterozoic~-Lower Cambrian 
sequences in Greenland, Scandinavia (including Svalbard), the Russian 
Platform, the Urals, and so on, comprising thousands of investigated 
samples, The microfossi! taxa on which the numerical data are based are 
listed in refs 1, 2, 4-6, 17, 18, 19, 21-23. The Vendian is here used in the 
sense proposed in refs 1, 8, and comprises pre-Varangerian, Lower Vendian, 
units in Scandinavia which may perhaps be equivalent with the terminal 
Riphean (Kudashian) of the southern Urals in the USSR. Definitive proofs 
for this are, however, missing. 


ments—that we are looking at glacially influenced sequences. 
This is true for the most part; however, immediately superjacent 
Valdaian (Upper Vendian) strata are equally species poor, and 
these deposits are widespread and well sampled. Taxa that 
disappeared at the end of the early Vendian (= Kudashian?) 
period simply did not reappear, even though non-glacially 
influenced environments appropriate for their growth and 
preservation returned. (3) The taxa that disappeared apparently 
became extinct without issue. Not only do diagnostic acritarchs 
like Trachysphaeridium laufeldi and Kildinella lophostriata 
(Fig. 1) disappear at the end of the upper Riphean—early Ven- 
dian period, but younger acritarch assemblages contain no 
fossils that seem to belong to the same phylogenetic clade. 
Thus, there is little doubt that the latest Proterozoic eon wit- 
nessed a significant extinction episode in the microplanktonic 
realm. It is tempting to relate this biological event to the 
Varangerian glaciation(s) because of the time coincidence; 
however, any hypothesis relating the two phenomena must be 
speculative. 
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Plankton diversity rebounded sharply in early Cambrian 
times (Fig. 2), with the radiation of spinose forms attributed to 
the Palaeozoic acritarch genus Baltisphaeridium and other new 
and morphologically complex acritarch forms. When it oc- 
curred, the Cambrian radiation was remarkably rapid; however, 
note that the most comprehensive radiation does not coincide 
in time with the beginning of the Cambrian period®’. Plankton 
diversity underwent a slow increase throughout the Sub-Holmia 
‘stage’??? of the lower Cambrian system. 

We conclude that the fossil record of early eukaryotic plank- 
ton has a distinctive and not entirely predictable shape. Late 
Riphean and early Vendian microplankton assemblages indi- 
cate a dramatic morphological (taxonomic) diversification that 
represents the first recognizable radiation of eukaryotic algae 
and documents their rapid rise to dominance in coastal plank- 
tonic habitats. An equally striking drop in diversity near the 
end of the Proterozoic era is interpreted as the first recognizable 
episode of widespread extinction. More data, particularly from 
sedimentary sequences outside the peri-North Atlantic area 
will be required to test and refine the arguments presented here. 

This work was supported by grants from the Swedish Natural 
Science Research Council (N.F.R.) and the Knut och Alice 
Wallenberg Stiftelsen (G.V.) and NSF grant DEB 80-04290 
(A.H.K.). 
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We report here the first field investigation of the relationship 
between the songs experienced by female songbirds early in 
life and those produced by their mates. Our 6-yr study of the 
great tit (Parus major) showed that females in a ringed popula- 
tion tended to be mated with males singing slightly ‘unfamiliar’ 
songs, where ‘familiar’ songs are defined as those sung by the 
female's father. This result parallels recent findings on sexual 
imprinting in birds™?. 

We recorded the songs of all the breeding male great tits 
‘between 18 and 33 birds in a year) in Marley Wood, Oxford, 
during 1975-80. Most of the breeding adults and all their young 


O 


Table 1 Mating and song sharing in the great tit 
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No. of songs shared with female’s father 


a 

0 1 >I 
Husbands 6 11 0 
Other males 242 157 45 
b 

0 1 >1 
Husbands 6 14 0 
Other males 84 50 10 
c Degree of difference between father and husband* 

‘Similar’ ‘Intermediate’ ‘Different 

Observed (husbands) 3 5 1 
Expected (other males) 3-15 1:8 4-05 


SOOO a enoaan 


a, The number of females mated to males sharing 0, 1 and more 
than 1 song with the female’s father. This distribution was compared 
with one obtained by counting all the males (except for fathers) in 
Marley Wood in the year in which the female in question bred. The 
table shows overall heterogeneity (xžar. =6.8, P<0.05), and a com- 
parison of ‘one song shared’ versus ‘no son s` or ‘more than one song’ 
is significantly different from expected (y1a¥. = 6,09, P<0.02). b, A 
similar analysis to that in a, but considering only males that nested 
between 201 and 400 m from the female’s birth site. The table shows 
overall heterogeneity (v3a4, = 6.6, P<0.05), Comparison of ‘one song 
shared’ versus ‘no songs or more than one’ Xas = 5.82, P<0.02. 
c, Of the 17 husbands analysed above, 11 shared one song with the 
female’s father. In nine of these cases other males in the husband's 
year also shared the song with the father. For these nine songs it was 
possible to compare the difference in detailed song structure between 
father and husband with that between father and other males. Husbands 
fell into the category ‘intermediate difference’ slightly more often than 
expected (P = 0.06, Fisher exact test). It is reasonable to test the table 
directly for an excess of ‘intermediate’ mates because b predicts this. 

* (1) Take six measures of song structure for all males (including 
husband) that share the song type in question with female’s father. (2) 
Rank males in order of similarity to father on each measure. (3) Divide 
rank orders in three equal-sized categories: ‘similar’, ‘intermediate’, 
‘different’. (4) For each male determine which category is commonest. 
(Ties: share between tied categories.) Use this as estimate of overall 
similarity. (5) Compare observed distribution of similarity between 
husbands and fathers with that expected based on all other males. 


were individually ringed throughout the study. The recordings 
were made before and during the breeding season (March—May) 
by visiting all the territorial males several times to record both 
spontaneous song and song produced in response to playback 
tapes. Each male had a repertoire of one to six song types 
(ï = 2.98, n = 152). We classified the 454 songs recorded into 
41 categories by inspecting narrow band sonagrams. Great tit 
song is a loud vocalization consisting of rhythmically repeated 
units (phrases) which are uttered in bursts with intervals of 
silence between. The major criteria for classifying songs were 
as follows’: (1) number of notes per phrase, which varies over 
1-11; (2) type of note (pure or modulated); (3) frequency 
relationship of notes (for example, in a song with two note 
types, one pure, one modulated, the pure note could be of 
higher or lower frequency than the modulated; these two 
possibilities would count as two different song types); (4) dura- 
tion of song phrase. We placed less emphasis on variation in 
duration of notes and modulation rate within notes. When 
P.K.M. and J.R.K. classified songs independently they obtained 
85-95% agreement. The song types about which we did not 
agree were usually rare ones sung by only one bird in a year 
and we assigned these to new categories. 

Our analysis is based on 17 females for which we knew the 
repertoires of both husband and father. We compared the songs 
of the 17 ‘pairs’ of female’s fathers and mates in two ways: first 
by looking at the number of song types shared, and second by 
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examining the detailed structure of any songs that were sung 
by both males. 

Table 1a shows that females are more likely than expected 
by chance to be mated with males that share one song type 
with the father. There is also a slight but nonsignificant sugges- 
tion that the 17 females avoid mating with males possessing 
‘rare’ songs (those used by four or fewer males in a year). The 
observed number of females mated to a male with more than 
one rare song was 1 out of 17, while the expected number was 
3.55 out of 17 (P~0.1 Fisher exact test). Rare songs tend to 
be sung by immigrant males from outside the wood’. The 
females were all born within the wood, hence the observed 
trend suggests avoidance of mating with males from other 
populations. This conclusion might be spurious if we have 
overestimated the availability of unpaired immigrant birds, as 
might happen, for example, if immigrant birds (mostly young 


ones) arrive already paired. However, young birds disperse in 


July-August and usually do not pair until September- 
February’, which suggests that any non-randomness of pairing 
arises after, not before, birds immigrate. 
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Fig. 1- a, The correlation between the rate of song sharing 
{(N/R), where N = number of songs shared and R = repertoire 
size of the reference male] by males and the distance between 
their territories. There are five distance categories and we 
measured the rate of song sharing in each category for 6 yr 
(therefore n =5x6=30). The results are expressed as rates of 
song sharing relative to the mean for each year in order to eliminate 
between-year differences in mean rate. The mean number of songs 
shared between neighbours (distance category 1) is 0.65 songs. 
b, The similarity of songs-shared by fathers and males within the 
Marley population (open histograms), and fathers and males out- 
side Marley Wood (shaded). The height of the histograms indicates 
the number of males in each similarity category (see text for 
calculation) as a proportion of all Marley males (n = 18) or all 
non-Marley males (n =7). Actual numbers are given above each 
histogram, that is, eight Marley males share a song type which is 
the same as the father’s and is similar in detailed structure. Only 
two song types were found within and outside Marley; the results ° 
for these have been combined. 


Table 1 computes the expected distribution by counting the 
number of males sharing 0, 1 and >1 songs with the father. 
In this calculation we pooled all the males in Marley Wood 
during the year in which the female in question bred. This 
assumes as a null hypothesis that a female is equally likely to 
mate with any male in the wood. However, it is known that 
females undertake dispersal from their natal site before breed- 
ing and are hence unlikely to mate with males nesting very 
close to the father’s territory. Furthermore, the rate of song 
sharing between males is correlated with distance between their 
territories (Fig. 1a). We therefore refined our null. hypothesis 
by calculating the expected distribution using only males living 
between 201 and 400m from the females’ birth site. This 
corresponds to the average dispersal distance of three territories 
for females calculated by Greenwood et al.°. Table 1b shows 
that females are less likely than expected to mate with males 
sharing 0 or >1 song with the father. However, the slight 
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tendency to avoid husbands with rare songs disappears when 
dispersal is taken into account (the revised expected number 
is 0 out of 17, the observed is out of 17). 

By correcting for dispersal distance, we have tried to elimi- 
nate the possibility that our results could be explained solely 
as a by-product of dispersal distance.. This does not, however, 
show that song and dispersal are unrelated: for example, young 
birds could be sensitive to the changing frequency of song types 
with distance (Fig. 1a) in choosing where to settle. 

Table 1b can be considered in two parts in order to assess 
the contribution of avoidance of similar and dissimilar reper- 
toires to the final result. Comparison of columns 2 and 3 of 
Table 1b shows only a slight suggestion of avoidance of males 
with very similar repertoires to the father (vig, =2.13) and a 
similar comparison of columns 1 and.2 shows that significantly 
fewer than expected husbands occur in column 1 (P< 
0.05,xja;=4.7). Therefore, both effects contribute to the 
overall level of significance, but avoidance of dissimilar reper- 
toires has a greater effect. 

Table ic shows that the bias in favour of ‘intermediate degree 
of difference’ shown above for song types also applies to detailed 
song structure. For 9 of the 11 husbands which shared a song 
type with the female’s father we could compare the degree of 
difference between husband and father with that between 
fathers and other males in the population (see Table 1 legend 
for details of the method). Slightly more females than expected 
were mated to. males of intermediate difference. As in Table 
1b, we corrected for dispersal distance in constructing our null 
hypothesis, as the degree of similarity of detailed structure 
varies with distance between territories’’ (Fig. 1b). 

Thus, our results are best explained by the idea that females 
prefer a balance between similarity and dissimilarity. The trends 
we have observed could be summarized as ‘prefer males that 
share one song type.with father, prefer shared song to be slightly 
different from father’s’. A parallel finding for plumage patterns 
has been found in experiments on sexual imprinting in quail’*”’. 
This has been interpreted as indicating that females might strike 
an optimal balance between inbreeding and outbreeding, an 
effect described in plants®. Avoidance of inbreeding”’”® (which 
is known to be disadvantageous in great tits’') and outbreeding” 
has previously been suggested as a possible consequence of 
song learning in birds. Although our results are consistent with 
the predictions of optimal outbreeding, we must still test the 
three main assumptions of the hypothesis: (1) Females learn 
paternal songs. (2) Song types influence mate .choice in the 
great tit, as found in other species’*’*. (Song seems to be 
important in mate attraction in the great tit because males 
whose mates have been removed sing more than paired males 
at the same time of year'’.) (3) There is a cost of outbreeding 
between populations, as has been shown in some other 
species’, 
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Male Eufriesia purpurata, a 
DDT-collecting 
euglossine bee in Brazil 
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While studying the ecology of the malaria vector Anopheles 
(Nyssorhynchus) darlingi Root along the Ituxi River, 
Amazonas, Brazil, we observed aggregates of bees on the walls 
of houses that were routinely sprayed with DDT. Several bees 
collected from DDT-treated house walls in August 1978 were 
identified as male specimens of Eufriesia purpurata (Moscary) 
of the tribe Euglossini (Hymenoptera: Apoidae). (The bees 
were identified as Euplusia purpurata by Anthony Raw, 
Laboratorio de Ecologia, Universidade de Brasilia. The change 
of generic name from Euplusia to Eufriesia is based on ref. 
1.) These bees were well known to the local residents as the 
insects that eat DDT and we present here the first documenta- 
tion that they (1) are attracted to DDT, (2) actively collect 
large quantities of DDT from treated house walls and (3) suffer 
no apparent insecticidal effects. We also found that the 
frequency of house visiting is most intense during July to Sep- 
tember. Most bees arrive at houses before 12.00 h, remain 
2-3 h and return on subsequent days to collect more DDT. 
Noise produced by bees as they collected DDT was a notable 
disturbance to 76% of 21 families interviewed along the Ituxi 
River. 

The euglossine bees have been extensively studied due to 
their important role as plant pollinators. Both males and females 
provide valuable pollination services, but a more specific 
relationship has been found for the males in their pursuit of 
certain flower odours, and many flowers only attract a single 
bee species that affects pollination®’. The attractants of male 
euglossine bees are characteristically aromatics and monoter- 
penes’. 

Five bees collected in 1978 were analysed for DDT residues 
in accordance with analytical procedures recommended by the 
United States Environmental Protection Agency*. The head, 
thorax, abdomen and fore-, mid- and hindlegs were processed 
separately for each specimen (wings were discarded). The body 
parts were weighed, before DDT extraction, to obtain con- 
centrations of insecticide in parts per million (p.p.m. or pg per 
g) by body weight. 

The sum of the DDT isomers expressed as DDTR, converted 
to p.p.m. by dry weight, revealed exceptionally high concentra- 
tions of DDT (Table 1). Highest concentrations were con- 
sistently found in extracts of the hindlegs, indicating that DDT 
was stored in the hind tibial pouch. This finding was consistent 
with observations on the storage site of other attractants collec- 
ted by euglossine bees’. 








+ Present address: Department of Entomology, Walter Reed Army Institute of Research, 
Washington, DC 20012, USA. 

+ Present address: Instituto de Medicina Tropical de Manaus and Universidade do Amazonas, 
Estrada Pedro Texeira S/N, Manaus, Amazonas, Brazil. 
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During investigations made from September to October 
1979, the attractancy of DDT to males of E. purpurata was 
demonstrated by exposing two treated boards for each of the 
major components of the standard DDT wettable powder for- 
mulation. The standard DDT powder consisted of 75% DDT, 
talc and a wetting agent and was sprayed on house walls as a 
suspension in water. A common house construction material, 
slats from agai palm, was used for the 22.5 x 9.0 cm test boards. 
The surface of two boards was wetted for each of the following 
treatments; (1) three times with 625 p.p.m. DDT (technical 
grade) in methanol solution; (2) suspension of talc in water; 
(3) water; and (4) methanol. The specific wetting agent could 
not be identified and was not included in the test; as it was a 
minor component of the spray formulation, we decided that 
the compound should be identified and tested only if there was 
no apparent DDT attractancy. The treatments described above 
provided eight boards which were exposed simultaneously to 
populations of E, purpurata. 

Treatments were exposed in random block design (two rows 
of four boards each) on a tree 0.5 m above the ground. Bees 
were common around the tree because an ant nest at the tree 
base had been sprayed with DDT in April 1979. Treated boards 
were randomly assigned to eight fixed positions and were relo- 
cated seven times. Visual counts of bees on the boards were 
made on 3 days. Eighty-three E. purpurata landed on the 
DDT-treated boards, as determined by 23 separate counts, and 
no bees landed on any other boards. Analyses for DDT surface 
residues on the treated and untreated boards revealed DDTR 
concentrations of 1,236 and <1.0 p.p.m., respectively. That 
the concentrations on treated boards were lower than expected 
was probably due to leaching of some DDT crystals by a light 
rain on the last day of observations. These test results demon- 
strated the specific attractancy of DDT for E. purpurata males. 

The daily house-frequenting activities of male E. purpurata 
were also studied, either by conducting hourly counts of bees 
by location in the house or by collecting all bees as they arrived 
at the house. Bees were collected using aerial nets and numbers 
captured were recorded at 15-min intervals. Count and collec- 
tion data were obtained for a 5-day series with hourly counts 
performed on days 1 and 3. Continuous collections were con- 
ducted on days 2, 4 and 5. 

The hourly counts produced a mean of 397 bees per day 
compared with a mean of 135 bees per day captured during 3 
days of continuous collections. The collection data indicated 
that most of the bees that visited the house on a particular day 
first arrived before 12.00 h. Studies of in-house distributions 
of bees and insecticide residues revealed that ~78.6% of the 
bees were located on the inner walls of the house during the 
2 days of hourly counts, the remaining 21.4% being observed 
on the thatch ceiling, exterior walls and wood superstructure 
of the house. Wall and ceiling samples were collected from four 
houses to document the within-house distribution of DDT 
residues. Average DDTR concentrations in p.p.m. (range limits 
in parentheses) were as follows: upper ceiling, 152 (36-413); 
lower ceiling, 5,892 (10~9,225); interior wall, 102,101 
(40, 670-170,670); exterior wall, 2,120 (35-8,110). Clearly, 
the within-house site of highest DDTR concentrations 
corresponded with the site of most intense bee activity. 

Twenty-eight bees from these studies were analysed for 
DDTR concentrations. The geometric mean DDTR concentra- 
tions in bees collected immediately on arrival at the house, 
specimens marked while collecting DDT and captured 24h 
later, and specimens marked in the morning and captured in 
the afternoon, were 1,197, 4,809 and 2,152 p.p.m., respectively. 
The DDTR concentrations found in bees captured early in the 
morning, before they could alight on the DDT-treated walls, 
indicated that many specimens had collected DDT ona preced- 
ing day and survived through the night. Furthermore, 3 of about 
50 bees that had been marked with an acrylic paint on day 3 
were recaptured on day 4. 

In July-August 1980, studies were conducted with mark- 
capture and bioassay methods to define further the effects of 
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DDT on bee longevity. The bees were individually marked with 
USR fluorescent pigment 1953 as they collected DDT from 
the house walls and were identified with a Blak-Ray, ULV: 56, 
long-wave UV lamp on subsequent capture. This procedure 
was used in a 6-day series of observations to confirm previous 
findings on the diurnal activity patterns. The bees were counted 
hourly and 103 specimens were marked on day 1. Continuous 
collections of bees were made on day 2; this was followed by 
a repeat of the first day activities on day 3, when an additional 
108 bees were marked. Continuous collections were again made 
on days 4, 5 and 6. Seventy (33%) marked bees were captured, 
with 20, 19, 16 and 15 being captured on days 2, 4, 5 and 6, 
respectively. These results clearly indicate that the bees survived 
the exposure to DDT and returned on subsequent days to 
collect DDT from sprayed houses. 

Results from this 6-day series.of observations on the diurnal 
activity cycles were in general agreement with the 1979 studies. 
A daily mean of 188.5 bees were recorded during 2 days of 
hourly counts whereas the mean number captured per day was 
89. The main difference was that proportionately more 
euglossine bees were captured in the afternoon during the 1980 
studies; for example, 60% of the total was captured before 
12.00h in 1980 compared with 92% in 1979. Count and 





Table i Residue levels of DDTR in male Exfriesia purpurata collected from 
sprayed houses along the Ituxi River, Amazonas, Brazil 
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collection data were also used to calculate crude estimates of 
time that the average bee remained in the house by dividing 
the mean number collected in the house per day by the mean 
daily number reported in hourly counts—2.9 and 2.1h for 
studies in 1979 and 1980, respectively. These estimates clearly 
indicated that individual bees actively collected DDT for a 
considerable length of time. 

The bioassay test consisted of comparing mortalities in bee 
populations that had been exposed to DDT with unexposed 
populations. In 1979 we discovered that E. purpurata males 
could be attracted to DDT-treated sheets in the forest. There- 
fore, at a site ~5km from human habitations, two screen- 
encased DDT-treated sheets were used to attract bees, which 
were captured and subsequently used as normal controls in a 
bioassay test. Twenty-five bees captured from house walls and 
18 captured in the forest were placed individually in tubes, 
provided with cotton pads soaked with 10% sucrose solution 
and observed for mortality. All bees were held in a Styrofoam 
ice chest to maintain a high humidity and protect against tem- 
perature extremes. After 54 h, 22% of controls had died com- 
pared with only 8% mortality among specimens collected from 
the DDT-treated walls. When this test was repeated in October 
1980, the 48-h mortalities were 20 and 28% for the control 
and test populations, respectively. Our bioassay test results, 
plus the mark~-capture data, gave no indication that the E. 
purpurata males were in any way harmed by high concentrations 
of DDT. In addition, we have made observations for many days 
on hundreds of bees as they collected DDT and no specimens 
demonstrated insecticidal effects (for example, loss of orienta- 
demonstrated insecticidal effects (for example, loss of 
orientation, weakness, paroxysms). This is surprising because 
the average LD: of p,p'-DDT for honeybees is 6 ug per 
bee’. In contrast, the average concentration for this isomer 


in five specimens of E. purpurata was 2,039 pg per bee 
(Table 1). . 

Head of household interviews were conducted in July 1980 
for 21 families along the Ituxi River. All individuals knew of 
the bees and 71% had bees in their houses at the time of the 
interviews. In addition, 100% responded that there had been 
no house-visiting bees until the malaria control spray pro- 
gramme was begun. There was unanimous agreement on the 
time of year that the bees appeared in significant abundance— 
July-September. Noise produced by bee activity reportedly was 
not disturbing to 5% of those interviewed, more or less dis- 
turbing to 19% and was a notable disturbance to 76% of the 
families interviewed. Fortunately, male euglossine bees are 
stingless. 

Euglossine bees have been reported to frequent houses in 
other areas of the Amazon Basin, and have also been observed 
brushing on house walls near Iquitos, Peru (R. L. Dressler, 
personal communication). That this is a widespread 
phenomenon was verified by a recent report on sightings of 
E. purpurata in houses in many areas in the state of Pará, Brazil", 

Simple summary statistics suggest that populations of E. 
purpurata remove significant amounts of DDT from sprayed 
houses. An average of 112 bees per day were collected from 
a DDT-treated house during studies in 1979-80. If each bee 
removed 2,459 ug of DDT (value = average dry weight of bee x 
average DDTR in yg per g = 0.0982 x 25,044.6), then a total 
of 24.8 g of DDT, theoretically, could be removed during 3 
months of intense bee activity. This would be equivalent to 
stripping the DDT from 12 m” of wall surface. However, as 
individual bees make repeated visits to houses, we conclude 
that our estimate for numbers of bees per day is an overestimate 
and, thus, they probably do not remove a sufficient amount 
of DDT to have an adverse impact on the malaria control 
effort. 

Observations reported here demonstrate that male E. pur- 
purata are attracted by the odour of DDT, which stimulates 
their behaviour of brushing the insecticide from walls for storage 
in a pouch of the hind tibia. The reasons for this behaviour are 
unknown but it may be that DDT or some aspect of its structural 
conformation is mistaken by the male bees for an odour sub- 
stance which they normally collect in nature. Such substances 
could serve as territorial markers or they may be metabolically 
altered and secreted as sex attractants’’*. More recent research 
on the fate of odour substances provides additional evidence 
that collected substances are metabolized (or altered) by 
the male bees (N. H. Williams, personal communication). 
Clearly, many aspects of euglossine biology remain to be 
clarified. 
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resist invasion by the malarial 
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It has been suggested that one of the main factors which 
determines host susceptibility to different malarial parasites is 
the interaction of their invasive forms, merozoites, with specific 
receptors on the red cell membrane’~’. Thus the Duffy blood 
group determinants may be involved in the entry of Plas- 
modium vivax but not of Plasmodium falciparum into human 
red cells. When analysing red cells deficient in various blood 
group antigens, Miller et al. noted? that two samples of En(a—) 
cells showed a reduction of invasion by P. falciparum *. These 
cells lack both the major transmembrane sialoglycoprotein, 
glycophorin A (or MN glycoprotein), and the independently 
segregating Wright” (Wr’) antigen and also show increased 
glycosylation of band 3, the major membrane-penetrating gly- 
coprotein. Despite this, En(a~) individuals are haematologi- 
cally normal’. We have now confirmed that En(a—) cells 
obtained fresh from three En(a—) individuals are indeed rela- 
tively resistant to invasion by P. falciparum although they are 
able to support parasite development. Our results alse indicate 
that these cells may be a useful model in the search for a 
putative receptor for P. falciparum. 

We have compared the rates of invasion by P. falciparum of 
normal and En(a—) cells obtained from the British” (MEP), 
Finnish’? (GW) and Canadian’? (RL) homozygous En(a—) 
individuals using an in vitro culture system®* (Table 1). The 
numbers of parasites found in the En(a—) cells were significantly 
less than in the En(a—) controls using either the continuous 
asynchronous culture system® (incubation period 72h) or the 
synchronized short-term (12-18 h) microtissue culture tray sys- 
tem”. The fact that parasite numbers are smaller in the longer- 
term cultures with cells from MEP is probably explained by 
some parasites being able to go through more than one 
schizogony, thus amplifying the differences between the En(a—) 
and En(a+) cells. 

Because the reduction of invasion into En(a—) cells was 
relative rather than absolute, it was particularly important to 
control for contamination by En(a+) cells unavoidably present 
in the infected blood. This was achieved by using fetal haemo- 
globin (HbF) as a marker of En(a+) cells in the parasite culture. 
By using a modification of the acid elusion technique’? to stain 
for HbF, to exclude En(a+) cells from parasite counts’*, we 
confirmed that there was some invasion of En(a—> cells but 
much less than of En(a+) cells. The more marked reduction in 
parasite numbers in GW and RL compared with MEP is 
surprising because whereas MEP cells, in addition to being 
deficient in glycophorin A, are also partially deficient in glyco- 
phorin B'*, a glycoprotein sharing considerable homology 
with glycophorin A’, the cells of GW and RL lack only glyco- 
phorin A. 

Once inside the En(a—) cells, parasites were able to develop 
as successfully as in En(a+) cells (Table 2). In these experiments 
also, HbF was used as a marker to control for contaminating 
En(a+) cells from the infected blood. These results indicate 
that defective invasion rather than development is the 
mechanism whereby parasites fail to interact with En(a—) 
cells. | 
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Because of previous sensitization by transfusion or during 
pregnancy, the sera of En(a—) individuals usually contain anti- 
En’ antibodies of varying titres. Just as En(a—) cells have several 
membrane alterations, anti-En” sera contain antibodies with at 
least three specificities-—-against the portions of the glycophorin 
A molecule which are respectively sensitive and insensitive to 
trypsin and against the Wr” antigen’. The effect of anti-En* 





Table 1 Invasion of En(a+) and En(a~) cells by P. falciparum 


AAU NNO etre 





tees 


Incubation Parasites per 100 red cells 
Test cells time {h} En{a+} En(a~} En(a-}/En(a+) 

MEP, 72 8.4 1.4 0.17 
6.2 2.0 0.32 
4.9 1.9 0.39 

Mean 0.29 + 0.06 
MEP, 12-18 7.5 3.2 0.43 
12.0 5.0 0.43 
10.3 5.9 0.57 

Mean 0.48+0.05 
GW 12-18 13.4 1.9 0.07 
T2 0.6 0.08 

; Mean 0.08 + 0,07 
RL 12-18 6.7 0.9 (1.3) 0.13 
93 14 {2.1} 0.15 
7.5 1.12.2) 0.15 


Mean 0.14 +0.01 





The Uganda-Palo Alto strain of P. falciparum used was maintained in con- 
tinuous culture using previously described methods**. In the 72-h cultures, cells 
containing asynchronous parasites were mixed in a 1:10 dilution with uninfected 
En(a+) or En(a--) ceils and grown in Petri dishes with changes of medium every 
i2h. In all cases, the cells, if not used immediately, were stored at 4°C in 
citrate/phosphate/dextrose (CPD). After 72 h, samples from the cultures were 
smeared and stained to count the number of parasites (all stages) present. At 
least 1,000 cells were counted. The starting parasite count in these experiments 
was ~1%. Parasite growth for the short-term invasion assay was synchronized 
using a 5% sorbitol solution’’. Schizonts were concentrated with a 3% gelatin 
solution (Plasmagel)*' and mixed with uninfected cells at a dilution of 1:6~1:20 
to obtain a 1.5% celi suspension with 2-5% of the cells containing schizonts; 
200 yl of the mixture were pipetted into each well of a microtissue culture plate, 
incubated for 12~18h at 37°C in a mixture of 5% 0,/7% CO.,/88% N, and 
then smears were made and stained. Parasite numbers were assessed by counting 
the number of ring forms in at least 1,000 cells. The relative multiplication in 
the En(a~) cells was calculated as a proportion of the controls+s.e.m. Cells from 
En(a—) individuals were obtained on two occasions from the Sheffield Blood 
Transfusion Service, UK (MEP}, from the Red Cross Blood Transfusion Service, 
Helsinki (GW) and from the Red Cross Blood Transfusion Service, Montreal 
(RL). These and control En(a+) bloods taken at the same time were collected 
in CPD or acid/citrate/dextrose (ACD). (In the experiments with the En(a—) 
cells of RL, infected blood came from cultures containing fetal haemoglobin 
(HbF). Thus by staining smears using a modification of the acid elution technique’? 
the counting of parasites in the HbF-containing En(a+) cells could be excluded. 
Figures in parentheses show parasite counts in all cells (adult and HbF-containing). 





Table 2 Development of P. falciparum in Enia—) cells 





Invasion 
Parasites per Development 
100 red cells Schizonts per 100 singly infected cells 
(En(a~)/En(a+)  Enfa+) En(a-} (Enfa-)/En(a+)) 
0.13* 79 78 0.99 
0.15* 80 79 0.99 
0:15" 80 82 1.03 
0.35 68 70 1,03 
0.32 67 70 1.04 
0.16 70 77 1.10 
0,42 71 79 1.11 
Mean 0.24 +0.04 ` 1.04+0.02 





The methods used were as for Table 1, The cells used were from the Canadian 
Enla—) individual (RL). The medium in the microtissue culture wells was changed 
at ~15 and 40h. Development was assessed at 48 h by counting the number of 
parasites in 100 singly infected cells that had matured to the schizont stage (that 
is, a large parasite with the chromatin clearly divided into at least two distinct 
entities). 

* In these experiments infected blood came from cultures containing HbF. 
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Table 3 Invasion of En(a+) cells by P. falciparum in the presence of anti-En’® serum 











Parasites per 100 red cells 


| Titre ABS Anti-En* Anti-En* Unabsorbed 
Serum ireciprocal) (unabsorbed) (absorbed) Absorbed 
GW, 64 9.2 1.7 Not tested 
5.6 0.6 5,9 0.10 
8.20 1.1 9.3 0.12 
7.4 1.0 7.9 0.13 
3.8 0.6 3.9 G.15 
Mean 0.13+0.07 
GW, 8 10.1* 4.0 12.7 0.31 
11.5 6.2 14.4 0.43 
9.2* 4.7 10.6 0.44 
11.6 §.0 9.1 0,55 
17.4 12.2 16.0 0,76 
Mean 0.504 0,08 
MEP 8 16.1 6.4 18.9 0.34 
7.7 3.5 9,4 0.37 
9.2* 4.4 9.5 0.46 
11.2 5.6 11.0 0,51 
7.6 4.6 8.2 0.56 
10,1* 5.4 9,5 0.59 
17.4 8.7 14.4 0.60 
Mean 0.49% 0.04 





| ~The methods used were as for Table 1 except that 50 ul of the medium per well was substituted with 50 ul of the serum to be tested”. Group O-positive cells 
-were used in all experiments. Sera from the En(a—) individuals were obtained on several occasions. The first example from GWi{GW,) contained sodium azide added 
as a preservative. As azide is toxic to parasites, this serum was dialysed with parallel AB serum (ABS) controls against three changes of 11 of phosphate-buffered 
‘saline pH.7.4. The sera from MEP and GW, were taken directly from the patients then placed in sterile preservative-free. containers, The titres of the sera were 
determined by indirect anti-immunoglobulin tests carried out on all the sera at the same time. The sera possessing anti-En* antibodies were absorbed by incubating 
them with an equal volume of group O +ve cells for 1 h at 37°C. Similar treatment of ABS did not alter the rates of invasion (data not shown). Successful ahserpiien 


of these anti-En* sera was confirmed by indirect antigiobulin testing using En(a+) cells. 
* In these experiments the concentration of serum was increased from 50 to 100 yl per well. 


sera on parasite multiplication was examined in several experi- 
ments (Table 3). The presence of antibodies on the red cell 
surface was confirmed by direct anti-immunoglobulin testing. 
There was a significant reduction in the number of parasites in 
cultures to which sera were added, regardless of the method 
of collection, either compared with ABS or, more importantly, 
with the same anti-En* sera after absorption with En(a‘) cells. 
The greater inhibition of invasion using the serum of GW 
correlated with its titre in an indirect antiglobulin test. The 
other sera used were of relatively low titre, having been taken 
several years after the individuals were sensitized. 

To exclude the possibility that coating of red cells with 
anti-En* antibody might reduce parasite invasion in a non- 
specific manner, various other sera directed against commonly 
occurring antigens present on red cells were examined in the 
same way. Two of these antibodies were directed against 
Rhesus antigens (anti-C and anti-c), one against the Kidd system 
(anti-Jk*) and another against a Duffy determinant (anti-Fy’). 
In no case was the number of parasites found in cells coated 
with antibody significantly less than in the controls (Table 4). 
On the other hand, there was a significant decrease in parasite 
numbers when sera from two patients who had recently 


recovered from cerebral malaria were added to the cultures. 


Anti-immunoglobulin tests confirmed the presence of antibody 
on the surface of the cells incubated with antisera to red cell 
antigens, but not on the cells incubated with the patients’ sera. 

Antibodies in the latter are thought to act via merozoite aggluti- 
nation rather than by receptor blockade’. 

Recent structural analysis of glycophorin A indicates that the 
M and N antigens are determined by its five amino-terminal 
amino acids and three oligosaccharides'” . We further examined 
whether this most external portion of the glycophorin. A 
molecule might be involved in the interaction with the parasite — 
by comparing the relative rates of invasion of P, falciparum 
into cells bearing the M, the N and both antigens. The rates of 
invasion observed in MN, MM or NN celis were similar, indicat- 
ing that the merozoite was unable to distinguish between these 
two antigens (Table 5). 

These experiments have shown a significant reduction in 
invasion of En(a—) cells by P. falciparum. This may indicate 
either that there is a specific receptor site on the major sialogly- 
coprotein, or that there is a non-specific effect due to rearrange- 
ment of the membrane proteins in the absence of this major 
component. However, the presence of anti-En* antibody caused 


Table 4 Invasion of En(a+) cells by P. falciparum in the presence of antisera other than anti-En* 





ar a ary nn IT ANH ARRAY ON Mo NL et An A a 


Parasites per 100 red cells 


Strain of ABS 
parasite {control) Anti-C Anti-c Anti-JK? Anti-Fy” JG DH 
A 8.2 7.7 8.4 8.2 7.7 4,2 0.0 
A 3.8 4.6 4.1 4.0 3.7 0.0 0.0 
B 5.7 6,5 7.0 6.5 6.6 NT NT 
C 9.1 7.9 78 5.5 8.8 4.5 0.3 
C 5.6 2.0 5.3 4.] 4.3 4.8 2.3 
Test 
Min: 0.85 +0.13 1.05+0.05 0.96 + 0.08 0.99 £0.06 0.4740.18 0.11 £0.10 
Control 





"The ‘methods used were as for Tables 1 and 3. Three strains of parasite were used: A, Uganda~Palo Alto; B, wild West African; and C, wild East African, The 
wild strains were obtained from infected patients returning to Oxford. Sterile, preservative-free antisera were obtained from the Oxfordshire Regional Blood Transfusion 
Service. Sera were also obtained, at least 1 month after completing chloroquine therapy, from two patients convalescing after severe P. falciparum infections (IG and 
DH). The relevant typing of the En(a+) cells used was as follows: ABO group O; Rh-positive (C*, D*, E*, c*, e*); M+, N+, Fyla+), Fy(b+); Ik(a+), Ik(b-), Wrla-), 
Wrib+). ee 

NT, not tested. 
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Table § Invasion by P. falciparum of cells expressing either the M or N or both 
antigens 
Parasites per 100 red cells 
MN cells MM celis NN cells 
(Control) (Test) (Test) 
8.8 9.1 9.8 
7.5 6.6 7.8 
6.4 6.7 6.5 
Test 
Mean ( "| 0.99 + 0.08 1.06 £0.03 
Control 





The methods were as for Table 1. The cells were obtained in CPD from the 
Oxfordshire Regional Blood Transfusion Service. 


a significant reduction in parasite numbers in En(a+) cells which 
was prevented by previous absorption with En(a+) cells. This 
effect was not seen when other antibodies were used to coat 
the red cells. This finding suggests that the relationship between 
the parasite and the missing membrane component of the 
En(a—) cells is more specific. The fact that anti-En* antibody 
(GW, and MEP) failed to reduce invasion of normal cells to 
the level found in En(a—) cells may have been due to low 
antibody titres resulting in insufficient blockade of this high 
density receptor (glycophorin A), of which there are at least 
500,000 copies per cell'®. Moreover the reduction in invasion 
caused by the low titre anti-En* sera cannot exclude the role 
of the Wr” antigen which is also recognized by this serum. 
Although these antisera could act by damaging the mature 
schizont-infected cell, by merozoite agglutination, or by pre- 
mature lysis of infected En(a—) cells, these data, together with 
the reduced invasion of En(a—) cells, are more consistent with 
the anti-En* sera acting via receptor blockade. 

Of the many types of red cells that have been examined 
previously, only those containing haemoglobin S or pre- 
dominantly haemoglobin C have shown rates of invasion inap- 
propriate to their metabolic age’®. En(a—) cells must now be 
added to this list. Miller has shown that trypsin-treated red 
cells are relatively resistant to invasion by P, falciparum*. Gly- 
cophorin A is one of the major targets for cleavage by this 
enzyme. These findings, together with the present studies, sug- 
gest that glycophorin could serve as a receptor for P. falciparum. 
The development of monoclonal antibodies against specific 
regions of these glycoproteins should allow this possibility to 
be explored further. 

We thank Dr W. Wagstaff, Anna Pirkola, Dr R-M. Guévin, 

Mr V. Taliano and Mr M. Woodward for providing the 
numerous samples of cells, sera and reagents. We also thank 
Drs R. Sanger and P. Tippett for assistance. G.P. was supported 
by the Wellcome Trust and Rockefeller Foundation. 
Note added in proof: Since submission of this letter, Perkins”? 
has shown that glycophorin A in solution and Fab’ fragments 
of antibody against glycophorin A will inhibit merozoite 
invasion. 
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Autoantibodies to cytoplasmic and surface antigens on pan- 
creatic islet cells have been found in many newly diagnosed 
cases of insulin-dependent diabetes mellitus (IDDM)*”. 
Various autoantibodies (for example, against islet cells, 
adrenals, thyroid, gastric mucosa and intrinsic factor) have also 
been found in patients with polyendocrine disease’*””. What 
triggers the production of these antibodies and their importance 
in the pathogenesis of these diseases are still unclear. Recently, 
we found in an animal model for studing polyendocrine dis- 
ease’® that reovirus type 1 (reo-1) infected cells in both the 
pancreas and pituitary, and produced a disease characterized 
by hyperglycaemia and retarded growth’®. Moreover, auto- 
antibodies that reacted with antigens in pancreatic islets, the 
anterior pituitary and gastric mucosa were found, one of which 
reacted with insulin and another with growth hormone (GH). 
Using recombinant viruses'' we showed that the S1 gene seg- 
ment from reo-1 was required for the induction of auto- 
antibodies to GH. We report here our search for additional 
autoantibodies, especially against surface antigens, and our 
efforts to evaluate the pathological contributions of the lytic 
effect of the virus on cells compared with the immunopathologi- 
cal response of the host. Our experiments showed that reo-1 
induced autoantibodies that reacted with antigens on the surface 
of islet cells, thymocytes and a GH-producing cell line. In 
addition, we found that treatment with immunosuppressive 
agents depressed autoantibody production and prevented 
development of the polyendocrine disease. 

Except where indicated, male and female SJL mice were 
infected intraperitoneally (i.p.) at 5-7 days of age with the Lang 
strain of reo-1 that had been passaged 10-14 times in pancreatic 
B-cell cultures’’, Rabbit anti-mouse lymphocyte serum (ALS) 
and rabbit anti-mouse thymocyte serum (ATS) (MA Bioprod- 
ucts, Walkersville, Maryland), with cytotoxic titres 1: 6,400 and 
1:1,600 respectively, and cyclophosphamide (Cy) (20 mg per 
kg)? were used as immunosuppressive agents. Single-point 
glucose tolerance tests (GTTs) were performed 60 min after 
i.p. injection of 2 mg glucose per body weight'’. Plasma GH 
was measured by radioimmunoassay'”’’, and antibody to reo-1 
was determined by a standard haemagglutination-inhibition 
technique’*. Indirect immunofluorescence was carried out as 
described previously’’. 

Three different immunosuppressive agents were tested for 
their effect on the development of reovirus-induced diabetes. 
As shown in Fig. 1, reo-1 produced abnormal GTTs in SJL 
mice, but these abnormalities were reduced or prevented by 
treatment with ALS (Fig. ia). Similarly, ATS and Cy prevented 
the development of reovirus-induced hyperglycaemia (Fig. 1b). 
Reo-1 also produced some glucose abnormalities in NFS mice 
and these abnormalities were suppressed by ALS (Fig. 1c). All 
eight experiments performed with reo-1 and immunosuppress- 
ive agents revealed similar trends, although in some experi- 
ments the reovirus-induced abnormal GTTs were much less 
marked than those observed in Fig. la and b. 

Immunosuppression prevented not only the development of 
hyperglycaemia but also growth retardation. Table 1 shows that 
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virus-infected immunosuppressed mice gained weight at almost 
the same rate as uninfected controls, and that oily hair and 
steatorrhoea were greatly decreased by ALS. Mortality was 
also markedly reduced. Moreover, the infected mice with 
retarded growth had considerably lower plasma GH levels than 
the infected and immunosuppressed mice. 
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Fig. 1 Effect of immunosuppressive agents on glucose tolerance tests in 
reo-1-infected mice. Mice were infected with 5x 10° plaque-forming units 
(PFU) of virus and single-point glucose tolerance tests were performed at 
different times thereafter. Immunosuppressive treatment consisted of three 
0.1-ml i.p. injections of ALS or ATS on days 0, 4 and 7 after infection or 
a single i.p. dose of Cy 1 day after infection. 10 to 35 mice were tested at 
each time point in each group. The mean+s.e.m. is represented by symbols 
and vertical lines. a, SJL mice: @, reovirus-infected; O, uninfected; A, 
infected and treated with ALS; A, uninfected and treated with ALS. b, 
SJL mice: @, reovirus-infected; O, uninfected; W, infected and treated 
with ATS; C, uninfected and treated with ATS; V, infected and treated 
with Cy; V, uninfected and treated with Cy. c, NFS mice: @, reovirus- 
infected; ©, uninfected; A, infected and treated with ALS; A, uninfected 
and treated with ALS. 


To see whether the immunosuppressive agents might be 
preventing clinical symptoms by inhibiting the autoimmune 
response, we measured the titre of autoantibodies in the sera 
of infected mice reacting with tissue sections from uninfected 
normal mice’®. As shown in Table 2, autoantibodies to the 
anterior pituitary, islet cells and GH; cells (a rat cell line which 
produces both GH and prolactin)” were greatly reduced, or 
not detected, in sera from reovirus-infected immunosuppressed 
mice. Immunosuppression also reduced the percentage of mice 
with autoantibodies to GH and insulin. 

In addition to autoantibodies reacting with cytoplasmic anti- 
gens, autoantibodies to surface antigens on viable islet cells, 
GH, cells and thymocytes, but not mouse fibroblasts, were 
found by avidin-biotin immunofiuorescence’®. In our hands, 
this method is more sensitive than standard indirect 
immunofluorescence. Nonetheless, the titre of these antibodies 
was quite low and they reacted with only a small number 
(10-15%) of islet cells, GH; cells and thymocytes. In reovirus- 
infected immunosuppressed mice, these autoantibodies could 
not be detected. Immunosuppression also reduced, but did not 
eliminate, the antibody response to reo-1 (Table 2); this may 
account for the ability of the immunosuppressed animal to cope 
with the viral infection. 

As previously reported, reovirus infection produced mild 
B-cell damage and insulitis, with infiltration of mononuclear 
and plasma cells’. In the present experiments, immunosup- 
pression with ALS greatly reduced the degree of insulitis and 
B-cell damage (data not shown). Precisely how the viral infec- 
tion triggers the autoimmune and inflammatory responses'® and 
what role, if any, autoantibodies to thymocytes have in this 
process are unclear. 

The possibility that the immunosuppressive agents were pre- 
venting the polyendocrine diseases by inhibiting virus replica- 
tion (such as by antiviral antibody in the immunosuppressive 
sera or induction of interferon), rather than by suppressing the 
autoimmune response, was evaluated by measuring virus 
growth in vivo. Figure 2 shows that the former possibility is 
unlikely as virus titres in homogenates of liver, heart and 
pancreas were approximately the same in untreated and ALS- 
treated mice at various times after infection. 

Viral infections cause tissue damage by two principal mechan- 
isms: they can directly lyse cells as a result of virus replication, 
and they can trigger in the host an immunopathological 
response’’”’’, In the case of reovirus, both mechanisms may 
operate; infected cells are certainly destroyed as a result of 
virus replication and a recent study suggests that some cells 
may also be destroyed by cytolytic T lymphocytes specific for 
reovirus antigens on the surface of cells”. 

The present experiments suggest another possible mechanism 
by which reovirus might cause disease: the infection triggers 
the production of autoantibodies that react with antigens on 
the surface of normal uninfected cells or with cell products (for 
example hormones). These interactions could act pathologically 
by directly destroying hormone- producing cells or by binding 
to and reducing the concentration of hormones in the circu- 
lation. 

In experimental animals, we previously showed that neither 


Table 1 Reversal of reovirus~induced growth retardation, clinical symptoms and mortality by immunosuppression 


Groups Weight (g) 
Infection ALS SIL NFS 
+ — 7.6+2.3* 8.3 +2.5* 
+ + 12.343.5t 13.7+1.8t 
— + 11.4+1.0t 13.6+1.0+ 
~ - 14.142.4 14.9+2.2 


% Oily hair and GH 
steatorrhoea % Mortality (ng ml~') 
SIL NES SIL NFS SIL 
3 50 43 40 16+8 
0 0 25 13 48+4 
0 0 0 0 ND 
0 0 0 0 41+6 


SJL and NFS mice were infected and treated with ALS as in Fig. 1. Each group consisted of 10-20 mice. Body weights given were for 17 days after infection 
(mean +s.d.), the incidence of oily hair and steatorrhoea was determined 10 days after infection, cumulative mortality was assessed at 17 days after infection, and 


plasma GH 14 days after infection (mean+s.e.m.). ND, not done. 
* P<0.001 compared with uninfected and untreated controls. 
+ Not statistically significant compared with uninfected and untreated controls. 
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Table 2 Effect of immunosuppression on autoantibody titres in reovirus-infected mice 
Autoantibodies to 
Groups Cytoplasmic antigens* Surface antigens} Hormonest 
Anterior Antibody to 
Infection ALS pituitary Islets GH, Islets GH, Thymocytes Insulin GH reovirus 
+ ~ 32 8 16 4 2 8 55 89 256 
+ + 2 2 <2 <2 <2 <2 16 20 16 
= + <2 <2 <2 <2 <? <2 ) 0) <8 
ae iss <? <2 <2 <2 <2 <2 i 0 <8 





Reo-i infection and ALS treatment were as m Fig. 1. Autoantibodies were measured in pooled sera from 10 mice. Similar results were obtained with pooled sera 
from two other experiments. Titres for reovirus antibody are given as reciprocal antibody titres by haemagglutination-inhibition tests to reo-] in pooled sera 17 days 


after infection. 


* Boumn's-fixed sections of anterior pituitary and pancreas from uninfected mice, or acetone-fixed rat GH, cells were incubated with serial dilutions of mouse sera 
(obtained 14 days after infection) and stained with fuorescein-labelled anti-mouse IgG. Titres represent the reciprocal of the highest dilution of sera giving positive 


fluorescence”. 


t t Suspensions of cultured mouse SJL pancreatic islet cedis, or rat GH, cells, or freshly prepared thymocytes from weanling SJL mice were incubated with pooled 


mouse sera obtained 14 days after infection and stained with biotin-conjugated anti-mouse immunoglobulin followed by flauorescein-labelled avidin’ 


the reciprocal of the highest dilution of sera giving positive fluorescence. 


*. Titres represent 


t Individual sera from 10-20 mice per group (obtained 17 days after infection) were tested for antibodies to insulin and GH by an enzyme-linked immunosorbent 
assay”. Sera with titres > 10 were considered positive and numbers represent per cent positive. 
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Fig. 2 Reovirus titre in ALS treated mice. SJL mice were infected with 

5x 10° PFU and treated with ALS as in Fig. 1. Virus titres in homogenates 

of liver (a), heart (4) and pancreas {c} were measured at different times 

after infection. Titrations were performed on L929 cells by a standard 

plaque assay” and expressed as PFU per organ. Each point represents the 

mean titre of two to four individual mice. ©, Infected mice given ALS; @, 
infected mice not ALS. 


virus alone nor sub-diabetogenic doses of streptozotocin alone 
could produce hyperglycaemia, whereas treatment with both 
agents resulted in overt diabetes*'. Our interpretation was that 
neither virus nor streptozotocin alone depleted the B-cell 
reserve sufficiently to result in diabetes. Reovirus-induced poly- 
endocrine disease may also be the result of cumulative injury. 
Both the direct lytic effect of the virus and autoimmune 
pathology may be required to decrease the hormone reserve 
sufficiently to make the disease overt. The possibility that virus- 
induced autoimmunity contributes to the pathogenesis of other 
diseases merits investigation, 

We thank Tecolia Brown and Royd Ellis for technical help 
and Edith Rian for editorial assistance. 
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Attenuated reovirus type 3 strains 
generated by selection 
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Infection of suckling mice with mammalian reovirus type 3 
results in fatal encephalitis associated with marked destruction 
of neurones’*, The viral tropism specific to neural cells is 
determined by the reovirus haemagglutinin’*. This haemag- 
glutinin (HA), the o1 polypeptide, is encoded in the Si 
dsRNA segment**, In addition to determining cell and tissue 
tropism, the viral haemagglutinin determines humoral and 
cellular immune specificity’*, binding to cellular micro- 
tubules’ and inhibition of cellular DNA synthesis’. To 
elucidate the structural basis for the functions of the reovirus 
type 3 HA, we have recently isolated and characterized several 
anti-HA monoclonal antibodies, which we have used to show 
that there are distinct functional domains on the reovirus type 
3 HA”. One group of monoclonal antibodies neutralizes viruses 
while a second inhibits haemagglutination. Thus there are dis- 
tinct HA functional domains involving haemagglutination and 
neutralization. One of the neutralizing monoclonal antibodies 
was used to select reovirus antigenic variants that were no 
longer neutralized by the monoclonal antibodies. These 
‘variant’ viruses were tested for their neurovirulence by deter- 
mining their capacity to replicate in mouse brains, leading to 
fatal encephalitis. We report here that all variants are markedly 
less virulent then the parental type 3 virus from which they 
were selected. These findings demonstrate directly the critical 
role of the viral haemagglutinin in neurovirulence and show 
that variant viruses that are altered at a site recognized by 
neutralizing antibody cannot grow efficiently in neural tissue. 
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Reovirus serotype 3 viruses with antigenically altered HA 
proteins were selected by incubating the neurovirulent virus 
stock (Dearing strain) with excess neutralizing monoclonal anti- 
body (designated G5). Viral plaques that appeared on the plates 
were isolated and passaged a second time in the presence of 
G5 antibody to eliminate clones that were not resistant to the 
antibody. Resistant viruses (variants) were then grown in mouse 
L cells to give virus stocks. Three variant viruses (A, F and K) 
isolated in this manner were tested for their relative ability to 
resist neutralization by the G5 monoclonal antibody (Table 1). 
As reported previously, the parental reovirus type 3 (Dearing) 
strain was neutralized efficiently by G5 (ref. 13). All three 
variants showed an altered response to G5 antibody: the F and 
K variants were totally resistant to the antibody while the A 
variant was neutralized to a level intermediate between that of 
the Dearing parent and the F and K variants. For example, the 
A variant was neutralized at 1:20 and 1:100 dilutions of G5, 
but the plaque reduction at 1:500 was of borderline 
significance. The Dearing strain was neutralized at all the dilu- 
tions tested. Previous studies have shown that the G5 antibody 
neutralizes the Dearing strain at dilutions up to 1:12,500 
(ref. 13). In contrast to the results with the G5 monoclonal 
antibody, the three variants were indistinguishable from the 
parental reovirus type 3 Dearing virus in neutralization tests 
using a type-specific hyperimmune antiserum (Table 1). These 
data indicate that all three variants encode an haemagglutinin 
having antigenic alterations that are readily detected with 
monoclonal antibodies but not with a standard hyperimmune 
antiserum. 

To determine if the variants were altered in terms of viru- 
lence, we compared them with regard to their relative ability to 
cause fatal neurological disease in suckling mice. The type 3 
Dearing parent is highly neurovirulent; as few as 10 plaque- 
forming units (PFU) inoculated intracerebrally (i.c.) in suckling 
mice kill 50% of mice by 14 days while higher doses kill 100% 
(ref. 3; Table 2). To compare the neurovirulence of type 3 
Dearing with the variant viruses, we injected varying doses of 
virus into suckling mice and determined the survival pattern 
for each infected group of animals (Table 2). The F and K 
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Fig. 1 Growth patterns of reovirus type 3 (Dearing, @) and 
antigenic variants A (0), F(O) and K (A) in mouse brains (left) 
and mouse L celis in tissue culture (right). Virus growth in mouse 
brains was determined by injecting all mice i.c. with 1 x 10° PFU 
of virus. Three mice were killed at each time point and the virus 
titres in the individual brains were determined by titration of brain 
homogenates on mouse L cells at 37 °C as described previously*. 

Each value represents the average of three titrations. Virus growth 
in mouse L cells was determined by infecting monolayers of 2 x 10° 

cells at a multiplicity of infection of 5 PFU per cell. Triplicate 
samples were taken for titration at each indicated time point’®. 
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Table 1 Neutralization of reovirus serotype 3 (Dearing) and HA 
antigenic variants by monoclonal antibody and hyperimmune antiserum 


% Inoculum resistant to antibody 
Variant strains 


Dilution of Dearing, == 
Antibody antibody strain A F K 
G5 1:20 0 21 100 88 
1:100 0 18 100 100 
1:500 5 48 100 100 
Hyperimmune 1:200 6 7 4 3 
1:400 5 4 2 4 
1:800 14 4 5 9 


Neutralization tests were performed as described previously”, 
Briefly, dilutions of antibody were incubated with 100 PFU of virus at 
34 °C for 1 h. These mixtures were then inoculated on to mouse L cells. 
The G5 antibody was used to select the variants and was used in these 
experiments as a purified IgG fraction’*. Values represent the percen- 
tage of plaques observed in the presence of antibody relative to a 
phosphate-buffered saline control. The hyperimmune antiserum is a 
reference goose anti-reovirus type 3 antiserum obtained from the 
National Institute of Allergy and Infectious Diseases (V703-501-570). 


variants had LDsos (lethal dose for 50% of the population) 
values of 3x10’ and >3 x 10” PFU, respectively, while the A 
variant had an intermediate LD, of 1.8x10°PFU. These 
results indicate that all the variants are at least 10,000 times 
less neurovirulent than the Dearing strain from which they were 
derived. Interestingly, the A variant that was intermediate in 
antigenic reactivity, also exhibited an intermediate LD so (1.8 X 
10°) whereas the F and K variants, which were not neutralized 
by G5, showed the greatest reduction in virulence. These data 
suggest that the loss of antigenic reactivity with the G5 antibody 
is directly related to the neurovirulence. 

Because neurovirulence is correlated with the ability of 
reovirus type 3 to replicate in suckling mouse brains, we ana- 
lysed the growth of type 3 reovirus and the three variants in 
mouse brains (Fig. 1), The reovirus type 3 (Dearing) virus grows 
to high titres in the brain before death of the infected mice* 
The virus yield in these experiments was ~1 x 10° PFU mi~’, 
but titres were often =1 x 10° PFU ml”. The three variants 
differed significantly from the Dearing strain in their ability to 
grow in mouse brains during the acute infection, particularly 
after the fifth day post-inoculation (Fig. 1). The F and K variants 
showed most reduction in growth while the A variant was again 
intermediate between the F and K variants and the Dearing 
virus. 

To determine whether the inability of the three variants to 
grow in brains was due to a general defect of growth or was 


Table 2 Neurovirulence of reovirus serotype 3 (Dearing) and HA 
antigenic variants A, F and K 


% Mice alive on day 14 post-infection 
Variant strains | 


Inoculum Dearing 

(PFU) strain A F K 
1x10! 50 100 100 100 
1x10? 0 100 100 100 
1x10° 0 100 100 100 
1x10* NT 100 100 100 
1x10° NT 90 100 100 
3x 10° NT 0 100 100 
3x 10° NT 0 90 100 
3x10’ NT 0 50 90 
EDso 10! 1.8x10° 3x107 >3x10’ 





Groups of CD mice (24-48 h old) were injected i.c. with varying 
doses of virus and observed for 14 days**. Animals began to die 
between days 8 and 10 in most cases. Values represent the percentage 
of mice alive at day 14 post-infection. NT, not tested. The LDso is the 
dose of virus required to kill 50% of the animals in each group by da 3 
14. LDsg values were calculated by the Reed and Muench method! 
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specific to growth in the brain, we examined the replication 
cycle of the variants and Dearing virus in mouse L cells (Fig. 
1). Both reovirus type 3 Dearing and the three variants grew 
to a high titre. The variants were also not temperature-sensitive 
for growth in L cells (data not shown). Examination of brains 
infected with variants A, F and K showed a marked localization 
of tissue destruction in parts of the hippocampus. In contrast, 
infection with the Dearing strain caused tissue destruction not 
only in the hippocampus but also diffusely in the cortex and 
brain stem (unpublished data). Thus the pattern of restricted 
growth in the brain was not due simply to a general defect in 
the ability of the three variants to replicate, but to growth in 
restricted sites in the brain. 

Thus, antigenic variants of reovirus type 3 selected by mono- 
clonal antibodies directed against the major neutralization site, 
have markedly different levels of neurovirulence and capacity 
to grow in vivo. These experiments directly indicate that the 
reovirus type 3 haemagglutinin is a major determinant of 
neurovirulence, and imply that particular regions of the HA 
have critical roles in virulence. The site chosen for selection of 
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Among the heterogeneous population of antibodies specifically 
induced during many acute viral infections, those having virus- 
neutralizing activity in vitro are generally considered to be 
most important for recovery and immunity to reinfection. 


Similarly, the ability to stimulate production of circulating’ 


neutralizing (NT) antibodies is a major criterion for evaluating 
the immunoprophylactic potential of many antiviral vaccines’. 
Although there is obviously an association between NT anti- 
body induction and host resistance, we present here data which 
indicate that other virus-specific antibodies lacking NT function 
may be equally important in conferring protective immunity to 
alphaviruses. We used monoclonal antibodies against Sindbis 
virus (SV) to demonstrate that passive protection of SV- 
infected mice from fatal paralytic central nervous system (CNS) 
disease may be mediated not only by antibodies which neutral- 
ize the infectivity of extracellular virus particles but also by 
those lacking this capacity, which react preferentially with virus- 
infected cells. 

Sindbis virus, the prototype of the alphaviruses, contains two 
distinct envelope glycoproteins, E1 and E2, which exist as a 
complex, and a nucleocapsid protein, NC. It has been shown 
that antibodies raised in rabbits against each of the individually 
isolated and purified glycoproteins of SV possess distinctly 
separable activities in vitro’. Antibodies to El (the viral 
haemagglutinin) inhibit haemagglutination by SV, whereas only 
antibodies to E2 significantly neutralize viral infectivity. Anti- 
bodies specific for the internal NC do not react with intact 
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the variants, the major neutralization determinant on the HA 
molecule, is probably the polypeptide region involved in binding 
to neurone receptors'*. Other studies have shown that this 
region is also the site on HA that is recognized by cytotoxic T 
lymphocytes (unpublished data), and is involved in binding to 
cell receptors'*. Furthermore, we have recently demonstrated 
that these variants induce cytolytic T lymphocytes as well as 
neutralizing antibody (unpublished data). Further data on the 
nature of the alterations in the haemagglutinin polypeptide of 
these variants should enable us to define the role of haemag- 
glutinin in viral virulence more precisely. In addition, the use 
of monoclonal antibodies to generate attenuated viral strains 
may serve as a rapid and simple step for developing viral 
vaccines. 
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ing the manuscript. This work was supported by grant 2 ROI Al 
13178-06 from the National Institute of Allergy and Infectious 
Diseases, NIH. D.R.S. was supported by a fellowship from the 
Juvenile Diabetes Foundation. 
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virions. Both haemagglutination-inhibiting (HI) and NT anti- 
bodies are induced during productive infections with $V as well 
as with other alphaviruses’, but their respective roles in mediat- 
ing host recovery are not clear. 

Recently*, we described the preparation of a large panel of 
monoclonal antibodies against the parental AR339 strain of 
SV (SV,), some of which were used to define serological and 
biochemical relationships between SV and certain other 


_ alphaviruses. In the present study, six anti-E1, six anti-E2, and 


one anti-NC monoclonal antibodies were selected for further 
characterization and each was assessed for its protective capac- 
ity in vive. Because, by any route of inoculation, SV, produces 
an abortive immunizing infection in adult mice, a neuroadapted 
(na) variant of SV, was used to intracerebrally (i.c.) challenge 
C57BL/6J (B6) mice previously given monoclonal antibodies. 
When given i.c. to non-immune adult B6 mice, SVaa produces 
paralysis and fatal encephalitis. 

To prepare monoclonal antibodies, spleen cells from 
BALB/cJ mice immunized with infectious SV, were fused with 
P3X63-Ag8 myeloma cells, and hybrid cells were cloned by 
limiting dilution in hypoxanthine-aminopterin—thymidine 
medium’. Clones producing antibodies to SV, were selected by 
solid-phase radioimmunoassay’ of supernatants. Positive cul- 
tures were subcloned in soft agar and tested again by radioim- 
munoassay for anti-SV activity. Individual hybrid clones were 
expanded in vitro, and then inoculated into groups of pristane- 
primed BALB/cJ mice”. The resulting ascitic fluids derived 
from each hybrid clone were pooled, frozen in aliquots, and 
used in subsequent experiments. The specificity of each mono- 
clonal antibody was determined by radioimmunoassay reac- 
tivity with individual SV, structural proteins which had been 
separated by isoelectric focusing as previously described’. 
Specificity was confirmed by immunoprecipitation of radio- 
labelled virus, followed by polyacrylamide gel electrophoresis. 

The isotypes of the monoclonal antibodies were determined 
by an indirect immunofluorescence procedure in which glass 
slides bearing acetone-fixed, SV,-infected BHK-21 cells were 
exposed sequentially to predetermined concentrations of mono- 
clonal antibody, rabbit antiserum (Litton Bionetics) specific for 
individual mouse immunoglobulin heavy-chain isotypes (IgM, 
IgG1, IgG2a, IgG2b or IgG3), and fluorescein-conjugated goat 
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Table 1 Properties of anti-SV, monoclonal antibodies 


(APL ECS ret chert RET URAL I NFAY HR OH Hiatt Abert rene 


Reactivity with SV,, 


Monoclonal antibody NT “o C’-dependent 
No. Specificity Isotype IF titre cytolysis 
Protective in vive 

12 E2 IgG2b + 3,200 55.3 
43 E2 IgG2a + 800 21.1 
49 E2 IgG2a + 1,000 47.7 

1 El IgG2a + <10 29.4 

2 El IgG2a + <10 16.8 

a El IgG2a + <10 29.1 
38 El IgG2a + <10 32.6 
31 E1 IgG2b + <10 28.5 

Non-protective in vivo 

23 E2 IgG3 + <10 2.1 

g E2 IgG2a -= <10 ND 
10 E2 IgG2a ~ <10 ND 
13 El IgG] + <10 ~1.3 

3 NC IgG3 + <10 0.3 





Specific binding by monoclonal antibody to SV,,-infected BHK-21 cells was 
determined by immunofluorescence (IF). Acetone-fixed cells on glass slides were 
overlaid with monoclonal antibody for 30 min, washed and then overlaid with 
fluorescein-labelled goat anti-mouse immunoglobulins (Cappel) for 30 min, then 
washed again. Each reagent was used at a 1:20 dilution in buffered saline, pH 
7.4. All positive monoclonal antibodies exhibited bright perinuclear and cytoplas- 
mic IF; antibodies 8 and 10 were completely negative, No IF was observed for 
uninfected control cells. Using the same procedure, all monoclonal antibodies 
including 8 and 10, were positive on SV -infected cells. To demonstrate C- 
dependent antibody-mediated cytolysis, BHK-21 cells were infected (or mock- 
infected) in suspension with virus at a multiplicity of 6 PFU per cell, labelled 
with °'Cr, washed and seeded into flat-bottomed 96-well tissue culture plates 
(Costar). Each well received an aliquot (100 ul) containing 2 x 10° cells in RPMI- 
1640 supplemented with 10% fetal bovine serum. To triplicate wells were added 
monoclonal antibody (previously heated at 56°C for 30 min) and guinea pig C 
at final concentrations (v/v) of 2.5% and 5.0%, respectively, in a total volume 
of 200 pl per well. After 6h incubation at 37°C in air containing 5% CO, Qh 
post-infection) supernatants from each well (100 pl) were counted individually 
for radioactivity, and the mean % virus-specific cytolysis was calculated as 
described previously'*; s.e.m. never exceeded 3%. Monoclonal antibody-medi- 
ated release of label from cells in control wells (uninfected cells + C, and infected 
cells + heat-inactivated C’) did not exceed 2.8%. In medium alone, 17.9% and 
16.7% of total incorporated label were released by infected and uninfected cells, 
respectively, 


anti-rabbit immunoglobulins (Cappel). Slides were washed 
exhaustively after the application of each reagent. 

Each monoclonal antibody was tested, in the presence of 5% 
(v/v) guinea pig complement (C’), for its ability to neutralize 
SV infectivity and to mediate C’-dependent lysis of SV-infected 
BHK-21 cells. We measured neutralizing activity against 100 
plaque-forming units (PFU) of each virus preparation (SV, and 
SVna), using a conventional ‘constant virus-varying antibody’ 
assay’. The reciprocal of the highest dilution of a monoclonal 
antibody which produced a =80% reduction in PFU was desig- 
nated its NT titre. SV-specific antibody-mediated cytolysis was 
determined in a 6-h *'Cr-release assay (Table 1). 

To initially screen monoclonal antibodies for their protective 
capacity, each was given intraperitoneally (0.1 ml per mouse) 
to five female B6 mice, 6-8 weeks old, 24 h before challenge 
ic. with 1,000 PFU of SV,,. All, or most mice in eight such 
groups resisted challenge, whereas all of a control group of 
infected non-immune mice, died. As shown in Table 1 (upper 
panel), passive protection by three anti-E2 monoclonal anti- 
bodies correlated with their having measurable NT activity 
against SV,,, although all such antibodies were capable of 
neutralizing SV, (data not shown). In contrast, although none 
of the six anti-E1 monoclonal antibodies had NT activity against 
either SV, or SV,,,, five were protective. Sindbis virions acquire 
their envelopes by budding from host-cell plasma membranes 
which express both E1 and E2 during viral morphogenesis?” ’. 
Thus, irrespective of their glycoprotein specificity, all protective 
monoclonal antibodies shared an ability to bind SV,,,-infected 
cells as shown by immunofluorescence and, as might be expec- 
ted from their IgG2a and IgG2b isotypes, by C’-dependent 
cytolysis (Table 1). 

The results of these initial passive protection tests were 
confirmed using larger numbers of B6 mice; protective mono- 
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clonal antibodies either Prevented or delayed both paralytic 
disease and death (Table 2, upper panel). Measurements of 
infectious SV,, in individual brains obtained at intervals after 
challenge revealed that CNS infections were generally attenu- 
ated, rather than prevented, in mice which had received protec- 
tive monoclonal antibody. On day 3 of infection, when brain 
virus titres were maximal in mice from groups given either 
non-protective or no monoclonal antibody, brains of mice from 
the protected groups contained at least 100-fold less virus 
(Table 2, lower panel). Furthermore, by day 7 of infection, 
when all unprotected mice were paralysed and/or moribund, 
infectious virus was no longer detectable in brains of protected 
mice (data not shown). 

All monoclonal antibodies, whether protective or not, had 
similar titres (>10*) against SV, in solid-phase binding assays 
(data not shown), and the failure of a monoclonal antibody to 
protect in vivo could not be attributed, in any case, to transfer 
of insufficient antibody. Certain monoclonal antibodies may be 
nonprotective, however, due to antigenic differences between 
SV, and SV,,, that result in undetectable or low-affinity binding 
to SV,,. Of the three anti-E2 monoclonal antibodies which 
failed to protect the mice, none neutralized SVa and only one 
(no. 23) was reactive with SV,,,-infected cells by immunofluores- 
cence (Table 1, lower panel). The non-C’-fixing isotype (IgG3) 
of the latter would explain its failure to mediate SV-specific 
cytolysis in vitro but the fact that all three neutralized SV, 
infectivity, even in the absence of complement (data not shown), 
may mean that passive protection conferred by anti-E2 anti- 
bodies depended more on their having NT activity against SV na 
and less on their isotypes. On the other hand, it seems significant 
that the isotype (IgG1) of the single non-protective anti-E1 
monoconal antibody (no. 13) is one which does not mediate 
immunospecific cytolysis by the classical complement path- 
way’”. If, in fact, protection by anti-E1 antibodies, which do 
not neutralize SV, is effected solely through this C’-dependent 
cytolytic mechanism, it would be restricted to only those 
isotypes capable of fixing complement. The importance of the 
latter in antibody-mediated protection against SV is also sug- 
gested by the impaired virus clearance previously noted in mice 


which are deficient in either the C3 (ref. 11) or c5 (ref. 12) a 


complement components. 


The present data suggest two specific but functionally ae X 
different humoral mechanisms of SV elimination in vive: (1) 


neutralization of infectivity by antibodies which bind to E2 
determinants on extracellular virions, a process which can occur 
in vitro in the absence of C’; and (2) C’-dependent lysis of 





Table 2 Prevention of paralysis and death of SV,,-infected mice by anti-SV,; 
monoconal antibodies 





VER REF NEALE SHR tne Ft hn LAP Ens r E eS 


Monoclonal Paralysis Mortality 
antibody Mean Mean logio PFU 
Speci- day of day of perg brain 
No. ficity P/T onset D/T death on day 3 
12 E2 0/10 — 0/10 ~- ND 
43 E? 0/15 _ 0/15 ~- ND 
49 E2 3/20 14 1/20 12 <2.0, 4.3, 2.7 
H El 3/15 il 1/18 ig ND 
2 El 0/14 woe 0/14 me $2, 4.6, 3.2 
7 El 0/14 ~~= 0/14 -5,2,65,55 
38 El 0/25 — 0/25 mm <20, <20, 2.8 
31 El 7/13 7 2/13 9 ND 
23 E2 10/10 $ 9/10 9 ND 
8 E2 15715 5 14/15 & 7.4, 7.7 
10 E2 10/10 5 10/10 9 ND 
13 Ei 14/14 6 13/14 § ND 
3 NC 15/15 5 15/15 10 74,7285 
None a 19/20 6 18/20 9 77,76 


Groups of 6-8-week-old female CS7BL/6J mice were given 0.1 mi monoclonal 
antibody (in 0.5 mi saline} intraperitoneally, challenged ic. 24h later with 
1,000 PFU of SV and then observed for at least 21 days. Results are expressed 
as the proportion of mice that developed hind limb paralysis (paralysed/total, 
P/T) and died idead/total, D/T). Brains of mice in selected groups were frozen 
1,3, 5 and 7 days after infection and assayed individually for SV PFU on BHER-21 
cells: results are shown for day 3, when maximum brain titres occurred in 
nonimmune control mice. 
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SV-infected cells mediated by either neutralizing or non- 
neutralizing antibodies (of restricted isotypes) which bind, 
respectively, to E2 and E1 determinants on the cell surfaces. 
It is likely that one or both of these mechanisms involve(s) the 
recognition of more than one viral glycoprotein determinant. 
For example, all six anti-E1 monoclonal antibody were capable 
of binding to S$V-infected cells (Table 1) but only two (1 and 
31) had significant HI activity (data not shown). 

The ability of five anti-E1 monoclonal antibodies to effect 
cytolysis, but not neutralization, in the presence of C’ suggests 
that one or more El determinants expressed on the plasma 
membrane of infected cells are not similarly expressed on 
infectious SV particles. That non-NT anti-E1 antibodies did 
not recognize infectious SV was indicated further by their failure 
to neutralize virus in the presence of polyvalent anti-mouse- 
immunoglobulin antiserum which, in parallel assays, augmented 
the activity of NT antibodies (data not shown). 

During viral morphogenesis, glycoproteins of SV and other 
alphaviruses undergo configurational changes associated with 
the cleavage of PE2 (the precursor of E2) and the subsequent 
formation of the virion E1/E2 complex®’*. These changes may 
cause certain El and/or E2 determinants expressed initially 
on infected cells to become modified or cryptic on mature 
virions. Therefore, it would follow that the determinant 
specificities of antibodies induced by a given alphavirus gly- 
coprotein would depend, in part, on the protein being either 
cell- or virion-associated when presented to the immune system. 
In this context, our finding that the protective non-neutralizing 
anti-Ei monoclonal antibody was functionally specific for SV- 
infected cells suggests that the induction of such antibodies 
might be enhanced by immunization with infectious rather than 
inactivated virus. 

Our results also bear on the long-standing phenomenon of 
cross-protective immunity between heterologous alphaviruses 
in the absence of antibodies having corresponding cross-reac- 
tive NT activity (for review see ref, 3). Although the basis of 
this phenomenon has been ascribed to cross-reactive virus- 
specific effector T cells’, the participation of a humoral 
mechanism is suggested by the fact that monoclonal antibodies 
to the E1, but not the E2 glycoprotein, of SV exhibit serological 
cross-reactivity with other alphaviruses*. Whether these same 
non-neutralizing, monoclonal antibodies also mediate 
heterologous protection in vivo is a subject for future investi- 
gation. 

We thank M. K. Gentry for preparing anti-SV monoclonal 

antibodies, Celia Jarvis for help in preparing the manuscript, 
and Dr J. F. Smith for his critical comments. This work was 
supported by the US Army Research and Development Com- 
mand and USPHS grant NS 17741. 
Note added in proof: We have recently found that four anti-SV 
monoclonal antibodies (including numbers 31 and 38 above), 
which bind three distinct determinants on E1, cross-react with 
western equine encephalitis virus and protect mice from lethal 
intraperitoneal challenge with this alphavirus. 
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The predominant opioid peptides of the gut, Met-enkephalin 
and Leu-enkephalin are confined to neurones of the myenteric 
plexus'*. Axonal projections from these neurones innervate 
the circular muscle layer running parallel to the smooth muscle 
cells’. An opioid tridecapeptide (dynorphin), first isolated from 
the porcine pituitary’, is found in neurones of the submucosal 
plexus in the guinea pig; axonal projections from these neurones 
also innervate the circular muscle layer’*. Dynorphin consists 
of an N-terminal Leu-enkephalin sequence coupled to a C- 
terminal octapeptide by an Arg~Arg sequence. Neural recep- 
tors for all three opioid peptides and for opiate narcotics have 
been identified in the myenteric plexus where they cause hyper- 
polarization of neurones””’, inhibition of acetylcholine (ACh) 
release" and blockade of muscle contraction induced by field 
stimulation”, Measurements of motor activity in circular 
muscle where enkephalinergic fibres are most abundant, suggest 
that opiates also have a direct contractile action’. We have 
tested this possibility in isolated gastric smooth muscle cells 
devoid of neural elements”’’, and report here the presence of 
specific high-affinity opiate receptors on such cells of the guinea 
pig. The receptors mediate contraction as measured by image- 
splitting micrometry, and exhibit a rank order of potency and 
absolute values similar to those reported for neural receptors 
of the myenteric plexus. In view of the distribution of 
enkephalinergic fibres predominantly to gut smooth muscle, 
our results strongly support a direct neuro- transmitter role for 
enkephalins in this region. 

Smooth muscle cells were isolated from the stomach of the 
guinea pig as described in detail elsewhere” (see Fig. 1 legend). 
The morphometric profile of freshly dispersed cells is illustrated 
in Fig. 1 (mean cell length +s.e.m. = 109.34 1.2 pm; n = 52). 
Exposure of the celis to maximally effective concentrations of 
Met-enkephalin, Leu-enkephalin or morphine for 30s shifted 
the curve to the left, causing the appearance of a greater 
proportion of shorter, contracted cells. The contractile response 
to a given dose of agonist was determined from the fractional 
(percentage) or absolute decrease in mean cell length compared 
with controls. 

The kinetics of contractile response to Met-enkephalin and 
other opiates were similar to those reported for other contractile 
agents such as ACh, COOH-terminal octapeptide of cholecys- 
tokinin (CCK-OP) and gastrin-17)*’. The response was immedi- 
ate, reached a peak in 30s and reverted to a sustained plateau 
for at least 8 min (Fig. 2). Figure 3 shows dose-response curves 
constructed for opioid peptides and morphine using the values 





Table 1 Maximum contractile responses to opiate agonists 





Maximal 
contractile 
response 
(% decrease in Potency 
cell length) [Dsq (M)] 
Dynorphin 33.741.9(n=7) 10° 
Met-enkephalin 34.1+ 1.4 (9) 1.2x107° 
D-ala’-met-enkephalinamide 30.1 + 0.9 (5) 6.0x107° 
Morphine 29.7+1.3 (5) 2.0x1078 
Leu-enkephalin 30.0+ 3.6 (7) 1.2x107’ 
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of the 30-s peak responses. At the highest doses used, all opiate 
agonists elicited maximal contractile responses similar to those 
previously reported for 10°? M CCK-OP and 107 M ACh?!” 
(30-34% decrease in mean cell length) (Table 1). The order 
of potency as determined from the dose required to produce 
one-half of the maximal response (Do) was dynorphin > 
Met-enkephalin > D-Ala*-Met-enkephalinamide > morphine > 
Leu-enkephalin. Note that the widest difference in potency 
(1,200-fold) was between Leu-enkephalin and dynorphin, 
which includes the sequence of Leu-enkephalin in its NH,- 
terminal; this raises the possibility that tryptic cleavage of 
dynorphin to Leu-enkephalin terminates the action of dynor- 
phin as a putative neurotransmitter. The higher potency of 
Met-enkephalin relative to its synthetic analogue suggests 
minimal or no degradation of Met-enkephalin in muscle cell 
suspensions’. If this assumption is correct, the potency as 
determined in isolated muscle cells should reflect the true 
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Cell length (um) 
Fig. 1 Distribution of smooth muscle cell lengths in the control 
state (MB) and after 30s exposure to Met-enkephalin (@), Leu- 
enkephalin (A) or morphine (©). The shift of the curve to the left 
indicates the appearance of a greater proportion of shorter, more 
contracted cells. Cells were obtained from the circular muscle 
layer of the stomach of guinea pigs by two sequential 45 min 
incubations of muscle strips in Krebs bicarbonate buffer containing 
0.1% collagenase (Worthington CLS, Type ID and 0.01% soybean 
trypsin inhibitor. The partly digested strips were washed with 
50 ml of enzyme-free buffer and re-incubated for 30 min to allow 
cells to disperse spontaneously. The cells were collected by filtra- 
tion through 500 um Nitex ¿ben examined within 30 min of 
dispersion. Aliquots (2.5 x 104 cells in 0.5 ml) were incubated for 
30s with 0.1 ml of a solution containing agonist, and the cells 
were then. fixed rapidly with acrolein. Incubation periods in the 
range 15s to 8 min were used to examine the kinetics of contrac- 
tion. Control cells were treated in the same manner but without 
added agonist. In the control state and for each test modality, the 
lengths of 50 cells in sequential microscopic fields were measured 
by image-splitting micrometry. Contraction was determined from 
the percentage decrease in mean cell length compared with control. 


structure-activity status of Met-enkephalin and other opioid 
peptides. 

Naloxone (3x 10°'° M) caused a parallel rightward shift of 
the dose-response curve for Met-enkephalin without affecting 
maximal response (Fig. 4). A higher dose of naloxone (3 x 
107° M) caused a further shift of the dose-response curve and 
10°’ M abolished the response to all doses of Met-enkephalin. 
We compared the effect of 3x 10°'°M naloxone against the 
highest effective doses of opiate agonists (107° M for dynorphin 
and. Met-enkephalin; 10°°M for morphine and Leu- 
enkephalin). Naloxone was a more effective inhibitor of the 
responses to morphine and Leu-enkephalin (83-85% inhibi- 
tion) than of the responses to dynorphin and Met-enkephalin 
(34 and 24% inhibition, respectively). Naloxone inhibited 





Contractile response 
(% decrease in cell length) 
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Fig. 2 Kinetics of contraction in response to 10°°M Met- 

enkephalin. The prompt rise to a peak in 308 and reversal to a 

sustained contractile plateau was similar to that previously found 

for non-opiate agonists . Each point is the meanss.e.m. of 
four experiments. 


specifically the response to opiate agonists; it affected neither 
the response to CCK-OP nor the response to ACh. Conversely, 
dibutyryl cyclic GMP (10°°M), a specific antagonist of ‘the 
CCK-~gastrin receptor in .neural, muscular and epithelial 
tissues’***, inhibited the contractile response to CCK-OP but - 
had no effect on the response to the two opiate agonists tested 
(Met-enkephalin and morphine) or on the response to ACh”. 
Atropine (5§x107'°-5x 10° M) also had no effect on. the 
response to 10°°M Met-enkephalin or morphine, although it 
abolished the response to ACh”. 

There was a remarkable similarity not only in the rar 
but also in the absolute potencies of opiate agonists act 
isolated smooth muscle cells and nerve fibres of the gui f 
myenteric plexus??? In both tissues, dynorphin e: a 
the highest potency (Daa ~ 107° M) and. Leu-enkephal in a ae 
morphine, the lowest potency (Dsy~ 10°’ M). The potency of 
Met-enkephalin in isolated muscle cells was much close 
of dynorphin than to that of Leu-enkephalin. The high p 
of dynorphin and Met-enkephalin and the relative resist 
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Fig. 3 Dose-response curves for the contractile effects of opioid 

peptides and morphine on isolated smooth muscle cells. Maximal — 

responses and Dsos are given in Table 1. Each point is the mean 
of 4-9 experiments. 
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Fig. 4 Dose-response curves for the contractile effects of Met- 

enkephalin alone (@) or in combination with naloxone (O, 3x 

10710 M; 0, 10°? M naloxone). Each point is the mean+s.e.m. 
of four experiments. 


of their effects to naloxone in isolated muscle cells suggest that 
the receptor(s) with which they interact are different from those 
for morphine (u receptors). Chavkin and Goldstein” applied 
selective protection against the irreversible antagonist, chlor- 
natrexamine, to show that the receptor for dynorphin in the 
myenteric plexus of the guinea pig is distinct from that for 
morphine or Leu-enkephalin. Concurrent desensitization of 6 
and u receptors in mouse vas deferens also showed that the 
dynorphin receptor is distinct from that for other opiates'*”*. 

The effectiveness of dynorphin and Met-enkephalin as direct 
contractile agonists agrees with their relative abundance in the 
stomach and intestine and their preponderance in the circular 
muscle layer. Similar results were obtained recently in smooth 
muscle cells isolated from the human stomach and canine gall 
bladder (K.N.B. and G.M.M., unpublished observations). The 
finding of a direct effect favours a role for these peptides as 
contractile neurotransmitters. However, dynorphin and Met- 
enkephalin are equally effective neural opiate agonists in the 
gut. Enkephalinergic fibers ramify with other fibres in the 
circular muscle layer, forming axonal bundles that could well 
permit axo-axonal interactions such as presynaptic inhibition 
of ACh release from cholinergic nerve terminals. It is even 
possible that enkephalins and ACh co-exist in some nerve 
terminals of the myenteric plexus as they do in sacral pregang- 
lionic fibres in the viscera of the cat’? and postganglionic 
cholinergic terminals in the adrenal medulla”. Co-release, like 
adjacent release of enkephalins, could inhibit further presynap- 
tic release of ACh. 

Physiologically, the outcome is probably a combination of 
direct excitatory and indirect neurally-mediated inhibitory 
effects, the former inducing tonic motor activity in the gut, the 
latter, phasic or peristaltic activity’. The topography of 
enkephalin fibres in the gut indicates that a myenteric plexus— 
circular muscle preparation is the more apt physiological model 
with which to test neurally-mediated effects of enkephalin. 

This work was supported by NIH grant AM-15564 and 
USPHS grant AM-28300. 
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Pharmacological and biochemical studies of classical opiates and 
opioid peptide analogues have revealed the existence of several 
subclasses of opiate receptors’*, among which the yu -, 6-, K- 
and o -receptors have been most widely discussed. The physiol- 
ogical roles of the different receptor classes and their structural 
characteristics remain to be elucidated. Recently, a cyclic 
analogue of enkephalin, H-Tyr-cyclo[-N”-D-A,bu-Gly-Phe- 
Leu-] (Fig. 1, compound I; A,bu represents a,y-diamino- 
butyric acid), showing high potency in y-receptor-selective 
bio- and binding assays has been described’. To assess the 
effect of the conformational constraint introduced by cycliza- 
tion on opiate receptor selectivity, we have compared the 
cyclic compound I with its corresponding open-chain analogue, 
[D-Abu’,Leu*]enkephalinamide (Fig. 1, compound Il; Abu 
represents œ -aminobutyric acid), in bioassays based on inhibi- 
tion of electrically evoked contractions of the guinea pig ileum 
and the mouse vas deferens, and in binding assays using u- 
and 5-receptor-selective radiolabels. The differences in potency 
of the two compounds observed in the four assay systems 
suggest that the various opiate receptor subclasses have 
different preferences in terms of conformational properties of 
‘complementary’ ligands. 

Compared with [Leu*Jenkephalin (H-Tyr-Gly-Gly-Phe-Leu- 
OH; III in Table 1)’, the cyclic analogue I shows a 17-fold 
increase in potency in the guinea-pig ileum (GPI)-assay and is 
twice as potent as the linear analogue, II (Table 1). The effect 
of both analogues on GPI was found to be naloxone-reversible. 
In the case of compound I, the apparent dissociation constant 
(K.) obtained with naloxone as antagonist was 12 times lower 
than that determined for [Leu ]enkephalin and comparable to 
that observed for the u -receptor-selective agonist, levorphanol. 
These observations indicate that the cyclic analogue exerts its 
effect on the GPI via interaction with u-receptors. 

In contrast to the results of the GPI assay, however, the cyclic 
analogue I is seven times less potent than the naturally occurring 
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Table 1 Inhibitory potencies ( ICso8) and sensitivities to naloxone (K.) of peptide analogues, [Leu Jenkephalin and levorphanol in the guinea pig 
ileum and mouse vas deferens assays 





hm enteritis 





ICso(nM)* K. (nM)* 


No. Compound GPI MVD ICso (MYD)/IC3o (GPT) GPI MVD 
I  Tyr-cyclo[-N*-D-A,bu-Gly-Phe-Leu-] 14.142.9 81.4+5.8 5.77 0.122+0.028  0.576+0.044 
Il [pD-Abu’,Leu*Jenkephalinamide 28.7413 45.649.1 1.59 0.181+0.033  1.50+0.19 
HI [Leu*Jenkephalin 246439 11.441.1 0.046 1.53+0.43 §.86+0.90 
IV Levorphanol 17.0+3.0 278 +56 16.4 0.064+0.005  0.837+0.182 


The assay based on inhibition of electrically induced contractions of the GPT’? was performed as described elsewhere’. The MVD assay was 


performed as described previously’. A log dose-response curve was 


determined using [Leu° Jenkephalin as the standard for each ileum or vas 


deferens preparation and ICsos of the compounds being tested were normalized according to a published procedure’*. K, values for naloxone as 
antagonist were determined from the ratio (DR) of ICso values obtained in the presence and absence of a fixed naloxone concentration (a), using 


the equation K, = a/(DR ~1)??, 


The chemical syntheses of analogues I ard II are described elsewhere”, 


* Mean of three determinations (+5.e.m.). 


peptide and half as potent as its corresponding open-chain 
analogue (II) in the mouse vas deferens (MVD)-assay. There 
is evidence that, in addition to the predominant 6-receptor, the 
MVD also contains u- and «-receptors. As indicated by the 
high naloxone K, (5.86 + 0.90 nM), [Leu*]enkephalin interacts 
selectively with 8-receptors in the MVD preparation, whereas 
levorphanol, with a low K, value of 0.837 +0.182 nM, has high 
preference for u -receptors in this tissue. The u -receptor prefer- 
ence of the cyclic analogue I is revealed by a similarly low K, 
(0.5764 0.044 nM), whereas analogue II shows a K, (1.50+ 
0.19 nM) intermediate between those of levorphanol and 
[Leu*]Jenkephalin, indicating its mixed u +8 character. 

The MVD/GPI ICs (50% inhibitory concentration) ratio 
observed for the cyclic analogue I was 125 times higher than 
that of [Leu”]Jenkephalin and was comparable to the ratios 
determined for the y-type agonists, [D-Ala?,MePhe’, 
Met(O)-ol’Jenkephalin® and _ [D-Ala*,MePhe*,Gly-ol*]en- 
kephalin’. Interestingly, the cyclic compound I also showed a 
MVD/GPI ICs, ratio about four times higher than the open- 
_ chain analogue IJ. This result, together with the difference in 
the naloxone K. values observed in the MVD assay, suggests 
that the conformationally restricted analogue I has a lower 
preference for 8-receptor than the more flexible open-chain 
analogue II. . . 

Affinities for opiate receptors in rat brain membrane prepar- 
ations were determined in parallel binding assays using 
*H-naloxone as a radioligand which preferentially binds to 
u -receptors and “H-[D-Ala’,D-Leu*]Jenkephalin as a radiolabel 
with preference for 5-receptors (Table 2). Sodium ratios of 
47.0 and 38.9 were determined for analogues I and H, respec- 
tively, from *H-naloxone displacement curves obtained in the 
absence and presence (100mM) of sodium chloride. This 
Observation indicates the agonist character of both com- 
pounds’”. In the -receptor-selective binding assay, analogue 
I showed a 28-fold decrease in affinity compared with analogue 
II, whereas in the u-receptor-selective binding assay, only a 
twofold reduction in affinity was observed. The nearly equal 
affinity of the linear peptide II for u- and 6-receptors and the 
low affinity of the cyclic compound I for 6-receptors are 
reflected in the ratios of the inhibition constants (K?/K*) 
obtained from the two binding assays. We observed some 
discrepancies between the binding data and the results of the 
bioassays; analogue I was twice as potent as its linear counter- 
part II in the GPI assay, whereas in the “H-naloxone binding 
assay, almost the reverse was true. A divergent effect of the 
conformational constraint in I on ‘efficacy’ and affinity rep- 
resents one possible explanation for this observation, Cycliz- 
ation would reduce affinity for -receptors but lead to a more 
productive peptide-receptor complex. On the basis of the well- 
known correlation between sodium ratio and ‘efficacy’'®, the 
higher sodium ratio observed for analogue I compared with II 
seems to support this hypothesis. Alternatively, a third type of 
receptor may be involved and the simple 4./8-receptor concept 
may be insufficient to explain the present data. That the situ- 
ation in rat brain may indeed be more complicated is indicated 


by the recent demonstration’ of three major types of morphine 
and enkephalin receptors (41, 4. and ô), Finally, it is interesting 
to note that cyclization produces only a twofold potency 
decrease in the MVD assay but a 28-fold affinity decrease in 
the 6-receptor-selective binding assay. This apparent dis- 
crepancy can be explained by the fact that the greatly reduced. 
affinity of the cyclic analogue for 6-receptors is partly com- 
pensated by its ability to act as a highly productive -agonist 
in the MVD, as indicated by its low naloxone Ke. 

Thus, comparison of analogues I and Il in bioassays and 
binding assays reveals that introduction of the conformational 
constraint by ring closure in analogue I is directly and uniquely 
responsible for its decreased 8-character compared with the 
linear peptide II. Obviously, the semi-rigid 14-membered ring 
structure of I is highly compatible with the topography of the 
#-receptor, but causes a decrease in affinity for -receptors 
compared with the open-chain analogue II, Analysis of the 
conformational possibilities of I revealed that several conforma- 
tions proposed for native enkephalin in solution or when bound 
to its receptor cannot be adopted by the cyclic analogue’. | 
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Fig. 1 Structural formulas of the cyclic enkephalin analogue, 
Tyr-cyclo,-N”-D-A,bu-Gly-Phe-Leu- (D, and its corresponding. Poe 
open-chain analogue, [D-Abu’,Leu lenkephalinamide (1). © < 
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Table 2 Inhibitory effects of peptide analogues and [Leu Jenkephalin on the binding of 3H-naloxone and °H-[p-Ala’, b-Leu Jenkephalin in rat 
brain homogenates 
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No. Compound 
I  Tyr-cyclo[-N”-D-Azbu-Gly-Phe-Leu-] 
II (p-Abu’,Leu’ Jenkephalinamide 

HI [Leu Jenkephalin 


e a nA ee 


`H-naloxone binding, 


`H-[D-Ala",D-Leu Jenkephalin 


KË (nM) binding, K? (nM) K*/K? 
13.8+3.4 115416 8.33 
5.60+0.11 4.06 + 1.46 0.725 
27.745.7 2.05+0.96 0.291 


Binding studies using rat brain membrane preparations were carried out as described elsewhere’. “H-naloxone and i H-[p-Ala’,p-Leu’]- 
enkephalin at concentrations of 0.40 and 0.96 nM, respectively, were used as radioligands and incubations were performed at 0°C for 1h. K; 
values were calculated based on Cheng and Prusoff’s equation” using values of 0.5 and 0.8 nM for the dissociation of “H-naloxone and 
4-[p-Ala’,p-Leu” yenkephalin, respectively. Values shown are the mean of three determinations (+s.¢.m.). 


As the open-chain analogue is distinguished from the cyclic 
compound merely by the opening: of a single carbon-nitrogen 
bond (Fig. 1), these results permit the unambiguous conclusion 
that different opiate receptor subclasses have different confor- 
mational requirements. The difference in receptor topography 
could be due to the existence of different conformational forms 
of a single opiate receptor protein, the distribution of which 
might be regulated by allosteric effectors'’. Alternatively, 
heterogeneity in opiate receptor topography could be due to 
minor changes in receptor protein sequence”. 

The results described here represent the first direct 
demonstration of a difference in conformational requirements 
between receptor subclasses in a situation of peptide receptor 
heterogeneity. In the case of somatostatin'*"* and bradykinin”, 
differences in receptor topography between receptor types 
mediating different biological effects have been suspected but 
could not be demonstrated unambiguously, because in these 
studies, based on pharmacological profiles of peptide analogues, 
the effect of amino acid substitutions could not be dissociated 
from a possible conformational effect. Evidence for a difference 
in conformational requirements between different receptor sub- 
classes has been obtained in the case of y-aminobutyric acid'®. 

Most linear peptides occurring in nature are very flexible and 
therefore able to adapt to different receptor surfaces without 
showing much selectivity. The demonstrated existence of recep- 
tor subclasses with topographically distinct features opens up 
an avenue for the design of receptor-selective peptide ligands 
by incorporation of appropriate conformational constraints. 
Subtle variation of the conformational restriction by 
modification of the ring size in analogue I'’ or by means of a 
different type of cyclization’® has resulted in cyclic enkephalin 
analogues displaying various degrees of receptor selectivity. 

We thank C. Lemieux and T. M.-D. Nguyen for technical 
assistance. This research was supported by an operating grant 
from the MRC of Canada (MT-56S55). 
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Dopamine modulates a Ca’* -activated 
potassium conductance in mammalian 
hippocampal pyramidal cells 
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Dopamine (DA) is a neurotransmitter in the mammalian central 
nervous system which has proven or potential importance in 
such neurological disorders as parkinsonism, Huntington’s 
chorea and epilepsy. Most of the electrophysiological data 
concerning the actions of DA in the brain have been obtained 
from studies in the caudate nucleus where DA produces 
neuronal depolarization and increased spike discharge’, slow 
depolarization with decreased spike discharge’ and an increase 
in apparent input resistance’ and hyperpolarization with 
reduced firing rate’. The mechanisms underlying these effects 
have not been examined. The evidence suggests that the hip- 
pocampus receives a dopaminergic projection** and that DA 
inhibits most hippocampal neurones’*. We have studied the 
effects of DA on CA1 hippocampal pyramidal cells (HPCs) in 
vitro and report here that DA causes prolonged inhibition 
associated with hyperpolarization and increased conductance. 
These effects seem to derive from induction of a Ca’*-activated 
K* conductance, and would make DA effective in modulating 
the high frequency firing and burst generation which occurs 
normally in some neurones’”’, and pathologically in HPCs 
during epileptogenesis"*. 

Hippocampal slices were prepared and maintained as pre- 
viously described’’. Intracellular recordings were obtained with 
K-acetate (4 M)-filled microelectrodes having resistances of 
25-60 MQ. Freshly prepared DA (10°°-1077 M) in standard 
Ringer's solution (pH 7.4)'? was applied either by pressure 
ejection of droplets from a broken micropipette on to dendritic 
areas of CA1 HPCs" or via superfusion (10°° M); these two 
methods produced identical results. Neurones having stable 
resting membrane potentials > —55 mV for longer than 5 min, 
and action potential amplitudes >70 mV were selected for 
study. Current was delivered through an active bridge circuit 
and bridge balance which was constantly monitored and 
adjusted. Control data were obtained with electrodes in the 
extracellular position so that records from micropipettes which 
showed polarization artefacts or rectification could be disregar- 
ded. Membrane potential (V,,) was determined by assuming 
the bath potential to be 0 mV. 

Changes due to DA application were observed in 16 of 21 
CA1 HPCs; in 13 of these, membrane properties were charac- 
terized in detail before and after drug application. The initial 
mean input resistance (Ry) of this group of cells was 38.9 + 10.7 


*Present address: Columbia University College of Physicians and Surgeons, 630 West 168th 
Street, New York, New York 10022, USA. 
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Fig. 1 Examples of DA-induced hyperpolarizations. a, Chart recording 
_ Showing the hyperpolarizing response of a cell to application of 10 uM DA, 
The voltage response to constant-current hyperpolarizing pulses shows that 
no detectable change of input resistance (Rx) accompanies this hyper- 
polarization. Resting potential, —60 mV. b, In another neurone in normal 
conditions, a 1-Hz train of 120-ms depolarizing current pulses, of sufficient 
intensity to elicit 2-10 spikes, results in membrane hyperpolarization associ- 
ated with a decrease in Ry, When depolarizing pulses are discontinued the 
membrane repoilarizes and resistance recovers to the control level. c, After 
DA application to the cell in b, the membrane hyperpolarized by a few 
millivolts (data not shown). The membrane potential was then depolarized 
to the control level with d.c. current and a train of depolarizing pulses was 
delivered comparable to that in b. Ry decreased during the train, Membrane 
_ potential and resistance at the end of the train of depolarizing pulses did 
not recover to pre-stimulus levels. Control resting potential for the neurone 
in $ and c was —56 mV. Time and current calibrations in b apply to c also, 
Voltage calibration in a applies to b and c. Spikes were amputated by 
inkwriter. Lower traces in b, c: current monitor, depolarizing current up. 
Broken lines represent baseline resting potentials. 


(+s.d.) MO at a mean resting potential of —59.7+ 5.7 mV. 
These values are similar to those previously reported’’. DA 
application caused a small initial hyperpolarization (mean 
amplitude 4.9+3.6mV) in 10 of 13 cells within 3-405 of 
delivery (Fig. 1a). Often this was not associated with a promi- 
nent change in Ry, although decreases in Ry were seen in cells 
which showed the largest hyperpolarizing responses, or when 
additional doses of DA were applied to produce further hyper- 
polarization. The shift in V,, was often sufficient to decrease 
firing frequency or silence active discharge. Further hyper- 
polarization was triggered by 120-ms depolarizing current 
pulses which evoked spike trains. It is known that slow after- 
hyperpolarizations (AHPs) lasting up to 1-2 s normally follow 
repetitive spike discharges in HPCs”*"'**°. We found that, in 
control conditions, when depolarizing current pulses were 
delivered at frequencies of ~1 Hz, and at sufficient intensity to 
elicit 2-10 action potentials, these slow AHPs summated until 
steady membrane potential was reached (Fig. 14). In the contro! 
state, Vm consistently recovered to the baseline level within 
seconds after such stimulation was discontinued. Following DA 
application, however, the slow AHPs evoked by the same 
depolarizing current pulses were larger and there was no 
recovery of V,, to the baseline potential after cessation of the 
pulses (Fig. 1c). In addition, slow AHPs following a single 
evoked spike train (tested at control V,, maintained with d.c. 
current) were also augmented (Fig. 2a~c). Such AHPs were of 
larger amplitude than those in control neurones and lasted for 
as long as 18s (13s in the case of Fig. 2d). Augmented AHPs 
were also found in neurones impaled after DA application (see 
- below). The prolonged duration was not dependent on the 
passage of intracellular d.c. current. The DA effect on AHPs 
was detectable in seconds and reached a maximum after several 





minutes. In addition it appeared that the actions on the AHP 
were due to some cumulative process initiated by spike trains, 
as a sequence of conditioning trains evoked at 1 Hz by 120-ms 
depolarizing pulses increased the duration of an AHP triggered 
seconds later. 

The maximum total hyperpolarization, that is, that which 
occurred after DA delivery (Fig. 1a) plus that which could be 
further evoked during summated AHPs (Fig. 1c), was 7.7+6.0 
mV (n = 13). These peak increases in V,, were associated with 
decreases in Rx of 19-42% (compare amplitude of responses 
to hyperpolarizing pulses in Fig. 2a, b, before and after DA). 
The changes in Ry which accompanied the DA-induced hyper- 
polarization were not related to membrane rectification: for 
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Fig.2 Siow AHPs induced by depolarizing current pulses. a, Chart record- 
ing of control response to a depolarizing pulse. The AHP lasts 600 ms, 
‘reaches 2 mV in amplitude, and is associated with a peak decrease in 
resistance of ~11% (ref. 14). b, Following DA application (10 uM) this cel! 
hyperpolarized (not shown) and input resistance decreased. The membrane 
was depolarized to the resting potential of a and the amplitude of the 
depolarizing current pulse adjusted to elicit a number of spikes comparable 
to those of the stimulus in a, This was necessary because of a decrease in 
baseline Ra of ~35% compared with the control. In these conditions AHPs 
lasted for 2.5 s, reached 4mV in amplitude, and were associated with 
proportionately larger decreases in resistance {peak decrease of ~20%}. 
The apparent difference in responses to initial depolarizing pulses in g 
compared with 6 is due to distortion produced by the low frequency response 
of the chart recorder, and the effect of DA in decreasing Ry. c, Recovery 
of AHPs to control duration and amplitude was seen in this same neurone 
45--60 min after DA application. d, Much longer duration AHPs (> 10s) 
and associated resistance changes were evoked in several cells. In this 
neurone, impaled 1 h after DA application near the cell of a-c, the AHP 
lasted for 13 s. No d.c. current was passed through the electrode during 
this recording. Voltage and current calibrations in a apply to b-d also. 
Time calibration in a applies to 4 and c. 
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Fig. 3 Representative current-voltage relationship in one cell before (@) 

and after (©) DA application (10 pM). Curves were obtained by plotting 

steady-state applied pipette current against the membrane potential.Current 

([)-voltage (V) lines were drawn using linear regression to obtain a least- 

squares fit of the data. The reversal potential for DA hyperpolarization in 

this neurone, determined from the point of intersection of these curves, 
was —91 mV. 


example, the mean Ry before DA application was 37.3 + 10.2 
MO at the original resting Vm of -60.1+6.0 mV (n = 11). After 
peak DA-induced hyperpolarization was attained, sufficient d.c. 
current was delivered to depolarize HPCs back to the original 
resting Vm. The mean Rx measured at this voltage level was 
29,.0+8.8 MQ, which was a significant (P <0.005) decrease of 
22.2% from control values. 

A reversal potential for the DA hyperpolarization was 
obtained from plots of voltage against applied current before 
and after DA application. Figure 3 shows a representative plot 
from one neurone. The mean reversal potential obtained from 
intersection of voltage—current lines was —86.8+ 11.1 mV (n = 
8), a value consistent with DA increasing K* conductance (gx)"°, 
and more negative than the expected Cl” equilibrium potential 
of ~—70 mV (ref. 16). This conclusion was supported by the 
observation that DA-induced increases in V,, were equally 
prominent in neurones impaled with KCl-containing microelec- 
trodes, even when inhibitory postsynaptic potentials (i.p.s.ps), 
known to be primarily Cl”-mediated'”"*, were reversed. 

In most cases, recovery from DA-induced hyperpolarization 
or augmentation of AHPs did not occur during a single impale- 
ment. However, in one particularly stable recording, it was 
possible to follow the time course of DA influence over a period 
of 2 h (Fig. 2). During the control period, AHPs reached a peak 
amplitude of 2 mV, and lasted ~600 ms (Fig. 2a). Following 
focal application of DA and adjustment of Vm to the control 
level with d.c. current, the AHP peak amplitude increased to 
4mV and lasted 2.55 (Fig. 2b); recovery occurred in 45 min 
(Fig. 2c). Other neurones in the same area impaled up to 1 h 
after DA application showed similar or even more pronounced 
effects (Fig. 2d). No d.c. current was passed to manipulate Vm 
in cells impaled after DA application since resting Vm before 
DA application was unknown. The AHP durations and ampli- 
tudes, however, were significantly larger and longer than those 
found in control neurones in these and previous experiments’. 
These data suggest that the DA-induced alterations are revers- 
ible, but long-lasting. 

Our results are similar in some respects to those reported by 
Herrling® for anaesthetized cats. In both cases cell discharges 
were decreased or blocked, and in most cells a hyperpolarization 
developed. However, Herrling found an increase in resistance 


in four neurones tested, in contrast to our results. The reasons 
for this discrepancy are not clear, but could relate to the action 
of anaesthetic or the technical difficulties in studying partially 
depolarized neurones in vivo. 

The most reasonable explanation for the DA-induced hyper- 
polarization and the augmentation of AHPs is that they both 
derive from increases in K* permeability. As noted above, the 
equilibrium potential for DA hyperpolarization is in the range 
expected for this ion (Fig. 3). Effects on AHPs could be due 
to enhancement of the Ca?” -activated gg which underlies these 
events in HPCs'*'*. DA-enhanced and normal AHPs are 
associated with conductance increases, have reversal potentials 
at very negative levels, and may both be blocked by Mn’, a 
Ca?* antagonist'*”°, If the DA-enhanced slow AHP were due 
in part to Na`™-K* pump activation’”, we would have expected 
persistence of at least a component of this potential when trains 
of spikes were evoked in Mn** solutions. Although all slow 
AHPs were blocked in 3 mM Mn”* solutions, hyperpolariz- 
ations associated with conductance increases similar to that 
shown in Fig. 1a were still observed after DA application to 
some neurones. These effects must be postsynaptic as this 
concentration of Mn?* blocks synaptic transmission in hippo- 
campal slices'*. 

Effects of DA in inducing or enhancing a Ca**-dependent 
K* conductance could result from effects on processes which 
increase intracellular Ca?* concentration ([Ca’*],) as proposed 
for neocortical neurones following dinitrophenol injection”® and 
for cockroach neurones after DA application’. For example, 
the DA-induced initial hyperpolarization could result from 
release of Ca** from intracellular stores, or decreased Ca?* 
buffering. These actions, combined with tonic Ca’* entry”, 
would prolong and increase K* conductance. Alternatively, DA 
may enhance calcium entry into neurones—this is suggested by 
its reported effects in cardiac muscle fibres’; however the 
persistence of DA-induced hyperpolarization in Mn** solutions 
that block Ca** entry”® is more consistent with a DA-mediated 
release of Ca** from intracellular stores. The cumulative hyper- 
polarization which follows repetitive stimulus-induced spike 
trains (for example, Fig. 1c} would thus derive from prolonged 
increases in [Ca**], following Ca?” influx, which in turn would 
activate a sustained change in K* conductance. Recent experi- 
ments showing that EGTA injection into neurones blocks DA- 
induced hyperpolarization and DA-enhanced AHPs further 
substantiate the involvement of Ca’* in DA effects” 

DA is a potent inhibitory agent which modulates the relation- 
ship between cell activity and the development of intrinsic 
inhibitory membrane properties in HPCs through effects on the 
Ca**-activated K* conductance. Its inhibitory action would be 
most effective during periods of Ca** entry associated with 
burst generation’? and high frequency firing such as occur in 
CA1 HPCs following exposure to acetylcholine’’, and during 
epileptogenesis'''***. The possibility that DA modulates such 
burst generation and seizure susceptibility in vive is supported 
by anatomical data demonstrating a more or less direct projec- 
tion of the hippocampal complex to the cells of origin of the 
dopaminergic projection”. 

We thank Drs B. W. Connors, L. M. Masukawa, B. R. 
Ransom and S. H. Thompson for helpful discussion, Ms C. Joo 
for secretarial assistance, and Mr J. L. Kadis for technical help. 
This work was supported by NS 12151 and NS 06477 (D.A.P.), 
a NSF Graduate Fellowship (L.S.B.), and the Morris Research 
Fund. 


Received 23 July 1981; accepted 2 March 1982. 


. Kitai, S. T., Sugimori, M. & Kocsis, J. D. Exp! Brain Res. 24, 351-363 (1976). 

. Bernardi, G., Marciani, M. G., Morcutti, C., Pavone, F, & Stanzione, P. Neurosci. Lett. 
8, 235-240 (1978). l 

. Herrling, P. L. & Hull, C. D. Brain Res. 192, 441-462 (1980). 

Swanson, L, W. & Hartman, B. K. J. comp. Neurol. 163, 467-505 (1975). 

Bischoff, S., Scatton, B. & Korf, J. Brain Res. 165, 161-165 (1979). 

. Scatton, B., Simon, H., Le Moal, M. & Bischoff, S. Neurosci. Len. 18, 125-131 (1980). 

. Biscoe, T. J. & Straughan. B. J. Physiol, Lond, 183, 341-359 {1966} 

. Herrting, P. L Brain Res, 212, 331-343 (1981). 

. Kandel, E. R. & Spencer, W. A. J. Neurophysiol. 24, 243-259 (1963). 


Di m= 


ONDUN Aw 





a 


Nature Vol. 297 6 May 1982 


i UUU 


10, Wong, R. K. S. & Prince, D. A. Brain Res. 189, 385-390 (1978). 

il. Schwartzkroin, P. A. & Prince, D. A. Ann, Neurol. 1, 463-469 (1977), 

12. Schwartzkroin, P. A. Brain Res. 128, 83-68 (1975), 

13. Benardo, L. $. & Prince, D., A. Brain Res. L1, 227-234 (1981). 

14, Hotson, J. R. & Prince, D. A. J. Neurophysiol, 43, 409-419 (1980), 

15. Alger, B. E. & Nicoll, R. A. Science 240, 1122-1124 (1980). 

16. Anderson, P., Dingledine, R., Gjerstad, L., Langmoen, L A. & Mosfeldt Laursen, A. J. 
Physiol, Lond. 305, 279-296 (1980), 

17. Krnjevic, K. Physiol. Rev, $4, 419~S40 (1974), 

18. Alger, B. E. & Nicoll, R. A. Nature 281, 315-317 (4979). 

19. Segal, M. Brain Res. 206, 107-128 (1981). 

20. Godfraind, J. M., Kawamura, H., Kmjevic, K. & Pumain, R. J. Physiol, Lond, 248, 
199.222 (1971). 

21. Ginsborg, B, L., House, C. R. & Mitchell, M. R. 2. Physiol, Lond. 303, 325-335 (1980), 

22. Hotson, J. R., Prince D. A. & Schwartzkroin, P. A. J. Neurophysiol. 42, 889-895 (1979), 

24. Gelles, J. M. & Aronson, R. S. Circulation Res. 40, 861-566 (1977). 

24, Schwartzkroin, P. A. & Prince, D, A. Brain Res. 147, 117-130 (1978). 

25. Swanson, L. W. in Functions of the Septohippocampal System, 25-48 (Elsevier, Amsterdam, 
1978). 

26, Benardo, L. S. & Prince, D, A. J. Neurosci. iin the press). 


SA ETENEE EEEN ONEI, 
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Many toxic compounds alter specifically the functioning of the 
fast sodium conductance that is responsible for the generation 
of action potentials in neuronal and muscle cells. One important 
class of these compounds consists of the lipid-soluble toxins, 
such as veratridine and other ceveratrum alkaloids, 
batrachotoxin, aconitine, and the diterpenoid grayanotoxins. 
These molecules are thought to bind to a common receptor site 
on the Na” channel", thus inducing a membrane depolariz- 
ation which can be suppressed by the addition of tetrodotoxin 
(TTX) or by the removal of Na* from the incubation medium’, 
We show here that this family of molecules is not specific for 
the Na* channel in neuroblastoma cells. Blockade of the 
voltage-dependent calcium channel is also observed, either in 
the toxin concentration range in which the molecules act on 
the Na* channel (veratridine, grayanotoxin) or at even lower 
concentration (batrachotoxin). 

Voltage-clamp experiments on differentiated N1E 115 
neuroblastoma cells have revealed the existence of two voltage- 
dependent transient inward currents: a fast Na* current that is 
TTX-inhibitable and a slow Ca** current showing a voltage- 
and time-dependent inactivation’. Similarly to Ca** channels 
described in other preparations, the Ca** channel of neuroblas- 
toma cells has the following properties: it is permeable to Ba’* 


Fig. 1 Voltage-clamp 4  . 

analysis of the effects of 3 

veratridine {a) and A 3 
batrachotoxin (6) on the meme „51 

Ca’* current of NIE 115 “42 
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70mV amplitude and ‘ 

170ms duration were 
applied from a holding 
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and Sr** cations’, is inhibited by Mn**, Co?*, Ni?* or La” 
cations’, is unaffected by TTXŚ, and is blocked by the so-called 
Ca** channel blockers, verapamil or Deoo, but only at concentra- 
tions as high as 0.1 mM (G.R., unpublished results). Voltage- 
clamp experiments presented in Fig. 1 show that veratridine 
and batrachotoxin cause a progressive decrease and ultimately 
a complete block of the Ca** current. The following are the 
main differences between the effects of veratridine and 
batrachotoxin: (1) batrachotoxin blocks the Ca** channel at a 
much lower concentration than veratridine. This difference will 
be analysed in more detail below. (2) The decrease of Ca” 
current due to the action of veratridine (Fig. 1a) is accompanied 
by a slowing of the inactivation step, whereas the kinetics of 
the Ca** channel are unchanged in the presence of 
batrachotoxin (Fig. 16). (3) Veratridine blockage of the Ca” 
channel is rapidly reversible on washing for a few minutes (Fig. 
2) whereas washing for more than 1h does not remove the 
effects of batrachotoxin. 

The peak amplitude of transient Ca™ currents before and 
after applications of 20 and 200 uM veratridine is plotted as a 
function of membrane potential in Fig. 3a. Veratridine blockade 
of Ca?™ channels is partial at 20 uM and essentially complete 
at 200 uM, and is accompanied by a shift of the current-voltage 
curve towards more negative membrane potentials. Figure 34 
shows dose-response curves for the action of veratridine and 
batrachotoxin in suppressing the transient Ca°* current. The 
half-maximum effects (K.s) of the toxins are observed at con- 
centrations of 264M and 40nM for veratridine and 
batrachotoxin, respectively. Cevadine and a-dihydrogray- 
anotoxin II are active in the same concentration range as 
veratridine. 

The concentrations of veratridine and a-dihydrogray- 
anotoxin II required for half-maximal stimulation of *“Na* 
influx in the same neuroblastoma cells were 44 and 90 uM, 


_ respectively’*. Thus, veratridine and a-dihydrograyanotoxin II 


act on both Ca** channels and Na” channels in the same range — 
of concentration. In contrast, the Ko. value for the action of 
batrachotoxin on the neuroblastoma Na” channel is ~1 4M 
(ref. 8), which is about an order of magnitude larger than that 
found for the action of the toxin on Ca** channels. 

Dose-response curves for the action of veratridine, cevadine, 
a-dihydrograyanotoxin II or batrachotoxin on Na’ channels in 
neuroblastoma cells have been obtained in the presence of 
1.8 mM external Ca”. However, higher Ca** concentrations 
strongly antagonize this effect of these lipid-soluble toxins** 
and it is largely suppressed at 25 mM Ca°**, the concentration 
at which Ca** currents were recorded here. Therefore, at high 
external Ca** concentrations, veratridine, a-dihydrogray- 
anotoxin H and batrachotoxin seem to be much more specific 
for Ca** channels than for Na* channels. 
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cessive recordings were taken 1 (1), 2 (2) and 5 (3) min after addition of veratridine. b, Time-course of the effect of 2 x 10°’ M batrachotoxin 
on the Ca?” current. Successive recordings were taken 10 (1), 15 (2) and 30 (3) min after addition of batrachotoxin. Culture dishes containing 
NIE 115 neuroblastoma cells were used directly after the culture medium had been replaced by a Na‘-free solution containing 25 mM 
CaCh, 0.4 mM MgSO,, 5.4 mM KCI, 25 mM HEPES-Tris, 5 mM glucose and 25 mM tetraethylammonium, adjusted to pH 7.4 and to an 
osmotic pressure of 305 mosmol with choline chloride. Tetraethylammonium was used to block the delayed outward K“ current, which 
partially masked the Ca** current, Voltage-clamp experiments were performed with the use of a suction pipette method analogous.to that, 
described by Lee et al. for snail neurones'”. The intracellular perfusion solution was 10 mM NaH,PO, and 115 mM glutamic acid, adjusted 
to pH 7.1 with KOH and to an osmotic pressure of 305 mosmol with sucrose. 
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Fig. 2 Reversal by washing of the blocking effect of 10°°M 

veratridine on the Ca?” current. Successive recordings were taken 

1 (1), 2 (2), 3 (3) and 4 (4) min after the beginning of washing. 

The recovered Ca°* current in (4) was reduced by ~10% from 

the control Ca** current measured before the application of 
veratridine. 


Aconitine and ceveratrum alkaloids of the veratridine family 
such as germitrine, germitridine, germine-3-acetate and pro- 
toveratrine A, which cause a persistent activation of Na” chan- 
nels in neuroblastoma cells with an efficiency similar to that of 
veratridine (P. Honerjager, C. Frelin and M. Lazdunski, in 
preparation), are inactive on Ca?” channels, even at high con- 
centrations (0.1 mM). Moreover, none of these molecules 
antagonizes the action of veratridine on the Ca?* channel, so 
that they can be considered to be specific for the Na’ channels. 

Other toxins that act on the Na* channel include TTX and 
saxitoxin, and polypeptide toxins extracted from some scorpion 
venoms or sea anemones. TTX and saxitoxin block the increase 
of Na* permeability produced either by electrical stimulation 
or by the lipid-soluble toxins. Polypeptide toxins specifically 
slow the inactivation of the Na* channel without changing the 
properties of the activation step’. The polypeptide toxins act 
in synergy with the lipid-soluble toxins. In neuroblastoma cells 
they produce an increase in the fraction of Na’ channels acti- 
vated at a saturating concentration of the lipid-soluble toxins’. 
We have shown that high concentrations of TTX (10 uM), of 
Androctonus australis Hector scorpion toxin II (0.1 pM) and 
of Anemonia sulcata toxin II (10 pM), are without effect on 
Ca?* channels in neuroblastoma cells. Moreover, the same high 
concentrations of these toxins had no effect on the blockade 
of the Ca** channels caused by veratridine, regardless of 
whether they were added before or after the lipid-soluble toxin. 
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Fig. 3 a, Current-voltage relationships for the peak transient 
Ca** current obtained from the same cell before (©) and after a 
10-min application of 2 x 107° M veratridine (@), Veratridine was 
then added at a final concentration of 2 x 10°* M for 5 min (x). 
b, Effect of different concentrations of veratridine (@), cevadine 
(2), a-dihydrograyanotoxin TI (A) and batrachotexin (inset) on 
the Ca?" current. For each concentration of toxin, a depolarizing 
pulse of 70 mV was applied from a holding potential of -80 mV. 
Ie is the peak value of the Ca** current in the control, and J is 
the peak value in the presence of different amounts of toxin. For 
veratridine, each point represents the mean ratio of [/J¢ (+s.d.) 
from five experiments. 
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The present observation that veratridine and batrachotoxin 
block Ca2* channels may lead to a reinterpretation of some of 
the results obtained by various researchers who used these 
toxins as tools on the assumption that they were specific for 
the Na” channel. 

The fact that veratridine, batrachotoxin, cevadine and a- 
dihydrograyanotoxin II act on both Na* and Ca?* channels 
suggests that some common structural feature may be necessary 
for the operation of both types of channel. As tritiated 
batrachotoxin has now been synthesized” and as batrachotoxin 
is a very potent Ca’* blocker, one of the most interesting 
possibilities for the future is that this toxin might become the 
first tool available for the biochemical titration of the Ca” 
channel. 

Batrachotoxin was kindly provided by Dr J. Daly, a-dihy- 
drograyanotoxin II by Drs M. Nakajima and Ryozo Irize and 
ceveratrum alkaloids by Dr P. Honerjager. We thank Dr C. 
Frelin and M. T. Ravier for providing neuroblastoma cells and 
Dr Y. Tourneur for his collaboration. This work was supported 
by CNRS, DGRST and INSERM (CRL, 80.30.10). 
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Although there have been many reports of the expression of 
eukaryotic genes in Escherichia coli K-12 (refs 1-4), very little 
attention has focused on the expression of these sequences in 
other bacteria. The use of other organisms may prove advan- 
tageous, especially with regard to industrial processes. For 
example, work is in progress to develop alternative host/vector 
systems based on Bacillus subtilis? and Saccharomyces cere- 
visiae®. The obligate methylotroph, Methylophilus methyl- 
otrophus, is a fermentation organism which grows very well on 
cheap substrates, methanol and ammonia. Moreover, obligate 
methylotrophs are unlikely to infect man and hence may be 
considered relatively safe. Here we report the expression of two 
eukaryotic cDNAs encoding chicken ovalbumin and mouse 
dihydrofolate reductase in M. methylotrophus, hence demon- 
strating the potential of this organism for the commercial 
production of mammalian peptides. 

Most cloning vectors developed to date are plasmids or 
phages specific for E. coli. Wide host-range cloning vectors 
based on RP4 and other IncP group plasmids have been 
developed’, but these vectors are large, have a low copy number 
and are therefore not suitable for cloning when increased 
expression due to copy number is desired. For ease of manipu- 
lation and high gene dosage, small, high copy-number, broad 
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host-range plasmids are needed. IncQ group plasmids, including 
R300B*, meet these criteria and although they are themselves 
non-conjugative, they are mobilized efficiently by conjugative 
plasmids of various groups’. Despite its advantages, however, 
R300B has relatively few restriction enzyme sites suitable for 
cloning. The composite plasmid, pGSS15°, has both the ampi- 
cillin (Ap‘) and tetracycline (Tc') resistance from pBR322 while 
retaining the broad host-range characteristics of R300B and 
hence contains a number of unique restriction enzyme sites for 
cloning. Moreover, cloning of eukaryotic cDNA into the Pst 
site of the Ap’ gene by dG.dC tailing has been demonstrated to 
lead to the expression of either fused’® or native’ eukaryotic 
polypeptides at least in E. coli. 

It has been reported previously that using broad host-range 
cloning vectors, the E. coli gdh gene has been expressed in 
M. methylotrophus'*. Here we have used pGSS15 to demon- 
Strate expression of the mouse dihydrofolate reductase and 
chicken ovalbumin genes in M. methylotrophus. 

Copy DNA derived from the mRNA for mouse dihydrofolate 
reductase (DHFR) has been cloned and expressed in E. coli'?: 
bacteria which synthesize mouse DHFR can be selected because 
they are resistant to levels of trimethoprim that would ordinarily 
inhibit growth. 

The plasmid pDHFR7 (ref. 13) was constructed by annealing 
deoxy-C-‘tailed’ cDNA to pBR322 DNA which had been 


cleaved in the B-lactamase gene by PstI and ‘tailed’ with deoxy- 


G residues. The Psi sites were regenerated on both ends of the 


insert as a result of such recircularization. The cDNA insert of 


PDHFR7 was isolated after Psi cleavage of the plasmid and 
1 ug of this DNA was mixed with 0.5 ug of pGSS15 DNA which 
had been linearized by Psél digestion. The mixture was ligated 
and used to transform E. coli ED8654 (metB, rk~mk*, supF). 
Out of 221 of the trimethoprim-resistant (Tp’) clones, 216 were 
ampicillin-sensitive, showing that the DHFR fragment had been 
inserted into the bla gene. Gel electrophoretic analysis showed 
that all the plasmids in the Tp‘Ap* clones were the same size and 
were larger than pGSS15. The DHFR cDNA has a single BglII 


restriction site which allows orientation of the fragment. 


EcoRI / Bgl ll digests of plasmids from Tc’ Ap*Tp’ and Tc‘Ap’Tp’ 
clones established that only one orientation led to functional 


SAANNIN mare ran a aAA aaa 
Table 1 Dihydrofolate reductase activities of pDHFR 2.43 in extracts of E. coli 
ED 8654 and M. methylotrophus 








Strain Substrate Addition Activity 

E. coli ED 8654 Dihydrofolate -= 0.70 £0.14 (4) 

E. coli ED 8654 Dihydrofolate mam 1.58 +0.26 (5) 
(pDHFR 2.43) 

M. methylotrophus Dihydrofolate ~ 2.34 + 0.68 (§) 

M. methylotrophus Dihydrofolate Trimethoprim* 0 (2) 

M. methylotrophus Folatet = 0 (2) 

M. methylotrophus Dihydrofolate — 12.6% 1.7 (4) 
{(pDHFR 2.43) 

M. methylotrophus Dihydrofolate Trimethoprim* 2.57+40.53 (4) 
ipDHFR 2.43) 

M. methylotrophus Folate — 0.50 (1) 
(pDHFR 2.43) 
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E. coli strains used were grown on medium containing (per }): {(NH,).SO,, 2 g; 
K,HPO,, 14 g; KH,PO,, 6 g; trisodium citrate, 1 g; MgSO,.7H,0, 0.2 g (pH 7.2) 
supplemented with methionine (50 ug mi~') and glucose added to a final concen- 
tration of 0.2%. M. methylotrophus strains were grown on methanol minimal 
medium as described previously". Cultures were grown with shaking at 37°C 
overnight, collected by centrifugation and the pellets resuspended in 3 vol 50 mM 
potassium phosphate buffer ( pH 7). The cells were disrupted by sonication on ice 
in the presence of 10 uM phenylmethylsulphony! fluoride (PMSF) and 10 RM 
benzamidine and cell debris removed by centrifugation at 10,000g for 15 min and 
100,000g for 60 min. Enzyme assays were performed at 37 °C. The standard assay 
mixture contained 50 uM dihydrofolate, 60 uM NADPH, 12 mM 2-mercap- 
thoethanol, 50 mM potassium phosphate buffer pH 7 and enzyme (normally 
100 yl of bacterial extract) in a final volume of 1.0 ml. The oxidation of NADPH 
was followed at 340 nm for ~10 min. Enzyme activity is expressed as nmol of 
NADPH oxidized per min per mg protein (mean + s.e.m.). Numbers in parentheses 
are the number of separate experiments. Protein concentration was determined by 
the method of Lowry et al.”’. 

* Trimethoprim (100 ug ml?) was added to the enzyme assays. 

+ Folate (70 pM) was included in the assay mixture instead of dihydrofolate. 
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Fig.1 Outline of the construction of pGSS15 derivatives carrying 
ovalbumin cDNA sequences fused to the lac UVS promoter, 
pGSS15 DNA (1 ug) was digested with EcoRI and Psi and the 
larger fragment isolated from an agarose gel using hydroxy- 
apatite’. A Hhal DNA fragment containing the ovalbumin 
sequence and lac UV5 promoter from pOMP?2 was isolated using 
the same technique. In the case of pOMP2, several other Hhal sites E 
are present outside the /ac-ovalbumin region (not shown). Oligo __ 
(dC) or (dG) tails were added using calf thymus terminal trans~ oo 
ferase, in the presence of 1 mM CaCl, and the two DNAs were — 
mixed in equimolar amounts, at a total concentration of 1 agmi”, 
for annealing’®. Aliquots were used to transform CaCl,-treated 
strain CL499 and transformants selected on nutrient plates 
containing (10 pg mI) tetracycline. Colonies were tested for the 
presence of ovalbumin DNA sequence by hybridization to the Taqi 
ovalbumin fragment labelled with °*P, and finally for the produc- 
tion of immunoreactive ovalbumin. 


expression of the DHFR sequence, indicating that productive 
transcription was from the -lactamase promoter. 

The plasmid R64drd11 (ref. 14) was introduced into one Tp’ 
clone, pPDHFR 2.43, and used to mobilize this hybrid plasmid 
into M. methylotrophus. Table 1 shows the levels of dihydro- 
folate reductase activity in extracts of E. coli (p DHFR 2.43) and 
M. methylotrophus (pDHFR 2.43). When trimethoprim 
(100 ug mi~") was added to the M. methylotrophus extracts, 
complete inhibition of the bacterial enzyme activity was ob- 
served, but the activity in the pDHFR 2.43 extract was reduced 
to only ~25%, consistent with observations that the mammalian 
enzyme is less prone to inhibition by trimethoprim". Further- 
more, changing the substrate to folate instead of dihydrofolate 
abolished the activity of the bacterial enzyme but the mam- 
malian enzyme retained a low level of activity (Table 1 and ref, 
16). These two observations confirm that the trimethoprim 
resistance of M. methylotrophus carrying pDHFR 2.43 is a 
consequence of the expression of the mouse dihydrofolate 
reductase gene. 

As pGSS15 retains the broad host-range characteristics of 
R300B*, we have been able to transfer pDHFR 2.43 into. 
another methylotroph, Methylomonas methylovora, and into an 
autotrophic bacterium, Alcaligenes eutrophus, and have. 
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Table 2 Synthesis of ovalbumin-like protein in bacterial extracts 


Immunoreactive 
ovalbumin 
(molecules 
Strain Plasmid per cell) 

E. coli CLA99 pOvVv230 ND 

E. coli CL499 pGS8S$15 : Tag-ov 2.8 

M. methylotrophus pGSS15 : Taq-ov 3.6 

E. coli CL499 pOMP2 740 

E. coii CL499 pGSS15: lac-~ov 760 

M. methylotrophus pGSS15: lac-ov 150 


Cultures (5 ml) of E. coli and M. methylotrophus were grown with shaking at 
37°C overnight. E. coli cultures were grown in Luria broth containing 10 pg ml”! 
tetracycline and M. methylotrophus in methanol minimal medium‘? containing 
1 wg ml”! tetracycline. Cells were collected by centrifugation and washed in $ ml of 
phosphate-buffered saline (PBS). The cells were resuspended in 5 mi of ice-cold 
PBS and disrupted by sonication. Cell debris was removed by centrifugation at 
3,000g for 10 min and the cell-free supernatant was used for the assay. Antibodies 
against ovalbumin were raised in rabbits by injecting into multiple sites 1 mg of 
ovalbumin (99%; Sigma) emulsified in Freund’s complete adjuvant. Injections 
were repeated once a week for 4 weeks and blood was collected 10-14 days after 
the last injection. Antibodies were purified by (NH,).SO, precipitation (15-40% 
saturation fraction) and dialysis. Polystyrene wells (7 mm diameter x 12 mm deep) 
were coated with anti-ovalbumin immunoglobin; 300 yl of antibody (10 pg mi‘) 
in 0.2M NaHCO, (pH 9.2) was pipetted into each well and incubated at 37 °C for 
5h. Wells were washed three times with wash buffer (PBS containing 0.5% normal 
rabbit serum and 0.1% bovine serum albumin). In triplicate, cell extract (300 pl) 
was pipetted into wells and the released antigen was allowed to bind overnight at 
4°C. After incubation, wells were washed three times with wash buffer and 300 yl 
of '25|-anti-ovalbumin immunoglobulin in wash buffer was added (25 ng ml? 
125] _anti-ovalbumin, specific activity 18 pCi pg”'). Wells were incubated at 37 °C 
for 3 h, washed three times and individual wells counted in a gamma counter. A 
standard curve was constructed using ovalbumin diluted in PBS or E. coli ceil 
extract. As a measure of the immunoreactive ovalbumin-like material produced in 
E. coli and M. methylotrophus, the dilution of each strain giving 50% of the 
maximum binding was taken to be equivalent to the mass of authentic material 
giving the same counts. The viable cell count per ml of culture and the mass of 
ovalbumin detected were used to calculate the number of molecules of ovalbumin- 
like protein produced per cell. ND, not detected. 


demonstrated that these strains are also rendered trimethoprim- 
resistant (our unpublished results). 

Chicken ovalbumin, the major egg white protein, is a poly- 
peptide consisting of 386 amino acids. The DNA sequence 
corresponding to the entire ovalbumin structural gene has been 
cloned'”'® and ovalbumin-like protein has been detected in 
bacterial extracts by immunological methods °. 

A Taql fragment of ~2,200 base pairs, containing the entire 
ovalbumin structural gene, can be excised from the plasmid 
pOV230 (ref. 19). The TaqI ovalbumin fragment was extended 
with oligo(dC) tails and annealed to pGSS15 DNA to which 
oligo(dG) sequences had been added after cleavage with Psil. 
The annealed DNA was used to transform E. coli CL499 (E. coli 
CB100 P1 transduced to rk mk”). Ap*Tc' transformants were 
screened for the presence of ovalbumin cDNA using a *’P- 
labelled probe generated by nick-translation”’ of the Taql 
ovalbumin fragment. Several positive clones from the hybrid- 
ization were screened for the production of ovalbumin using an 
immunoradiometric assay. The plasmid, R751 (ref. 22), was 
then used to mobilize the hybrid plasmids from ovalbumin- 
producing E. coli strains into M. methylotrophus. Table 2 shows 
the levels of ovalbumin expressed in E.coli and M. methyl- 
otrophus. Restriction enzyme mapping of the inserts of clones 
which did or did not express ovalbumin confirmed that expres- 
sion was in one orientation only and was probably initiated at the 
B-lactamase promoter. 

In the plasmid pOMP2 (ref. 20), ovalbumin sequences have 
been fused to part of the E. coli B-galactosidase gene. Expres- 
sion of this hybrid plasmid yields a product in which the first four 
amino acids of ovalbumin are replaced by the first eight of 
B-galactosidase and the system is under the control of the strong 
lac UVS (ref. 23) promoter. This system leads to high levels of 
expression in E. coli and it was of interest to determine whether 
similar high levels of expression could be achieved in 


M: methylotrophus. The fused -galactosidase-ovalbumin 
sequence was isolated from pOMP2 as a single Hhal fragment of 
2.7 kilobases. pGSS15 was cleaved with EcoRI and Psf and the 
large fragment isolated. The Hhal /ac-ovalbumin and EcoRI- 
Pstl pGSS15 fragments were then joined by oligo (dG.dC) 
tailing. (The construction of these hybrid plasmids is outlined in 
Fig. 1.) The annealed plasmids were used to transform E. coli 
CL499 and transformants were isolated and analysed in a 
similar manner to that used for the TaqI ovalbumin fragment. 
Table 2 shows the levels of expression of the /ac-ovalbumin 
hybrid sequence in both E. coli and M. methylotrophus. Restric- 
tion enzyme analysis of the plasmid DNA from the hybrids 
expressing ovalbumin-like protein show that. the inserted 
sequence is expressed in both orientations. However, one 
orientation (shown in Fig. 1a) is favoured (evident in 9 out of 10 
isolates); the significance of this unknown. Expression in both 
orientations, together with the comparable levels of expression 
of the lac-ovalbumin fragment in pGSS15 and in the parental 
plasmid is evidence that the expression remains under control of 
the lac UVS promoter. 

The levels of immunoreactive ovalbumin detected in E. coli 
from both the B-lactamase and lac promoters are ~50-fold 
lower than expected. The expression of a penicillinase~ 
proinsulin fused protein produced in similar conditions’* was 
~100 molecules per cell and expression of ovalbumin-like 
protein under lac control has been reported at 30,000 molecules 
per cell!®°, compared with 2.8 and 760 from the present study. 
The most likely explanation of these differences concerns the 
assay systems and in particular the specificity, affinity and avidity 
of the antibodies used. We have tested this hypothesis using a 
published radioimmunoassay~’. The ovalbumin levels detected 
were similar to those of the immunoradiometric assay described 
above, indicating that the differences from other published 
results are probably due to the antisera used. 

Although less than in E. celi, the level of expression of the two 
eukaryotic cDNAs in M. methylotrophus is significant, indicat- 
ing that reasonable levels of expression may be achieved in the 
latter using promoter sequences previously investigated only in 
E. coli. It remains to be determined how closely related these 
E. coli promoter sequences are to the natural M. methylotrophus 
control sequences. 

We thank Dr S. N. Cohen for providing pDHFR7, Dr B. W. 
O'Malley for pOV230, Dr O. Mercereau-Puijalon for pOMP2, 
Dr B. J. Bachman for CB100 and E. M. Pioli for CL499. We 
thank Drs M. S. Rose and E. C. Dart and Professor W. J. 
Brammar for their interest, support and helpful discussions. 
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Evidence that a human 
-tubulin pseudogene 
is derived from its 
corresponding mRNA 
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Mary Gwo-Shu Lee & N. J. Cowan 
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Princeton, New Jersey 08544, USA 


aneneen SOSS 


Pseudogenes—sequences which are homologous to functional 
genes but which contain mutational changes precluding the 
formation of a functional product—seem to be a common 
feature of eukaryotic genomes. Such sequences were first 
described in the 5S gene of Xenopus laevis’, and have since 
been found in several gene families including those of the a- 
and B-globins of several species’'°, immunoglobulin V. 
genes’, the actin genes of Dictyostelium’? and the small nuclear 
RNA genes of man”. Among the globin pseudogenes, there 
appear to be two kinds of structural organization: genes that 
have retained their intervening sequences*”’ and those that have 
lost them completely*’. A possible explanation for the gener- 
ation of such intron-lacking genes involves the reverse tran- 
scription of a processed mRNA to form cDNA, and the 
introduction of this cDNA copy into the genome either by 
recombinant heteroduplex formation’, insertion into a stag- 
gered chromosomal break’, or via a retrovirus intermediate *, 
Here we report the complete sequence of a human B-tubulin 
pseudogene. The sequence data reveal the absence of any 
intervening sequences, and the presence, in the genome, of an 
uninterrupted 17 base-pair (bp) tract of A residues 14 base-pairs 
3‘ to a poly(A) signal (AATA AA)". This sequence organization 
corresponds closely to the sequence organization of the poly(A) 
signal and poly(A) tract in a -tubulin mRNA“. 

Screening of two human recombinant bacteriophage libraries 
with chicken æ- and B-tubulin cDNA probes has resulted in 
the isolation of most of the tubulin-like sequences contained 
in the human genome’, Structural analysis of the B-tubulin 
sequences has revealed genes of varying length, including some 
that are close to, or apparently less than the size required to 
encode a functional mRNA”. The complete sequence of one 
of these genes, determined by the stratagem shown in Fig. 1, 
is given in Fig. 2. There is a striking overall homology between 
the chicken and human sequences within most of the coding 
sequence: 90% of the amino acid sequence is unchanged, while 
82% of the bases are conserved. Among those bases that differ, 
75% are ‘silent’ substitutions that do not affect the amino acid 
sequence. Most of these substitutions are from G or C to A or 
T residues, accounting for the lower (56%) G+C content of 
the human relative to the chicken (62%) gene within the coding 
sequence. The human gene (468) contains no intervening 
sequences. Ít has a 3’ untranslated region which is 44 nucleotides 
shorter than the corresponding chicken sequence, and is largely 
non-homologous. Immediately upstream from the initiator ATG 
in 468, the sequence is markedly A +T rich (63%), in contrast to 
the chicken 5’ untranslated region (21%). 

Two features render the human sequence incapable of yield- 
ing a functional mRNA. First, at amino acid position 230, the 
serine codon TCG appears as a termination codon (TAA); 
second, at amino acid position 270, the third base of the 
phenylalanine codon (TTC) is absent, resulting in a frameshift 
leading to a termination codon (TGA) beginning at the second 
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base of amino acid 299. In addition, an unexpected feature of 
the human sequence is the presence, 14 bp 3’ to the poly(A) 
signal (AATAAA)”>, of an uninterrupted tract of 17 A residues. 
The spacing between the poly(A) signal and the oligo(A) tract 
corresponds very closely to the spacing between the chicken 
cDNA poly(A) signal and its poly(A) sequence. Moreover, the 
human and chicken sequences share a common trinucleotide 
(CTT) and pentanucleotide (TTTGT) in this region. This 
sequence organization strongly suggests that the 468 human 
B-tubulin pseudogene arose by reverse transcription from a 
processed human B-tubulin gene transcript. 

A second remarkable feature of the 468 human pseudogene 
is the existence of a 11-bp sequence 3’ to the poly(A) tract that 
is directly repeated 170 bp 5’ to the initiator ATG (Fig. 2). 
Because the sequence of a human @-tubulin mRNA has not 
been determined, it is not possible to identify the equivalent 
of the cap site in 468. However, the location of the repeat 
sequences is consistent with their generation by repair of a 
Staggered chromosomal break following insertion of the CDNA 
into the chromosome. 

Sequence analysis of a second human G-tubulin gene reveals 
the occurrence of an in-phase termination codon at amino acid 
position 361, and the apparent absence of sequences encom- 
passing the entire 5’ end up to amino acid position 54 (C.E.C., 
C.D.W., T.P.C., M.G.-S.L. and N.J.C., unpublished results). In 
contrast to the data reported here, however, this pseudogene 
contains a short intervening sequence with correct consensus 
splice signals, Thus, in common with the globin pseudogenes” '°, 
human -tubulin pseudogenes have arisen with and without 
intervening sequences. This observation, and the existence of 
pseudogenes with or without abutting direct repeat sequences"’, 
Suggests that they were produced by various independent and 
probably unrelated mechanisms. Gene duplication, with a sub- 
sequent loss of selective pressure on one resulting copy, can 
satisfactorily explain the origin of intron-containing 
pseudogenes. These sequences could remain linked to their 
functional counterpart*’~° or be transferred to a new location 
by chromosomal translocation, copy insertion or as part of 
a transposable element. On the other hand, the integration 
of cDNA copies might occur either directly, or via a 
retrovirus intermediate, in either case resulting in the random 
dispersion of intron-lacking pseudogenes throughout the 
genome. 
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Fig. 1 Sequencing strategem for clone 468. The sequencing 
method used was that of Sanger et al.”°. The large Pstl fragment 
was subcloned by digestion of the entire 468 A clone’’ with Psh, 
and ligation of the resulting fragments into pBR322. The appropri- 
ate subclone was identified by the method of Grunstein and 
Hogness?’ using a chicken 8-tubulin cDNA probe” labelled with 
ap by nick-translation”™”, This subclone, or the entire 468 A clone, 
was used as a substrate for digestion with the restriction enzymes 
shown. In each case, the resulting fragments were subcloned into 
the replicative form of M13 mp 8 and/or mp 9. Plaques containing 
DNA to be sequenced were identified on nitrocellulose replicas 
by hybridization with the chicken §-tubulin cDNA probe. 
Sequence analysis revealed two small Psi fragments containing 
the 5’ end of the 468-tubulin gene. These fragments were not 
detected in previous mapping experiments!’ because oftheirsmall 
size and the limitations of blot transfer procedures. | 
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PERC fie «A AAACTTCCTACCUUGEGLTCUCACCTCOCTACTCCAGCATCTAGGGCATATTOCAACCTT 





468 COAGCOTCOTAGCATATGCCTGT AAGTCCCEGCTACTCAAGAAG 


I 
Met Arg Glu Ite Val His Tle 











446 CCAGCOTEGAOCTGCACAGAAAAAAAAATTACTTATTTECTIGCCCCGTACATACCTTGAASTGAGCAAAAAAATTAAATTTTAALS ATG AGG CAA ATC GTG CAC ATC 
Chicken Ta G EC GAGC GGC EGECCOGCTOCAC CG CAGCOCGACGTGACGG HEGCCA C C G GO CECGGCAG C EERE T Cf -8 
19 20 0o. ii l 
Gln Ala Gly Gla Arg Gly Asn Gin Ie Giy Ala Lys Phe Trp Glu Va. lle Ser Asp Glu His Gly Ile Asp Pro Thr Giy Thr Tyr His 
466 CAG OCT GOT CAG COT GOC AAC CAG ATG GOT GCC AAG TTC TOG GAG GTC ATC ACT GAT GAG CAT GCC ATC GAC CCE ACC cag ACC TAC CAC 
Chicken gc C TC Ce SE £ C t G 
Eys fi Ser 
Pi 50 ` 60 
Gly Asp Ser Asp Leu Sin Leu Asp Arg Ile Ser Val Tyr Tyr Ser Üle Ala Thr Asp Gly Lys Tyr Val Pro Arg Ala Tle Leu Val Asp 
468 OOS CAC AGC GAC CTG CAG OTG GAC coc ATG TOC OTG TAC TAC AGT GAA ECC ACT SAT GGC AAA TAT GTT CCT co? GEC ATA CTO GTG GAT 
Chicken GAG AA A E A G AA & cC £ C £ F c 
Asn Asn SEV Asn . 
70 Ba Gi} 
Leu Glu Pro Gly Thr Met Asp Ser Val Arg Ser Gly Pro Phe Gly Gic Tle Phe Arg Pro Asp Asn Fhe Val Phe Gly Gin Ser Gly Ala 
SHF CTA GAG COT GGG ACC ATG CAC TCT OTT coc TCA GeT cot TIT OGC CAC ATC TTT. ACA CCA GAC AAC TTT GTA TTY GOT CAG TCT GGG GCA 
Chicken {r (9 E g G & c z Ç A Qo" & € AEC € 
100 0 120 
Gly Asn Asn Trp Ala Lys Gly His Tyr Thr Glu Gly Ala Glu Leu Val Asp Ser Yal Leu Asp Val Vai Arg Lys Glu Gla Glu Ser Cys 
$68 OCT AAC AAC TOG GCC AAA GGU CAC TAC ACA GAG GGE ccc GAG CTG STT CAT TCT GTO CTG GAT GTG GTA CGG AAG GAG CCA GAG AGC TGF 
Chicken z G G 6 4 F & ¢ i G A TS A E 
Ser 
130 140 130 
Asp Cys Leu Gin Gly Phe Gin Leu Thr His Ser Leu Gly Gly Gly Thr Gly Ser Gly Met Gly Thr Leu Len Ile Ser Lys Ile Arg Gla 
x 4 466 GAL TOC CTG CAG GOC TTC CAG CTC Ace CAC TCA CTO GGT GGG CGC ACA COC TCT GGA ATG OCC ACT CTC cyt ATC AGC AAG ATC CGA GAA 
Fig. 2 Sequence of the Chicken To G c e E G g c E c G 
human -tubulin pseudo- 1a oe np 
+ s ? k 
gene contained in clone Giu Tyr Pro Asp Arg Ile Met Asn Thr Phe Ser Val Val Pro Ser Pro Lys Val Ser Asp Thr Val Ile Glu Ser Tyr Asn Ala Thr Leu 
468 The chicken B- 468 GAA TAD CCT GAT COC ATC ATG AAT ACC TTC ACT CTC STG CCT TCA COC AAA CTG TCT GAC AGC OTG ATE GAG Tec TAC AAT GCT ACC CTG 
eee i Chicken G c ¢ C ë C CA E < ü i & GS € c ij 
tubulin cDNA sequence Met | Vat Pro 
is shown for comparison. | 
; logi ith th 190 200 210 — = 
Homo ogies wit e Ser Yal His Gln Leu Val Glu Asn Thr Asp Giu Thr Tyr Cys tle Asp Asn Glu Ala Leu Tyr Asp lie Cys Phe Arg Thr Leu Arg Val 
chicken cDN A sequence ba TCO OTC CAT CAG TTG CTA GAG AAC ACT GAT GAG ACG PAT TCC ATT GAC AAG GAG GCC CTC TAT GAT ATC TOC TTC CGE ACT CTG AGG GTG 
. 2 : Chicken T g £ Č G G ç C c 6 c ¢ č A CC 
were identified using the l ere 
computer program of 220 230 240 
Stad 25 A t rmination The Thr Pro Thr Tyr Gly Asp Thr Asn Leu Leu Val Op Asp Thr Met Glu Cys Yal Thr Thr Cys Leu Arg Phe Pro Gly Gin Leu Asn 
en’. A I : 462 ACE ACA CCC ACC TAT GGG GAT ACC AAC CTC CTC GTG (TAA GAC ACU ATG GAG TOT GTE ACC ACC TGG CTC CGC TTC CCT GOC CAG CTC AAT 
codon appears at amino Chicken T c £ CGT A re cG C AGC GL G T € G 
= “gt Leu His Ser Ala Ser Ot 
acid position 230 (boxed). | " P p m 
In addition, a frameshift Ala Asp Leu Arg Lys Leu Ala Val Asn Met Val Pro Phe Pro Arg Leu His Phe Phe Met Pro Ala Phe Ala Pro Leu Thr Ser His Gly 
siti E? 4 466 CCT GAC CTC CGO AAG TTG GCA GTT AAC ATG gre CEC TTC COA CGT CTC CAT TTC THC ATG CCT GOT TT* GEC CCT CTC ACC AGC CAT GGA 
resulting from a singl © Chicken C & g G È & T C & g E 6 Gof & G G Ec E 
base deletion at amino Gly Arg 
acid position 270 has pro- 280 290 300 
f a S : Ser Gin Gin Tyr Gin Glu Leu Thr Val Pro Giu beu Thr Gin Gio Yal Phe Asp Ala Lys Ser Met Met Ala Ala Cys Val Pro Gly His 
duced an in-phase termi 468 ser eae cat TAT CAA GAG CTC ACA GTG CCG GAC CTC ACC GAG CAG GTC TTC GAT CCC AAG AGC ATG ATE GCT GCC TCT GTC CCC GEC cac 
nation codon (boxed). Chicken C8 a g t aoe R © AG Ga A c C A E 
, a 15 Arg Ala Mer Ser \sn As Arg 
The poly(A) signals ~ and in oT m ü 
1 K rd a 
3 oligo(A) tracts are Gly arg Tyr Leu Thr Val Ala Ala Glu Phe Arg Gly Arg Met Ser Mer Lys Gly Val Asp Glu Gin Met Phe Asn Val Gin Asn Lys Asn 
underlined A flanking i1 468 COC COA TAC CTC ACC OTG GOT GOT GAC TYC CGT CGT CGG ATG TCC ATO AAG GAG CTC GAT GAG CAG ATG TIT AAC GTG CAG AAC AAG AAC 
Or Chicken E G G C AT A © E C3 g eG 
base-pair direct repeat 1s tle Leu 
overlined. *, Deleted 340 350 360 
base Ser Ser Tyr Phe Val Glu Trp Ile Pro Asn Asn Val Lys Thr Ala Val Sys Asp [ie Pro Pro Arg Gly Leu Lys Met Ala Val Thr Phe 
i 468 ACE AGC TAC TTT GIG GAA TGG ATC CCC AAC AAT ATC BAG ACA CCT GTC TOT GAC ATC COA COT CGT GGC CTC AAG ATG GCA GTC acc TTC 
Chicken g CGG G 6 € cE Tce c 
Ser Ala 
370 380 390 
Ile Cly Ser Ser Thr Ala Lle Gin Glu Leu Phe Lys His lie Ser Gin üla Phe Thy Ala Met Phe Arg Arg Lys Ala Phe Leu His Trp 
468 ATC CGC ACT AGC ACG GCG ATC CAG GAG CTC TTC AAG CAC ATC TCG GAG CAG TTC ACT GCC ATG Tre Coe CEG AAG GEC TTC CTC CAC TOC 
Chicken AC AGU & TE TË 
ASH Arg 
an $10 “2k 
Tyr The Gly Glu Gly Met Asp Glu Mee Glu Phe Thr Glu Ala Giu Ser asm Mer Asn Asp Leu Vat Ser Glu Tyr Gin Gin Tyr Gla Asp 
&b6 TAC ACA GOC GAG GGE ATG GAC GAG ATG GAG TTC ace GAG SCT GAC AGC AAC ATG AAC GAC CTO CTC ICT GAG TAT CAG CAG TAC CAG GAT 
Chicken È T , ao & 4 C A 
430 Ath 
Ala Thr Ala Gtu Glu Glu Glu Asp Leu Gly Glu Clu Ala Lys Giu Glu Ala Op 
bbs COC AGC GCA GAA GAG GAG GAG GAT TT GGT GAG GAG SCO AAA RRA GAC SAG GCE TAA AG ACACCCOCCAATCAACCTCCAGGCTTCTCACT TCOCTTAGC 
Chicken y TE £ HIO A T AA A GAGGGAG F Ak T CAAATOOCTAGG CTCAAGTGTACTCTGACCAGCEA T 
Asp Gln Gin Giv Clu Phe Glu Gly Cla Glu Asp 
46a COTCTTCACTCAACTGCCOG TT TCC TCTOCOTCAGAAT TTOTOTR TCS POCCTCTATCTIGCVTE ATTIC LITE TTETICTOCRCACCOTC TAGAACATOCCETCGCACAT AG TAGG CACTC 
Chicken GY A TGAGAGGAGAAT TO G AGT GPGCTGA RCA T GT AAT TEG cc C Cane OC T Svea CACTTY ©  TCCTCGA POTE OATETAACA TYGOCA 
462 AATAAATACTTOTT TCT LUGAAAAAAAAAAAAAAAAACER TAGE T OTC ARGATCUL PPCARCOPGRGCACCTCAAERGCTCCAG 
Chicken Serea ac C ctete  TOCTT CTICT AA CA AAAG CT TTTG TT TAAAAAAAAAAAAMMAANN) 
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‘The illusory quest for primary colours 


J. D. Mollon 


THERE is nothing like colour vision for 
sorting out the men from the boys. Over the 
past. three centuries the field has attracted 
the strongest minds — Newton, Thomas 
Young, Helmholtz, Maxwell — and itis an 
instructive exercise for the modern student 
to recapitulate the successive insights of 
these giants. Equally, however, colour 
vision has always attracted more than its 
share of heretics and amateurs, perhaps 
because colour is so immediate a part of 
everyone’s private experience. In his new 
book P.D. Sherman traces the sequence of 
development of the trichromatic theory — 
and describes too the diversionary actions 
fought by heretics along the way. Finally, 
however, his own conceptual development 
does not keep up and, somewhere around 
the middle of the nineteenth century, he is 
himself left behind. 

The sub-title is a better guide to the 
book’s contents than is the title: the text is 


almost exclusively confined to trichromatic 
aspects of colour vision and it covers the 


period 1700-1 860. There is a quite detailed 
account of the physical trichromatists of 
the eighteenth century, whereas there is 


nothing about the developments of the last 


four decades of the nineteenth century, 
such as Helmholtz’s line-element, Hering’s 
opponent-process theory and Kénig’s 
derivation of fundamental sensitivities that 
are very close to those of the 
photoreceptors. 

After discussing the historical position 
of Thomas Young, Dr Sherman devotes a 
chapter to one of the most influential 
heretics in the history of colours, David 
Brewster, who maintained as late as 1850 
that there were only three physical forms of 
light. Dr Sherman describes the 
experiments that led Brewster to this 
position and explains how they were finally 
answered by Helmholtz. He gives a further 


Colour mixing results obtained by Clerk 
Maxwell for his wife, Katherine. In both 
diagrams, the numbers 20 to 80 represent 
arbitrary scale readings on Maxwell’s 
apparatus but correspond to various 
wavelengths, running from red to blue. By 
applying a centre-of-gravity rule to the 
chromaticity diagram on the left, one can find 
what monochromatic light or spectral mixture 
will match the colour of a given mixture of 
three standard wavelengths (say, those 
wavelengths numbered 24, 44, 68). The 
‘spectral mixture curves’ (R,G,B) on the right 
Show directly the intensities of the three 


: _ wavelength in the spectrum. 





- Standard colours required to match any given 


Colour Vision in the Nineteenth Century: 
The Young-Helmholtz~Maxwell Theory. 
By Paul D. Sherman. Pp.233. ISBN 
0-85274-376-9. (Adam Hilger/Heyden: 
1981.) £35, $77. 


chapter to one of the neglected heroes of 
colour science, Grassmann, who 
introduced the vector representation of 
colours. Other chapters are devoted to 
colour blindness and to geometrical 
representations of colour, the latter 
illustrated by several colour plates. This 
period of colour science is covered in 
greater detail than in any existing text and 
useful reference lists are provided. 

= The final two chapters are essentially 
précis of the great papers on colour vision 
written by Clerk Maxwell in the period 
1855-1860. On the whole the account is 
admirably accurate and clear (though the 
student would do as well to read the 
masterly originals), but when Dr Sherman 
strays from the path. of strict summary he 
stumbles, and at two crucial points shows 
that he does not really understand colour 
vision. The first difficulty centres on the 
concept of an imaginary primary, a light 





_ that has the property of stimulating only a 


single class of photoreceptors. Since the 
three classes of receptor have broad and 
overlapping spectral sensitivities, there do 
not exist real lights with this property, yet 
Dr Sherman sometimes suggests that the 
long-wave fundamental corresponds to an 
actual wavelength, and he regrets aloud 
that Maxwell did not measure it. More 
seriously, he goes on to confuse Maxwell’s 
spectral mixture curves with the actual 
spectral sensitivities of the receptors. The 
curves shown by Maxwell represent the 
proportion of each of his three “standard” 
wavelengths required to match any other 
spectral light, but Dr Sherman writes: 





spectrum’’, 


“Each curve, being an individual 
physiological response, shows how each 
primary stimulates a perceived sensation at 
each point of the spectrum’’. In fact, 
Maxwell’s curves are very different from 
the spectral sensitivities of the 
photoreceptors; but here Dr Sherman 
leaves us just as the problem is getting 
interesting. 

But was Maxwell himself clear on these 
two related issues? Certainly on the first 
question he seems twice to have changed 
his mind. In his first paper on colour (1855) 
he writes, unambiguously: 


Though the homogeneous rays of the prismatic 
spectrum are absolutely pure in themselves, yet 
they donot give rise to the “pure sensations” of 
which we are speaking. Every ray of the 
spectrum gives rise to all three sensations, 
though in different proportions... 


And in his last paper (1871) he writes: “*. . . 
the true primary red is not exactly 
represented in colour by any part of the 
In 1860, however, Maxwell 
tabulated the wavelengths of three 

“primary colours”, adding ‘*I have strong 


reason to believe that these are the three. Boe 


primary colours corresponding to. three 
modes of sensation in the organ of vision i 
©“ (Phil. Trans. R. Soc., Vol, 150). On | 


the interpretation of spectral mixture. 


curves, his words are more guarded than. 
those of Dr Sherman. 

So was Maxwell confused? This is a nice 
historical question, but I think the answer 
is probably no, for the following reasons. 
First, he was working with a version of the 
trichromatic theory which differs from the 
modern one: he postulated three primary 
sensations each corresponding to the 
activity of an independent class of 
receptor. We now know that the 
psychophysical transformation is more 


a a ener ARAA ah Headin mre haaa aain hiere Fa AAR RRM htn RA AAA hthnAR Anaa rr aes pS aa 
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complicated: for example, the red- 
sensitive” cones are maximally sensitive in 
the yellow-green and what is maximal at 
longer wavelengths is the ratio of 
absorptions in the long- and middie- 
wavelength cones. Second, given his theory 
and his actual results, Maxwell had 
empirical reasons for supposing that there 
existed three real wavelengths each of 
which produced a nearly pure sensation; 
for his results, when plotted in his 
chromaticity space, suggested that the 
spectrum locus consisted simply of two 
straight lines that intersected in the green 
and thus he was led by his data to suppose 
that a light placed at any apex of the 
resulting triangle would come close to 
stimulating only one sensation. 

Maxwell’s treatment of colour deserves a 
more careful assessment than is possible 
here; but much of the problem has escaped 
Dr Sherman. The one single error that most 
held back the development of the 
trichromatic theory was the belief — still to 
be heard today — that the peak sensitivities 
of the photoreceptors must correspond to 
‘‘primaries’’, either phenomenologically 
pure ‘primary hues” or those primaries in 
a colour-matching experiment that, by 
direct mixing, allow the matching of the 
largest gamut of other colours. Only after 


Maxwell was it realized that the latter — 


primaries should be lights that produce the 
highest ratio of absorptions in different 
classes of receptor. Dr Sherman’s useful 
book would have been so much the more 
valuable if it had identified the essential 
ambiguity of the term ‘‘primary colour” in 
the literature of the mid-nineteenth 
century. More generally, his readers would 
have gained if he had much more clearly set 
out, in an early chapter, the modern 
distinction between a chromaticity space 
(representing ,physical mixtures that 
produce matches) and spaces in which 
colours are so placed as to be uniformly 
spaced phenomenologically. The mapping 
of one to the other is now known to be very 
complex. 

The historian of science has a peculiarly 
difficult trade: he must be master of his 
period and of at least four languages, and 
he must be also master of the science. If he 
is to show us the limits of his subjects’ 
thoughts, he must have a conceptual 
advantage over them and must share this 
advantage with his reader. He must be 
Whig without being presentist: the two are 
not the same. g 





John Mollon is a Lecturer in Experimental 
Psychology at the University of Cambridge. 


François Jacob on possible worlds 


P.B. Medawar 


Á 
The Possible and the Actual. By François 
Jatob. Pp.70. Hbk ISBN 0-295-95888-X; 
pbk ISBN 0-394-70671-4. (University of 
Washington Press/Pantheon: 1982.) Hbk 
$8.95; pbk $3.95. 


a SAN EAS ARNE eee eee ere 
THE antithesis embodied in the title of 
Jacob’s short, brilliant and beautifully 
written little essay can be taken in two 
ways. In The Nature of the Physical World, 
Sir Arthur Eddington wrote: 


I need scarcely add that the contemplation in 
natural science of a wider domain than the 
actual leads to a far better understanding of the 
actual. 


Animportant fraction of Jacob’s essay is 
indeed an exercise of just this kind. It is an 
exercise more easily possible in the 
biological than in the physical sciences 
because in the latter, as Jacob remarks ina 
Kantian aside, the right-seemingness and 
naturalness of the natural world may to 
some extent reflect ‘‘the very way our 
brains work”. In biology, however, it is not 
a tremendous feat to imagine things 
otherwise than they really are. Why sex, for 
example? — and why two sexes and not 
three? The causal-explanatory answer is 
not easy but the teleological answer that 
sexuality is ‘‘a diversity-generating device’ 
is satisfying and makes sense of what would 
otherwise be a puzzle. 

The second sense in which we may read 


Jacob’s antithesis is that in which all 
scientific enquiry is a duologue between the 
possible and the actual, between what 
might be true and what is in fact the case. 

This conception, in which I myself am a 
firm believer, is sufficiently permissive to 
make room for myth as an important 
element in man’s attempt to explain his 
condition, for ‘‘whether mythic or 
scientific, the view of the world that man 
builds is always largely a product of his 
imagination”. Reflection on this theme 
allows Jacob to divagate interestingly and 
amusingly on myths that bear upon 
sexuality. But of course myths, however 
effectively they may appease curiosity or 
dispel the disquiet of ignorance, always fail 
that difficult exam in which our imaginings 
are measured up against reality. Yet even in 
the most ‘“‘scientific’’ explanations today 
there is just a faint hint of the explanatory 
glibness of the myth — and it is for this 
reason, I think, that Jacob is a little 
reserved about natural selection: he does 
not believe in the universal explanatory 
value of any one formula. 

Needless to say, no one with any under- 
standing of the intellectual tradition to 
which Jacob belongs and of which he is so 
able a spokesman could entertain even 
momentarily the suspicion that Jacob 
himself is in any serious sense a mystic. 

It is an added merit of this book that 
there is no Message, and that it is altogether 
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too polished and urbane to harangue us at 
any time. It is a very scientific book which 
embodies more neatly than I have seen 
expressed elsewhere the conviction of most 
scientists that 


_., there are many possible worlds; but the 
interesting one is the world that exists and has 
already shown itself to be at work for a long 
time. Science attempts to confront the possible 
with the actual. It is the means devised to build a 
representation of the world that comes ever 
closer to what we call reality. 


SONONDO eona 


Sir Peter Medawar is Head of the Trans- 
plantation Biology Section at the Medical 
Research Council’s Clinical Research Centre, 
Harrow, Middlesex. 


Marine microfossils 
B. M. Funnell 


eee ctf tata eck Oks A E cea 
Microfossiis from Recent and Fossil Shelf 
Seas. Edited by J. W. Neale and M. D. 
Brasier. Pp.380 UK ISBN 0-85312-338-1,; 
US ISBN 0-470-27220-1. (Ellis Horwood/ 
Halsted: 1981.) £35, $76.65. 


ea an aR SA EET In renee meer eer 
A PRINCIPAL merit of this book is the 
variety of topics it contains. In 28 chapters 
it covers every geological period from the 
Silurian to the Recent; a geographical 
range embracing Spitsbergen and the 
Barents Sea, East Africa, the equatorial 
Pacific, the western North Atlantic, Israel, 
Iran, Pakistan, North-West Europe and 
the British Isles; and microfossil groups as 
varied as conodonts, algae, acritarchs, 
dinoflagellates, ostracods, benthonic and 
planktonic foraminifers and radiolaria. 
The organizers of the symposium at Hull 
University in July 1980, from which this 
volume derives, were indeed fortunate in 
having such a wide diversity of 
contributions on which to draw. 

Another successful feature of the book is 
the high degree of uniformity of 
contributions, none of which are either too 
long or too ambitious, and only one of 
which is reduced to extended abstract 
dimensions. i 

The volume as a whole is arranged in 
stratigraphical order. Approximately 15% 
is devoted to the Palaeozoic, 35% to the 
Mesozoic, 20% to the Tertiary, and 30% to 
the Quaternary and Recent. Most articles 
apply themselves to stratigraphical or 
palaeoenvironmental interpretation. No 
fundamentally new approaches are 
introduced, and the methodologies used 
are essentially those developed in the 1960s 
and early 1970s. A particularly 
disappointing aspect is the poor 
understanding of physical and chemical 
oceanography exhibited by some authors. 
A few contributions begin to break 
through this deficiency, for example that 
dealing with anoxic events in the late 
Cretaceous and the salutary study of 
microfossil transport in a modern estuary; 


RTE 
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but others, on equatorial Pacific 
palaecotemperatures and possibly 
Palaeozoic shelf bathymetries, for 
instance, tend simply to produce an 
“‘acceptable’’ interpretation that is 
derivative, and can scarcely be sustained on 
the microfossil evidence presented. 

In spite of these shortcomings the book 
provides a good review of current research 
in marine micropalaeontology as practised 
by members of the British Micropalaeontol- 
ogical Society and their international 
associates. The inclusion of chapters on the 
Permian of Iran, the Eocene of Israel and 
the Recent of East Africa goes a long way 





towards redressing what would otherwise 
be a strong emphasis on temperate zone, 
North Atlantic and North European 
occurrences. 

This collection of papers should serve a 
useful purpose in stimulating renewed 
interest in this currently most useful, but 
sometimes neglected branch of the earth 
and biological sciences. It can certainly be 
recommended for reading by both 
advanced undergraduates and specialis 


$ 


research workers in the field. n 





B. M. Funnell is Professor of Environmenial 
Sciences at the University of East Anglia. 


Muscle laid bare to the bone 


R.M. Simmons 


The Structural Basis of Muscular Con- 
fraction. By John Squire. Pp.716. ISBN 
0-306-40582-2. (Plenum: 1981.) £34.65, $55. 


THE publication of an advanced, or even 
intermediate, text on muscle is a rare event, 
an obvious disincentive being that the field 
is now too big and in many areas too 
technical to be encompassed satisfactorily 
in a single book or by a single author. The 
most one can hope for is an expert treat- 





“the structure of muscle has depended 


-heavily on the use of X-ray diffraction and 


on optical diffraction from electron 
micrographs. The author recognizes the 
difficulty that diffraction theory presents 
to;non-experts and includes in the 
introductory material a lucid non- 
mathematical treatment together with 
examples of common structures found in 
proteins and polypeptides. There is also a 
useful description of the methods used in 
electron microscopy. Thereafter it is a 
straight slog through the static structure of 
muscle, the various isolated and assembled 
preparations from individual molecules 
through paracrystals, thick and thin 
filaments, to superlattices, all 300 pages of 
it. Such an account could easily have ended 
up as no more than a useful compendium 
of techniques and results for the expert, but 
Squire succeeds on the whole in pursuing 
what is relevant to understanding structure 
and function in real muscles. Some readers 
may find that the author’s enthusiasm for 
research on thick filament assembly 
exceeds their own, and that in the same area 
he is a little over-protective towards his 
own models; there is more than a hint of 
special pleading for smooth muscle myosin 
ribbons and the boot goes in a bit heavily 
into the opposition on vertebrate muscle 
filaments. 

The general outlines of most of the static 
structures emerge with some clarity. Butno 
question is settled until it is settled right, 
and that does not come easily in muscle 





research. In spite of years of patient grind 
we still do not know the precise 
arrangement of the cross-bridges on the 
outside of the thick filament in relaxed 
muscle, let-alone the packing of the tail 
portions in the backbone. Doubts have 
been raised about the steric blocking 
mechanism of tropomyosin on the thin 
filament in the regulation of contraction. 
There are still arguments about the 
interpretation of the clearest static picture 
of the intact lattice — insect fibrillar muscle 
in rigor. The author gives grounds for 
believing that many of the static structural 
problems will be solved and indeed there is 
some confirmation for this view from 
results too recent to have been included in 
the book, such as new reconstructions of 
decorated actin filaments and improved 
staining methods for cross-bridges in 
isolated thick filaments. 

When it comes to solving the main 
problem in muscular contraction, of what 
are the dynamic structural changes 
underlying force generation and work 
production, and of how these are related to 
biochemical events, the grounds for 
optimism are fewer (and indeed there are 
fewer pages on it in the book). The author’s 
profession of faith as a molecular 
biophysicist is that the more one knows 
about a structure, the more one grows 
capable of saying how it works. But itis not 
at all clear that a detailed knowledge of 
static structure of the filaments or even of 
the arrangement of cross-bridges in the 
relaxed and rigor states is of much help in 
understanding dynamic changes. Con- 
tracting muscle displays a high degree of 
disorder and although improvements in 
techniques such as time-resolved X-ray 
diffraction have led to some suggestions 
about cross-bridge action, there is not 
much structural information to go on. One 
has to conclude that a satisfactory solution 
lies some way ahead and that new 
techniques will be needed to find it. B 
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GENETICS AND 
PROBABILITY IN 
ANIMAL 
BREEDING 
EXPERIMENTS 


EARL L. GREEN 


Director Emeritus of The Jackson 
Laboratory, Bar Harbor, Maine. 
Editor, Biology of the Laboratory 
Mouse, Second Edition. 


Contents 

Probability and Statistics; Segregation of 
Alleles; Assortment of Non-Alleles: 
Linkage, Recombination and Mapping; 
Mating Systems; Appendix 1 ~ Mean and 
Variance of a Binomial Distribution; 
Appendix 2 — Estimation of a Parameter 
by the Method of Maximum Likelihood: 
Appendix 3 — Extensions of the Method 
of Maximum Likelihood; Appendix 4 — 
Comparative Efficiency of Matings for 
Detecting and Measuring Linkage: 
Appendix 5 ~ the Fibonacci Sequence: 





_ Appendix 6 ~ Systems of Mating: 


Appendix 7 — Numbers of Mating and 
Numbers of Mice per Mating: Appendix 8 
~ Nomenclature; Appendix 9 — Record 
Keeping; Appendix 10 ~ Mouseroom 
Layout and Procedures; Glossary of Signs; 
Literature Cited; index. 


This book is a primer and reference on 
probability, segregation, assortment, 
linkage and mating systems for 
biomedical scientists who breed and 
use genetically defined laboratory 
animais for research. 


it is organised so as to be useful to 
‘novices’ and ‘experts’ alike. The i 
former wili find an orderly qF 
development of the probability aspects 

of transmission testa, segregation. 
analysis, allelism tests, independence - 






tests, linkage analysis and mapping. | 
They will see how to design genetic 
experiments to yield data which can 
be analysed and they. will aiso find a 
clear exposition of the theoretical 
consequences of various breeding 
systems which will enable them to 
make rational choices as to the kinds 
of animals to use in their own 
research. 


Experts will find that the most 
frequentiy used formulae needed for 
estimating various genetic parameters 
and their random sampling variances 
are assembled in tables or are clearly 
set forth in the text and that the 
extensive table of contents and 
detailed index will enabie them to find 
the necessary formulae quickly. 


LEVEL: Professional, graduate, 
undergraduate reference. 


1981: £20.00; 256pp; ISBN 0 333 
27243 9 


RELATED TITLES 


FESTING: Inbred Strains in Blomedicai 
Research. £25.00 1979 
FESTING: Animal Models of Obesity. 
£17.50 1979 
SPARROW: immunodeficient Animals 
for Cancer Research. £20.00 1980 


Send your orders, requests for further 
information etc. to: Frances Roach, 
Scientific and Medical Division, Macmillan 
Press, Houndmills, Basingstoke, 
Hampshire, RG21 2XS, U.K. 
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ISBN 0-306-40768-X. (Plenum: 1981.) $29.50. 

MORGAN, R.P. and ICERMAN, L.J. et af. Renewable Resource Utilization for 
Development. Pp.394. ISBN 0-08-026338-0. (Pergamon: 1981.) £19.75, $39.50. 

OLIVER, J.F. (ed.). Adhesion in Cellulosic and Wood-Based Composites. 
NATO Conference Series VI: Materials Science, Vol.4. Proceedings of a Conference 
held May 1980 at Queen’s University, Kingston, Ontario, Canada. Pp.261. ISBN 
0-306-40812-0., (Plenum: 1981.) $35. 

PIERCE, J.R. Signals: The Telephone and Beyond. Pp.181. Hbk ISBN 
0-7167-1311-X; pbk ISBN 0-7167-1336-5. (W.H. Freeman: 1982.) Hbk £11.80; pbk 
£5.50. 

THOMPSON, J. (ed.). Power Sources 8, Research and Development in Non- 
Mechanical Electrical Power Sources. Proceedings of the 12th International 
Symposium held at Brighton, September 1980, Pp.630. ISBN 0-12-689155-9. 
(Academic: 1982.) £62.40, $128. 
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Computer Science 


‘AGAJANIAN, A.H. Ion Implantation in Microelectronics: A Comprehensive 
Bibliography. Pp.255. ISBN 0-306-65198-X. (IFI1/Plenum: 1981.) $85. 

‘BOYER, R.S. and MOORE, R.J. (eds). The Correctness Problem in Computer 
Science. Pp.280. ISBN 0-12-122920-3. (Academic: 1981.) £14.20, $29.50. 

HOCKNEY, R.W. and JESSHOPE, C.R. Parallel Computers. Architecture, 
Programming and Algorithms. Pp.416. ISBN 0-85274-422-6. (Adam Hilger, Bristol: 
1981.) £22.50. 

HOLDSWORTH, B. Digital Logic Design. Pp.338. Hbk ISBN 0-408-00404-5; 
pbk ISBN 0-408-00566-1. (Butterworths: 1981.) Hbk £17.95; pbk £9.95. 

LEE, J.D. and LEE, T.D. Statistics and Computer Methods in BASIC. Pp.198. 
Hbk ISBN 0-442-30474-9; pbk ISBN 0-442-30475-7. (Van Nostrand Reinhold: 
1982.) Hbk £11.50; pbk £5.50, 

YOVITS, M.C. (ed.). Advances in Computers, Vol.20, Pp.283. ISBN 
0} 12-012120-4, (Academic: 1981.) $32. 


Earth Sciences 


BARAGAR, W. R. A. Geological Survey of Canada. Bulletin 314. Tectonic and 
Regionai Relationships of the Seal Lake and Bruce River Magmatic Provinces. 
Pp.72. Pbk ISBN 0-660-10206-4. (Canadian Government Publishing Centre: 1981.). 
Pbk $10 (Canada) $12 (elsewhere). | a 

BATES, R.L. and JACKSON, J.A. (eds). Glossary of Geology. 2nd Edn. Pp.751. 
ISBN 0-913312-15-0. {American Geological Institute, Virginia: 1980.) $60. 

CHAGNON, S. A. Jr. (ed.). Metromex: A Review and Summary, Meteorological 
Monographs, Vol. 18, No, 40, October 1981. Pp.181. ISBN 0-933876-52-1. 
(American Meteorological Society: 1981.) Np. 

DE MARSILY, G. and MERRIAM, D. F. (eds). Predictive Geology with 
Emphasis on Nuclear-Waste Disposal. Proceedings of Papers Presented at the 26th 
International Geological Congress in Paris, July 1980. Pp.206. ISBN 0-08-026246-5. 
(Pergamon: 1981.) £17.50, $35. 

FRAZIER, J. W. {ed.}). Applied Geography: Selected Perspectives. Pp.333. ISBN 
0-13-040451-9. (Prentice-Hall: 1982.) £16.45. 

GORDEY, S. P. Geological Survey of Canada. Bulletin 318. Stratigraphy, 
Structure and Tectonic Evolution of Southern Pelly Mountains in the Indigo Lake 
Area, Yukon Territory. Pp.44. Pbk ISBN 0-660-10620-5. (Canadian Government 
Publishing Centre, Ottawa: 1981.) Pbk. $5 (Canada) $6 (elsewhere). 

KANASEWICH, E.R. Time Sequence Analysis in Geophysics. 3rd Edn. Pp.480. 
ISBN 0-88864-074-9. (University of Alberta Press/Lea Valley Books, Hastings, E. 
Sussex: 1981.) $30. 

NIO, S.-D., SHUTTENHELM, R. T. E. and VAN WEERING, Tj. C. E. (eds). 
Holocene Marine Sedimentation in the North Sea Basin, Special Publication No. $ of 
the International Association of Sedimentologists. Pp.515. Pbk ISBN 
0-632-00858-X. (Blackwell Scientific: 1981.) Pbk £35. 

SIMMONS, L G. Biogeographical Processes. Processes in Physical Geography, 
Vol. 5. Pp.136. Pbk ISBN 0-04-574016-X. (George Allen & Unwin: 1982.) Pbk 
£4.25. 


Biological Sciences 
ALLEN, J. A. and SANDERS, H. L. Studies on the Deep Sea Protobranchia: The 


‘Subfamily Spinulinae (Family Nuculanidae). Bulletin of the Museum of 


Comparative Zoology, Vol. 180. No. 1, 12 January 1982. Pp.30. Pbk ISSN 
0627-4100. (Harvard University: 1982.) Pbk $4. 

ANDREWS, M.A. The Flight of the Condor. A Wildlife Exploration of the 
Andes. Pp.158. ISBN 0-00-219545-3. (Collins: 1982.) £12.95. 

ARMS, K. and CAMP, P.S. Biology. 2nd Edn. Pp.942. ISBN 0-03-059961-X. 
(CBS College Publishing: 1982.) Np. 

BAKER, R. R. Human Navigation and The Sixth Sense. Pp.138. ISBN 
0-671-44390-9. (Simon & Schuster, New York: 1982.} $14.50. 

BALL, I. R. and REYNOLDSON, T. B. British Planarians. Platyhelminthes: 
Tricladida. Keys and Notes for the Identification of the Species: Synopses of the 
British Fauna, 19. Pp.i41. Hbk ISBN 0-521-23875-7; pbk ISBN 0-521-28272-1. 
(Cambridge University Press: 1982.) Hbk £16; pbk £6.95, 

BARTH, R.H. and BROSHEARS, R.E. The Invertebrate World. Pp.646. ISBN 
0-03-013276-2. (CBS Educational and Professional Publishing: 1982.) Np. 

BEECHER, G.R. (ed.). Beltsville Symposia in Agricultural Research. 4, Human 
Nutrition Research. Papers presented at a Symposium held May 1979 at the Beltsville 
Agricultural Research Centre (BARC) Beltsville, Maryland. Pp.303. ISBN 
0-916672-48-4, (Granada Publishing: 1982.) £20. 

BEEKMAN, E.M. (ed. and translator), The Poison Tree. Selected Writings of 
Rumphius on the Natural History of the Indies. Pp.260. ISBN 0-87023-329-7, (The 
University of Massachusetts Press: 1981.) $20. 

BELL, W. J. The Laboratory Cockroach. Experiments in Cockroach Anatomy, 
Physiology and Behaviour. Pp.161. Pbk ISBN 0-412-23990-6. (Chapman & Hall: 
1981.) Pbk £6.95. 

BELLAIRS, R., CURTIS, A. and DUNN, G. (eds). Cell Behaviour. A tribute to 
Michael Abercrombie. Pp.615. ISBN 0-521-24107-3. (Cambridge University Press: 


1982.) £45. 


BOGART, J, P. Chromosome Studies in Smminthillus from Cuba and 

ihe rodactylus from Cuba and Puerto Rico (Anura: Leptodactylidae). Life 
tributions, Royal Ontario Museum, No. 129. Pp.22. Pbk ISBN 

oyal Ontario Museum, Toronto: 1981.) Pbk $2. 

R. The Institute of Biology’s Studies in Biology, No.134. Molluscs and 

Man- ‘Pp.59, Pbk ISBN 0-7131-2824-0. (Edward Arnold, London: 1981.) Pbk £2.25. 
BRIDGES, J-W. and CHASSEAUD, L.F., (eds). Progress in Drug Metabolism, 

Vol.6. Pp.321. ISBN 0-471-28023-2. (Wiley: 1981.) £24.75, $59. 











89 


BROUGHTON, W. J. (ed.). Nitrogen Fixation. Vol. 1, Ecology. Pp.306. ISBN 
0-19-854540-!. (Oxford University Press: 1982.) £22. 
BURGESS, R. L. and SHARPE, D. M. (eds). Forest Island Dynamics in Ma 


Dominated Landscapes. Ecological Studies. Anaylsis and: Synthesis, Vol. 4 BES 


Pp.310. ISBN 3-540-90584-7. (Springer-Verlag: 1981.) DM73,. $34. TnT A 
BURTON, J. The Oxford Book of Insects, Pocket Edn. Pp20. Pbk ISBN 
0-19-217725-7. (Oxford University Press: 1982.) Pbk £2.50. 


CERVOS-NAVARRO, J. and FRITSCCHKA, E. (eds). Cerebral Microcircula- 


tion and Metabolism. Pp.500. ISBN 0-89004-590-9. (Raven: 1981.) $55. 
COOMBS, J. and HALL, D. ©. (eds). Techniques in Bioproductivity and 


Photosynthesis. Pp.171. Flexi ISBN 0-08-027383-1, (Pergamon: 1981.) Hbk np; flexi: ee 


£7.50, $16. 

COOPERSTEIN, S.J. and WATKINS, D. (eds). The Islets of Langerhans: 
Biochemistry, Physiology, and Pathology. Pp.497. ISBN 0-12-187820-1. 
(Academic; 1981.) $53. 


CREASEY, W. A. Cancer: An Introduction. Pp.271. Hbk ISBN 0-19-502951-8; : oS 


pbk ISBN 0-19-502952-6. (Oxford University Press: 1982.) Hbk np; pbk £10. 

CSÁNYI, V. General Theory of Evolution. Studia Biologica Hungarica 18. 
Pp.123. Pbk ISBN 963-05-2823-1. (Akadémiaiai Kiadó, Hungarian Academy of 
Sciences, Budapest: 1982.) Pbk $7. 

DAIBER, F.C. Animals of the Tidal Marsh. Pp.422. ISBN 6-442-24854-7. (Van 
Nostrand Reinhold: 1981.) £16.95. 

DAUSSET, J. (ed.). Complexe Majeur d’Histocompatibilité de Homme. 
Pp.414. Pbk ISBN 2-257-10412-9. (Flammarion, Paris: 1981.) Pbk np. 

DENOLIN, H. (ed.). Psychological Problems Before and After Myocardial 
Infarction, Advances in Cardiology, Vol. 29. Meeting, Mas d'Artigny, June 1981. 
Pp.156. ISBN 3-8055-3424-8. (Karger, Basel; 1982.) SwFr.98, DMI17, $58.75. 

DINNO, M.A. and CALLAHAN, A.B. (eds). Membrane Biophysics Structure 
and Function in Epithelia. Progress in Clinical and Biological Research Vol.73 A 
Symposium, Virginia Polytechnic Institute and State University, Blacksburg, May 
1981. Pp.332. ISBN 0-8451-0073-4. (Alan R. Liss, New York: 1981.) £20.50, DM, 

DUKOR, P. et ai. (eds). Cell Mediated Reactions Miscellaneous Topics. PAR < 
Pseudo-allergic Reactions. Involvement of Drugs and Chemicals, Vol. 3. Pp.160. 
ISBN 3-8055-0960-X. (Karger, Basel: 1982.) SwFr.79, DM95, $47.50. 

DUTRILLAUX, B. and COUTURIER, J. La Pratique de l'Analyse 
Chromosomique. Techniques de Laboratoire, 12. Pp.86. Pbk ISBN 2-225-74052-6.. 
(Masson, Paris: 1981.) Pbk np. 

FINK, W. L. and WEITZMAN, S. H. Relationships of the Stomiiform Fishes 
{Teleostei}, with a Description of Diplophos. Bulletin of the Museum of 
Comparative Zoology, Vol. 156. No. 2, 12 January 1982. Pp.62. Pbk ISSN 
0027-4100. (Harvard University: 1982.) Pbk $5.24. 

FUJITA, T., TANAKA, K. and TOKUNAGA, J. SEM Atlas of Celis and 
Tissues. Pp.338. ISBN 0-89640-051-4. (igahu-Shoin, Tokyo, New York: 1981.) $99, 
¥ 17,000. 

GARROD, D.R. and FELDMAN, J.D. (eds). Development in the Nervous 
System. The Sth Symposium of the British Society for Developmental Biology. 
Pp.403. ISBN 6-521-23493-X. (Cambridge University Press: 1982.) £40. 

GORIO, A., MILLESI, H. and MINGRINO, S., (eds), Post-traumatic Peripha! 
Nerve Regeneration: Experimental Basis and Clinical Implications. Pp.658. ISBN 
0-89004-754-5. (Raven: 1981.) $50. 

GOULD, J. L. Ethology: The Mechanisms and Evolution of Behaviour. Pp.544. 
ISBN 0-293-01488-6. (W. W. Norton: 1982.) $18.95. 
GRESSER, I. (chief ed.) Interferon 1981, 

0-12-302252-5. (Academic: 1981.) Pbk £9.20, $19. 

GRESSITT, J. L. (ed.). Biogeography and Ecology of New Guinea, Vols | and 2. 
Monographiae, Vol, 42. Pp.982. ISBN 90-6193-094-4, (W. Junk, The Hague: 1982.) 
(Two vos) Np. 

HABERMEHL, G. G. Venomous Animals and Their Toxins. Based on the 
Translation of the 2nd German Edn. “G. Habermehl, Gift-Tiere und ihre Waffen”. 
Pp.195. Flexi ISBN 3-540-10780-0. (Springer-Verlag: 1981.) DM34, $15.90, 

HARRIS, J. R. (ed.). Electron Microscopy of Proteins, Vol, 1. Pp.350. ISBN 
0-12-327601-2. (Academic: 1981.) £35, $72. 

IOACHIM, H. L. (ed.). Pathobiology Annual, Vol. 11, 1981. Pp.432. ISBN 
0-89004-571-2. (Raven: 1981.) $42.50. 

JOHN, P. C. L. (ed.). The Cell Cycle. Society for Experimental Biology Seminar 
Series, 10. Pp.276. Hbk ISBN 0-521-23912-5; pbk ISBN 0-521-28342-6. (Cambridge 
University Press: 1982.) Hbk £20; pbk £8.95. 

JONES, D.G. The Institute of Biology’s Studies in Biology, No. 135. Neurones 
and Synapses. Pp.60. Pbk ISBN 0-7 131-2825-9, (Edward Arnold, London: 1981.) 
Pbk £2.25. 

KUHNEL, W. Pocket Atlas of Cytology and Microscopic Anatomy, 2nd Edn. 
Pp.289, ISBN 0-8151-5208-6/ 3-13-562402-1. (Year Book Medical Publishers/Georg 
Thieme Verlag: 1981.) £12.25. 

KUNKEL, H.G. and DIXON, F.J. (eds). Advances in Immunology, Vol.3}. 
Pp.324, ISBN 0-12-022431-3. (Academic: 1981.) $39.50. 

KUESTAK, E. and KURSTAK, C. (eds). Comparative Diagnosis of Viral 
Diseases. Pp.429. ISBN 0-12-429703-X. (Academic: 1981.) $54. 

LACKIE, J. M. and WILKINSON, P. C., (eds). Biology of the Chemotactic 
Response. Society for Experimental Biology Seminar Series, 12. Pp.177. Hbk ISBN 
0-521-23305-4; pbk ISBN 0-521-29897-0. (Cambridge University Press: 1982.) Hbk 
£20; pok £8.95. 

LANGONE, J.J. and VAN VUNAKIS, H. (eds). Immunochemical! Techniques, 
Part C. Methods in Enzymology, Vol.74. Pp.729. ISBN 0-12-181974-4. (Academic: 
1981.) $58. 

LASKER, R. (ed.) Marine Fish Larvae: Morphology, Ecology, and Relation to 
Fisheries. Pp.131. Pbk ISBN 0-295-95883-9, (University of Washington Press, 
Seattle & London: 1981.) Pbk $8.50. 

LEISINGER, T. et al (eds). Microbial Degradation of Xenobiotics and 
Recakitrant Compounds. FEMS Symposium, No. 12. Pp.416. ISBN 0-12-442923-3, 
(Academic: 1982.) £32, $66. 


Vol.3. Pp.154. Pbk ISBN 
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BN 0-12-447210-9. (Academic:.1981.) $44.50. 

LLOYD, C.W. and REES, D.A. (eds). Cellular Controls in Differentiation. 
Based on the Unilever Jubilee Symposium held in Vlaardingen, Holland, December 
1980. Pp.326. ISBN 0-12-453580-1. (Academic: 1981.) £12.40, $25. 

LOBBAN, C. S, and WYNNE, M. J. (eds). The Biology of Seaweeds, Botanical 
Monographs, Vol.17. Pp.786. ISBN 0-632-00672-2. (Blackwell Scientific: 1981.) £45. 
LOCK, M.A. and WILLIAMS, D.D. (eds). Perspectives in Running Water 
- Ecology. Pp.430. ISBN 0-306-40898-8., (Plenum: 1981.) $49.50. 

-nnn MAOLE, T, L. and HOFF, M. P. Gorilla Behavior. Van Nostrand Reinhold 

“Primate Behavior and Development Series. Pp.290. ISBN 0-442-25152-1. (Van 


"Nostrand Reinhold: 1982.) £27.20, 


MASON, C. F. Biology of Freshwater Pollution. Pp.250. Pbk ISBN 
c 0-582-45596-0, (Longman: 1982.) Pbk £5.50. 

MATTHEWS, R.E.F. Plant Virology. 2nd Edn. Pp.897. ISBN 0-12-480560-4. 
(Academic: 1981.) $59.50. 

oo. MeKAY, R., RAFF, M.C, and REICHARDT, L.F. (eds). Monoclonal 
Antibodies to Neural Antigens. Cold Srping Harbor Reports in the Neurosciences, 


Vol. 2. Pp.282. ISBN 0-87969-138-7. (Cold Spring Harbor Laboratory, New York: 


-1981.)$35 (US) $42 (elsewhere). 

oo -MESULAM, M.-M. (ed.). Tracing Neural Connections with Horseradish 

Peroxidase. Pp.251. Hbk ISBN 0-471-10028-5; pbk ISBN 0-471-10029-3, (Wiley: 
1982.) Hbk £22, $52; pbk £11, $26. 

MILLER, J. The Body in Question. Pp.352. Pbk ISBN 0-333-32978-3. 
_ (Papermac: 1982.) Pbk £5.95. 
_ < MILLER, P.C. (ed.). Resource Use by Chaparral and Matorral: A Comparison of 
_ Vegetation Function in Two Mediterranean Type Ecosystems. Ecological Studies: 
Analysis and Synthesis, Vol. 39. Pp.455. ISBN 3-540-90556. (Springer-Verlag: 
< MULLER, K.J., NICHOLLS, J.G. and STENT, G.S. (eds). Neurobiology of the 
- Leech. Pp.320. ISBN 0-87969-146-8. (Cold Spring Harbor Laboratory, New York: 
- 1981.) $36 (US) $43.20 (elsewhere). 
-0 NAHMIAS, A.J., DOWDLE, W.R. and SCHINAZI, R.E. (eds). The Human 
`. Herpesviruses: An Interdisciplinary Perspective. Proceedings of the International 
Conference, Emory University, Atlanta, Georgia, March 1980. Pp.72!. ISBN 
0-444-00553-6, (Elsevier/North-Holland: 1981.) $89, Dfl. 203. 
~ NICHOLLS, D.G. Bioenergetics. An Introduction to the Chemiosmotic Theory, 
90, Hbk ISBN 0-12-518120-5; pbk ISBN 0-12-518120-5. (Academic: 1982.) Hbk 
40, $27.50; pbk £5.50, $11.50. 
RIAGU, J.0. (ed.). Cadmium in the Environment Part Il: Health Effects. 
».908, ISBN 0-471-06455-6. (Wiley: 1981.) £85, $150. 
PAOLETTI, R. and KRITCHEVSKY, D. (eds). Advances in Lipid Research, 
jl: 18: Pp.320. ISBN 0-12-024918-9. (Academic: 1981.) $36. 
PETERKEN, G.F. Woodland Conservation and Management. Pp.328. ISBN 
}12-12820-9. (Chapman & Hall: 1981.) £25. 
PETO, R. and SCHNEIDERMAN, M. (eds). Quantification of Occupational 
Cancer, Banbury Report 9. Pp.750. ISBN 0-87969-208-1. (Cold Spring Harbor 
Laboratory: 1981.) $89 (US) $106.80 (elsewhere). 
PRASAD, K.N. and VERNADAKIS, A. (eds). Mechanisms of Actions of 
Neurotoxic Substances, Pp.235. ISBN 0-89004-638-7. (Raven: 1982.) $26.50. 
RICHARDS, D. The Topic of Cancer. When the Killing Has to Stop. Pp.147. 
ISBN 0-08-025937-5. (Pergamon: 1982.) £4.95. 
SEN, D.N. and JHA, P.K. (eds). Indian Review of Life Sciences, Vol. 1, 1981, 
Pp.273. (no ISBN). (University of Jodhpur, Jodhpur-342 001, India: 1981 Np. 
_SERET, B. Poissons de Mer de L'Ouest Africain Tropical. Initiations- 
Documentations Techniques, No. 49. Pp.416. Pbk ISBN 2-7099-0600-7. 
RSTOM, Paris: 1981.) Np. 
SKRABANEK, P. and WALSH, A. (eds). Bladder Cancer, A Series of 
_ Workshops on the Biology of Human Cancer, Report No. 13. UICC Technical 
< Report Series, Vol. 60. Pp.192. Pbk ISBN 92-9018-060-9, (International Union 
Against Cancer, Geneva: 1981.) Pbk SwFr. 32, $16. 
oo SKULACHEYV, V.P. and HINKLE, P.C. (eds). Chemiosmotic Proton Circuits in 
Biological Membranes: In Honor of Peter Mitchell. Pp.633. ISBN 9-201-07398-6. 
(Addison-Wesley: 1981.) $29.50. 

SNELL, K. (ed.). Developmental Toxicology. Pp.340. ISBN 0-7099-2306-6. 
{Croom Helm, London: 1981.) £22.50. 

STROM, I. Laboratory Animal Science: A Selected Bibliography. Acta 
Physiologica Scandinavica, Supplement 498. From the Library of Uppsala 
University and Swedish University of Agricultural Sciences. Pp.38. (no ISBN) 
(Uppsala University, Sweden: 1981.) Pbk np. 
os. TIVY, J. Biogeography; A Study of Plants in the Esosphere. 2nd Edn, Pp.459. 

Pbk ISBN 0-582-30009-6. (Longman: 1982.) Pbk £6.95. 
TOWE, A.L. and LUSCHEI, E.S. Handbook of Behavioral Neurobiology. Vol. 5, 








__ Motor Coordination. Pp.640. ISBN 0-306-40613-6. (Plenum: 1981.) $45. 


oo WELTY, LC. The Life of Birds. 3rd Edn. Pp.754. ISBN 0-03-057917-1. (CBS 
Educational and Professional Publishing, New Jersey: 1982.) Np. 
1: WOBESER, G. A. Diseases of Wild Waterfowl. Pp.300. ISBN 0-306-40746 -7. 
Plenum: 1981.) $39.50. | 
oU WOOLSEY, C. N. (ed.). Cortical Sensory Organization. Vol. 1, Multiple Somatic 
"Areas, Pp.245. ISBN 0-89603-030-X. (Humana Press, New Jersey: 1981.) $34.50 
(US) $44.50 (elsewhere). 


Applied Biological Sciences 


BAZAN, N. G., PAOLETTI, R. and IACONO, J. M. (eds). New Trends in 
Nutrition, Lipid Research, and Cardiovascular Diseases. Current Topics in 
“Nutrition and Disease, Vol. 5. Pp.314. ISBN 0-8451-1604-5. (Alan R. Liss, New 
“York: 1981.) £20.50, DM90. 
BELLINA, J. H. (ed.7. Gynecologic Laser Surgery. Based on the Proceedings of 
të International Congress held January 1980 in New Orleans, Louisiana. Pp.480. 
- ISBN 0-306-40741-8. (Plenum: 1981.) $45. 


, CH. (ed.). Hormonal Proteins and Peptides. Vol. X, 8-Endorphin, Pp.359. 
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CUNNINGHAM, D. et af. (eds). Control of Cellular Division and Development. 
Part A, Progress in Clinical and Biological Research, Vol. 66A & 66B. Proceedings 
of the ICN-UCLA Symposium held at Keystone, Colorado, March 1980. Vol. 66A 
pp.636, ISBN 0-8451-0156-0; Vol. 66B pp.458, ISBN 0-8451-0157-9. (Alan R. Liss, 
New York: 1981.) Vol. 66A £48.90, DM125; Vol. 66B £40.70, DM179. 

GOLDMAN, L. (ed.). The Biomedical Laser: Technology and Clinical 
Applications. Pp.342. ISBN 3-540-90571-5. (Springer-Verlag: 1981.) DM98, 
$41.70. 

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER, IARC 
Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to Humans. 
Some Antineoplastic and Immunosuppressive Agents, Vol. 26. [ARC Working 
Group which met in Lyon, October 1980. Pp.294. Flexi ISBN 92-832-1309-2. (WHO: 
1981.) SwFr.41. 

ISRAEL, Y. ef al. (eds). Research Advances in Alcohol and Drug Problems. Vol. 
6, Research Advances in Alcohol and Drug Problems Series. Pp.521. ISBN 
0-306-40672-1. (Plenum: 1981.) $59.50, 

NORRIS, J. R. and RICHMOND, M. H. (eds). Essays in Applied Microbiology, 
Pp.352. ISBN 0-471-27998-6 (Wiley: 1981.) Hbk £19.50, $46; pbk £4.95, $11.95. 
This book is available in separate chapters in sets of five. 

OWEN, C, A. Jr. Wilson's Disease: The Etiology, Clinical Aspects, and 
Treatment of Inherited Copper Toxicosis. Pp.215, ISBN 0-8155-0879-4. (Noyes 
Publications, New Jersey: 1981.) $28. 

ROSE, A. H. (ed.). Microbial Biodeterioration, Economic Microbiology, Vol. 6. 
Pp.516. ISBN 0-12-596556-7. (Academic: 1981.) £38.60, $79.50. 

SMITH, J. E. Biotechnology. The Institute of Biology’s Studies in Biology, 
No.136. Pp.73. Pbk ISBN 0-7131-2835-6. (Edward Arnold, London: 1981.) Pbk 
£2.60. l . 

STONEHOUSE, B. Biological Husbandry. A Scientific Approach to Organic 
Farming. Pp.352, ISBN 0-408-10726-X. (Butterworths: 1981.) £25. 

STOWARD, P. J, and POLAK, J. M. (eds). Histochemistry: The Widening 
Horizons of its Applications in the Biomedical Sciences. Pp.293. ISBN 
0-471-10010-2. (Wiley: 1981.) £25, $60. 

TOURAINE, J. L. et al. (eds). Transplantation and Clinical Immunology. Vol. 
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government must say what it hopes to achieve? 


In June the name of Jean-Loup Chrétien will become a 
household word in the Soviet Union and France. Chrétien will be 
the first Western astronaut to be whooshed into space by a Soviet 
rocket and to ride in a Soyuz spacecraft, visit a Soviet space 
station briefly and, if all goes well, return to Earth. He will join 
othe list of Polish, Czech, East German, even Cuban, cosmonauts 
"whom the Soviet Union has made guests in space, and who have 
been given a first-hand look at the civilian side of that technology 

-about which the Soviet Union is most sensitive and proud: 
manned space flight. At about the same time, in Washington, 
where the Soviet space programme generally draws a big yawn, 

the President will be in the final stages of a critical decision on 
< whether to proceed with a US manned space station to serve the 
United States and Western Europe. 

The Soviet space programme has received little attention in 
Europe or the United States. Yet its objectives and momentum 
will influence East-West relations and the arms race in the 1980s 
and beyond. True, the Western media are delighted to talk up 

‘Star Wars” fantasies, the US shuttle, Ariane or Soviet space 
weapons. But they have overlooked the main substance of the 

< Soviet programme, lucidly outlined in a recent book by NASA 

watcher of the Soviet skies, James E. Oberg*. Since the early 

- 1970s, the Soviet manned space programme, which had been ina 
- shambles after the death of its early architect Sergey Korolev in 
1966, has concentrated on a single goal: Kosmograd. This is the 
code word for ‘‘Space Colony Number 1, made in the Soviet 
Union”. In an assessment shared by many observers of the Soviet 
manned space programme, Oberg describes how the Soviet Union 
is amassing the building blocks of this capability. 

First there was Soyuz, the free-flying craft in which cosmonauts 
journey up and down from space and make (brief?) orbital stays 
for scientific work or military reconnaissance. These flights 
started in 1967 and numbered 40 by May 1981. Then came the 

_Salyut space stations, the first one launched in 1971. These have 

‘been orbiting space homes for repeated and successively longer 
visits by cosmonauts. The world’s record of 185 days was reached 
aboard Salyut 6 in 1980. One of the astronauts who performed the 

“feat had just spent another 175 days in space, and so has had 
nearly a year of weightlessness. Finally came Progress, the 
unmanned robot freighter tanker craft described in Moscow as a 
‘‘reliable cargo barge to ensure year-long operation by orbital 
stations’*. Progress craft bring lonely cosmonauts fuel, food, 
fresh water, medicines, horseradish, newspapers, mail and other 
things. By now there is extensive experience in sending up these 
vehicles, docking the Soyuz and Progress craft with the Salyut, 
moving them from one Salyut port to another to admit a second 
visiting craft and making repairs in space, including emergency 
repairs to the exterior of the craft. 

So engineering experience is accumulating, but Kosmograd 

«also requires mastery of space biology and medicine as well as 
experience with prolonged human confinement. The goal of 
‘Sustaining life in space for a year or more is within sight. Although 

irge green cucumber that the crew on one Sa/yut showed to 
hed mission controllers on television proved to be a joke, 
stice the Soviets have managed to get seeds growing in 
space Space gardens could provide 20 to 40 per cent of the bulk 
food consumed in orbit, but it remains a mystery why space- 
grown plants have not yet grown flowers or seeds. Water aboard 
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Will there be war in space?} 


“The sheer scale of the Soviet space programme is awesome. Has the time come when the Soviet 
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the Salyut is now 50 per cent recycled, and the addition of a urine : 
still could achieve 90 per cent recycling. Banks of Chlorella algae 
have been used to absorb carbon dioxide and give off fresh 
oxygen: 80 per cent recycling has been achieved on this front. But 
things have not always gone well. Cosmonauts set to achieve a 
new endurance record aboard Salyut 4 pleaded early on to come 
home because a green mould was spreading all over the cabin. 
Mission control ignored these pleas until the endurance record 
had been broken (61 days). : 

The objective of all this is a permanent orbiting station. Salyut, 
housing two, will be succeeeded soon by a larger spaceship 
housing twelve. According to Oberg, these craft could even be 





shadowy cousin, the superbooster, apparently failed sı of 
the late 1960s that it prevented a photofinish in the race to 
Moon agains! the United chee 


few seem to ee to enj oy it. eee teams have oft tena arriv 
returned capsule dangling by its parachute lines in a tree ors tin 
in some swamp to find the entire crew dead. There was even ; 
unauthorized space-walk in which the cosmonaut’s life suppo 
cord was unattached and when his life was saved only by the qu 
thinking of his colleague. Yuri Gagarin, whose 108-minut 
in 1961 amazed the world, became a national hero but 
fated to eulogize comrade after comrade at one funeral a 
another. (His own life was thrown away cheaply i in an aircra 
crash.) Even Korolev’s death on an operating table, which c a 
the Soviet space programme its single most important figur 
seems to have been unnecessary. There have also been close 
shaves with death, as when the cosmonauts who missed their 
landing area by 2,000 miles had to spend their first night back on 
Earth in the Siberian snows, hiding in their spacecraft from the. 
wolves that snapped outside. ai 

What is the underlying purpose of all this activity? There are 
obvious civil benefits, in telecommunications for example. And 
by now, both the United States and the Soviet Union take for’. 
granted the stabilizing effects of each other’s use of satellites for = : 
surveillance. Even so, there is growing concern in the United => 
States at what seems to be the huge scale of the military partofthe 
Soviet space programme. Oberg says there are two “‘star cities”, | 
one for cosmonauts and their guests and the other forthe military. _ 
A recent study by Marcia Smith of the Congressional Research __ 
Service concludes that as much as 70 per cent of the Soviet effort 
may be exclusively military, while nobody has yet contradicted the. 
assertion by Richard de Lauer, chief scientist at the Pentagon, — 
that spaceborne Soviet lasers could threaten US spacecraft as 
early as 1983. Technical considerations make the speculation = 
unconvincing; for the time being conventional rocket-driven 
explosives are probably a better bet. But asin other aspects ofthe = = 
relationship between the United States and the Soviet Union, == 
policy may be determined by one state’s perceptions of what the 
other is about. The fact that the Soviet Union successfully . 
launched 98 satellites last year, compared with a mere 18 from the” 
United States, is certain to carry weight with the White House. 

What will be the outcome? Since the United States and th 














*Oberg, J.E. Red Star in Orbit (Harrap, London and Random House, New York}. 5 





p 0028.083672, 1900910250] 00 


© 1982 Macmillan Journa 















































id tk at ‘injunction apply to a space station occupied 
sively by the military? Or to a satellite equipped to knock out 
other people’s satellites but which contained no people, only 
struments? The Soviet Union should come clean about the 
objectives of its massive programme. The terrestrial arms race is 
ncomfortable enough. The prospect of a race to put flesh on the 
ones of science fiction is alarming. Meanwhile, the odds are 
hortening that President Ronald Reagan, due to greet the next 
turn of the shuttle Columbia at Edwards Air Force Base in 
California on 2 July, will not merely proclaim that the shuttle is a 
going concern but that the United States will embark on the next 
logical step, the building of a space station. As Kennedy did 
before him, Reagan may find that the Soviet Union’s activities 
justify an expanded programme in the United States. 


Academic suicide 


The University f London now has a plan for its 
future; but will it survive that long? 
The University of London seems well on the way to making an 
n greater hash of its affairs than seemed likely a few months 
ee Nature 14 January, p.86). For the past year, it has been 
at that the consequences of the British government’s reduction 
po! for universities, the limits imposed by the University 
s Committee on the number of students to be allowed at 
dual universities and the effect on the income of universities 
itening away students from overseas would be especially 
ing for the largest British university and, because of its 
l constitution, administratively the most complicated. But 
one of that can excuse the way in which the university has let time 
through its fingers until last week when, with the deadline 
approaching for deciding how it should finance itself next year, 
the university’s senate was jockeyed into accepting a plan for the 
uture whose analytical foundations are, to say the least of it, 
shaky and whose academic implications are unknown. The only 
virtue in the way in which the university has managed its affairs is 
that this sorry tale may serve as a warning to other academic 
stitutions. 
Vhat has happened in the University of London is a kind of 
pantomime. Two years ago, the then vice-chancellor, seeing the 
y the wind was blowing, set up a Committee on Academic 
Organization under an independent chairman. The plan was to 
_ recommend a strategy for the university as a whole. Halfway 
through this undertaking, however, a new vice-chancellor gave 
_ the committee narrower terms of reference and set up six other 
committees, again with independent chairmen, to suggest how the 
pattern of teaching in different fields of study should be 
reorganized. (One committee went off on the wrong tack, 
preferring terms of reference other than those given to it; 
“mercifully, with a different chairman; a set of recommendations 
has been cobbled together just in time.) Inevitably, these subject 
_ committees have produced proposals for moving the teaching of 
v various subjects from one place to another in the federated 
university which are inevitably in conflict with each other, so yet 
another committee — called the Joint Planning Committee — 
was asked to make sense of them and of the volume of comment 
ind special pleading with which the university was deluged. That 
mittee concludes, in its report, that the recommendations of 
the six subject committees were often based ‘‘on inadequate 
| rmation”’ (ill-informed) or “cannot be justified in the light of 
the facts’? (or in simple language are wrong). Searching, 
nevertheless, for some straw at which to clutch, the committee 
ns to have seized on one of the recurrent themes in the 
‘ecommendations of the subsidiary committees — physics, or 
-elassics, or economics, should be taught at fewer sites. So why not 
simply concentrate the whole of the university, now spread 








h military bases on celestial bodies. i  Themost curious feature of tt iS re 
has been reached with hardly a any discussion in the: university asa 


whole of the academic implications, let alone the implications for | 
those who work in and for the university. And what is now intended ` 
will create further internal contradictions within what is already a 
sufficiently cumbersome academic machine. The university grew 
to its present size like Topsy, by the enthusiastic accretion of 
almost any college, large or small, willing to join the fold. As a 
result, it now consists of an exceedingly inhomogeneous 
collection of establishments, some large and some small, some 
academically excellent, some less so. Two are for practical 
purposes specialized in the scientific fields. One (Birkbeck 
College) specializes in part-time students. One small college is not 
in London at all but in Surrey, while there are agricultural and 
veterinary colleges in Kent and Hertfordshire respectively. The 
tidy administration of such a motley collection of establishments 
is acknowledged to be impossible. Since the late 1960s, the , 
university has chosen to make a virtue out of diversity, letting its 
separate parts run themselves without much reference to the 
centre. Now, by a simple show of hands, that policy has been 
turned on its head. The committee whose recommendations will 
shape the future of the university pays the usual lip-service to 
diversity before recommending that it should be done away with. 

The university’s problem is uniquely difficult — which is all the 
more reason why it should have been dealt with intelligently. 
Given that the pressure on the university’s finances is likely to 
continue more or less indefinitely, a measure of concentration is 
clearly in the long run prudent. Some of the London colleges, 
seeing the way the wind is blowing, are already making mergers 
among themselves. The merger (or disappearance) of the rest will 
now no doubt be forced by the decisions taken centrally by the 
university on the distribution of funds among its several parts in 
the years immediately ahead. In the process, it is inevitable that 
much damage will be done. Many of the shotgun marriages the 
university is now committed to arranging will be marriages of 
incompatibles. Undergraduate teaching will become more 
specialized, and more uniform. The pattern of research will be 
changed in an arbitrary fashion. And the end result will be a 
federation of colleges so much more like each other that the 
advantages of federation will melt away. If the arrangements now 
agreed are pushed through, it cannot be long before the various 
parts of the University of London go their separate ways. Is that 
what is intended? 

The peculiar characteristic of the damage that academics 
repeatedly inflict upon themselves is that it is always done at the 
eleventh hour (and sometimes the thirteenth). In London, an 
acceptable solution may already be beyond reach. But that 
possibility does not mean that it is pointless to look for a better 
solution. A few clarifying assumptions are obvious starting 
points. The Imperial College of Science and Technology, in all 
but name a university in its own right, is rightly acknowledged to 
be too important to be enmeshed in the financial administration 
of the University of London (whence the convention that it deals 
separately with the University Grants committee); it should now 
be invited to go its own way. The London School of Economics, 
smaller but equally distinguished and important, should be given 
some spell of time, say ten years, to grow at the expense of the 
parts of the university now under threat and then also politely 
booted out. The rump would be three kinds of colleges — large or 
largeish place such as University College, smaller colleges 
concerned principally with the education of undergraduates, and + 
a rag-bag of specialist institutions training veterinarians or 
assisting with research in outlandish languages. There is ample 
evidence that each kind of place is valued; what makes their 
administration impossible is that they are all lumped together. So 
why not replace them with three (or even more) different 


universities? When the University of Paris, as now reconstituted, 


consists of thirteen separate institutions, is it necessary that the 
largest city in Britain should be condemned to having only one? 
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- government 
. Poland’s new Higher Education Act, the 
subject of eighteen months’ negotatiations 
and confrontations — including the threat, 
last September, of a nationwide university 
strike — became law last week. The act 
makes several formal concessions to acad- 
emics’ aspirations for self-governance, but at 
the same time reserves to the Minister of 
., Science, Higher Education and Technology 

the last word. on a number of key issues. 
Students, likewise, get a compromise 
_ . deal — they have won the right to express 
_ their views and form associations but will 
not be allowed to stage protest actions 
“since, it was explained during the 
< parliamentary debate on the bill, “they do 
“not belong to the community of 
employees’. 

The new act gives the minister power to 
monitor the resolutions adopted by 
university self-governance bodies and 
cis ions taken by. university rectors, and 
: m should he decide they are 
Rectors of 













the. law. 

Ysities and 4 gher colleges will 

ected by. the bodies themselves, the 

electors being either the university senate 

of a special collegium. The minister, 

however, retains the right of veto over 
elections — providing that he registers his 
objection within fourteen days. 

On these and other questions, there is to 
be a Main Council for Science and Higher 
Education to hold the ring, and whose role 

has been negotiated between the ministry 
: and the Social Drafting Commission — a 
body representing academics, students, 
' scholars, the trade unions and the Church, 
+ which at one stage proposed its own draft 
= bill. The council is in effect a revival under 
anew name of a moribund body meant to 
act as an intermediary between academics 
and the ministry. 

The new act gives the sauna the status 

of the supreme elective organ of the 
academic community, with powers to 
decide on the direction of research and the 
organization of studies. 

The Social Drafting Commission, how- 
ever, had sought even wider powers for the 
Main Council. In the event, as Professor 
Zbigniew Resich, the head of the 

commission, said last week, ‘ʻa whole series 
“of important powers’’ had passed into the 
minister’ s hands. 

| ther major issue has been the 
of academic staff. The Social 
commission, said Professor 
} ad considered that a lecturer’s 
‘contract. could be terminated only after 
disciplinary / proceedings. In its final form, 
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the act now contains other possibilities, 


including the dismissal of junior members 
of staff (up to and including assistant 
professors) after two ‘‘negative assessment 
reports”. It is not yet clear who would 
make these assessments, although it seems 
that the rights of the professorial body will 
be safeguarded, since any such dismissal 
must have the consent of the Council of 
State. But there is some evidence that 
‘assessments by bodies outside the 
university are envisaged, another 
limitation of ‘‘self-governance’’. 

_ Similarly, although the act formally 
acknowledges the principles of academic 
freedom, including differences of ‘‘world 
outlook’’, implementation of these 
principles, in undergraduate teaching at 


- least, will be constrained by what Professor 


Resich called ‘‘strong emphasis’’ in the act 
on the ‘‘need to teach and bring up youth in 
accordance with socialist principles”. 
These other features of the act are 
intended to emphasis the state character of 


Contraction for London u 


A proposal by a Joint Planning 
Committee that the teaching of science in 
the University of London should be con- 
centrated on five sites was accepted by the 
senate of the university at its meeting on 29 
April. No timetable for the concentration 
of the university is provided. 

This is the university’s response to the 
prospect of an income that will have shrunk 
by about 15 per cent between 1981-82 and 
1983-84, and to earlier reports by the six 
committees set up to recommend ration- 
alization of teaching in six subject areas. 
Most committees recommended that 
teaching should be concentrated at fewer 
sites. 

The planning committee, however, says 
that these reports reflect ‘‘inadequate 
information” and make comments ‘‘that 
cannot be justified in the light of the 
facts’’. In practice, the committee 
responsible for biological sciences, under 
its independent chairman Sir James 
Beament, began last October by assuming 
that student numbers need not fall as 
sharply as had been decreed. The 
committee’s second attempt under a 
second chairman follows the general 
pattern of recommending concentration 
on five sites. 

The joint planning committee itself is 
hoping for some relief from the rigours 
prescribed by the University Grants 
Committee (UGC). When added together, 
the recommendations of the six subject 
committees on student numbers for the 
year 1983-84 imply that student numbers 
would then be 1,000 greater than the UGC 
target. The planning report says that the 
grants committee has been asked to agree 
to a larger target number or, alternatively, 
that the university should have an extra 


higher ediscation a Poland, | 





the minister, Dr Benon Miskiew 
himself was “‘following with anxiety” thi 
participation of students and academi 
illegal demonstrations, and stressed the 
role of the universities in ideological ane E 
political education. 

His concern was timely; in Warsaw 
alone, six higher education establishment 
were represented in the arrests followin; 
last week’s demonstratrations. Students 
were equally prominent in the demon 
strations in Szczecin Gliwice and in the 
Gdansk-Sopot~Gdynia conurbation. ; 

These demonstrations, which took place 
in spite of the threat of heavy summary 
sentences under the emergency re 
gulations, clearly reflect the students 
bitterness at the banning of th 
independent Students’ Association (NZS 
and the loss of many of the privileges : 
granted in 1981. E n 
Education Act. is hardly likely t to 
their resentment. 




































































carried out by the court of the university 
the suggestion that financial allocation 
the separate London colleges should 
separately with teaching and research. 
proposal, put forward last Novembe 
Sir James Lighthili, Principal of Unive 
College, is regarded as a way of hely 
avoid the consequences of the er 
the dual-support system in the pa 
years, and also of making explicit 
reasons why some colleges in Lond 
appear to be dealt with more gene 
than others. But it seems unlikely tha 
anything will come of this before the court: 
of the university shares out the funds 
available for the next academic year. ; 
The planning committee’s recom-. 
mendations are that undergraduate science. 
teaching in the university should. be 
concentrated at five sites, where all science 
subjects would be taught. There are similar. 
proposals for concentration in the arts and 
the humanities. a 
The next step in the saga of the 
University of London will come’on 19May, 
when the court of the university is to meet- 
for a preliminary assessment of how to: 
divide next year’s grant. The exact amount 
will not be known until the university has _ 
heard from UGC at the end of May. oe 
Opinion among senior members of the- 
university is divided about the extent to — 
which the new policy will influence next 
year’s distribution of funds within the 
university. Some think that the court wil 
be bound to distribute what money ther 
as the planning committee says it s 
Others hold that the university will t 
respect the autonomy of its colleges. 

































































of the pr | 
ace, has withdrawn Koi a ai to assist 
| the installation and development of the 
argest’’ commercial computer in the 
orld, a Cray-1. The computer is to be in- 
stalled on the new site of the Ecole 
Polytechnique just a mile or two from the 
university, but Paris-Sud will have nothing 
to do with it (except to make a little use of 
it, once it is running). Orsay physicists have 
demonstrated over the matter and, at the 
same time, the scientific director of Paris- 
Sud’s own computer laboratory, Paris-Sud 
Informatique (PSI), has threatened to 
resign on 20 June unless the government 
agrees to keep his own laboratory going. 

_ The underlying issue is tangled, and the 
ingle goes right to the top. Paris-Sud’s 
president, physicist Roland Omnès, is 
going to see the minister of education, 
Savary, about the matter. But a 
rk that funding for PSI might not be 
came from the ministry of 
chand technology, which is 
o establish a computer policy 
ies and research centres; and 
hinisters, Savary and the research 
ager Pierre Chevénement, are not 








istry. Given the ever-present IBM 
jy and the traditional hostility between 
-grandes écoles (such as the Ecole 
nique) and the universities, the 
lt is a highly political problem. 

t root, however, the dispute is 
shnical. Cray-l is a ‘‘vectorial’’ com- 
_ puter, whose great power depends on the 
: parallel processing of a series of numbers. 
t is thus stretched for linear algebra 
(matrices and so on) only where the sizes of 
arrays are very large. Physicists generally 
do not need such arrays (except for model- 
ing large systems such as the atmosphere) 
and for them the Cray-1 is far from being 
he most cost-effective machine. So when 
PSI computer engineers went to the Ecole 
Polytechnique to collaborate over Cray-1 
evelopment, they found themselves in 
conflict with polytechnique interests — 
which were, largely, in engineering and 
tems modelling. This led to personal 
onflict and ultimately Omnès withdrew 
t e PSI team from the collaboration. 

_ Since then the atmosphere has become 
ven ore heated, with PSI staff claiming, 
that the Ecole Polytechnique 
ff are in the hands of IBM; and indeed, 
olytechnique has scrapped plans to 
nk the Cray-1 to a French-built CIL- 
loneywell-Bull EBS-8 (a link PSI was to 
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| -| company best ‘known f for having some _Alejai 


pioneers in genetic engineering on its 
scientific advisory board, seems likely to 
be acquired by the New Jersey pharma- 
ceutical company Schering-Plough for 
$29.4 million. Schering-Plough already 
owns 13 per cent of another leading 
biotechnology company, Biogen SA. 
Schering-Plough is to pay $19 million 
in cash and is offering 340,000 shares of 
its common stock valued at 
approximately $10.5 million. The 
common stock is to be distributed over 5 
years under an incentive plan to the 
18-member advisory board and staff of 
40 scientists. Preferred shares of DNAX 
are at present owned by a Swiss group and 
a US venture capital unit of Elf 
Aquitaine, the French oil company. 
Founded in 1980, DNAX has not so far 
launched any products or filed any 
patents. Its scientific advisory board 
boasts three Nobel laureates: Paul Berg 
and Arthur Kornberg; si of Stanford 


work on) and will go for an IBM instead. 

The final crunch was a comment made at a 
meeting by a ministry of research and tech- 
nology official, who said that 
Chevénement would probably not sanction 
the renewal of PSI equipment (a ten-year- 


‘old UNIVAC), and that Orsay physicists 


should use the Cray-1 “oniy three kilo- 
metres away”. 

Omnès, however, is calm. He believes 
official thinking is moving his university’s 
way, and that this is not the time for a big 
public campaign. Nevertheless, some of his 
more vocal staff disagree with him. Nor 
does time seem to be on his side. A ministry. 
of research spokesman said this week that it 
did not want to replace university 
computers in response to ‘“‘piecemeal’’ 
pressure, and that it would take ‘‘several 
months” to establish a coherent policy. In 
the meantime the (part-time) scientific 
director of the Orsay computer centre may 
have resigned and some of his full-time 
technical staff, uncertain about their 
future, may have begun to look for other 
jobs. That — ultimately — would leave one 
of France’s leading laboratories without a 
computer. Robert Wailgate 


Law of the Sea 
Soviet enterprise 


In advance of the inconclusive end to the 
UN conference on the law of the sea, the 
Soviet Union last month passed enabling 
legislation to cover the granting of 
prospecting and exploitation licences to 
Soviet enterprises wishing to engage in 
undersea mining beyond the continental 
shelf. 

The decree of the Supreme Soviet now 


founder, hopes that. hei company will 
eventually manufacture the protein anti- 
bodies made by the human body when it is 
combating infections and inflammatory 
diseases and allergies, and hopes to have 
specific macromolecules ready for testing 
in four to five years. 

Zaffaroni is also founder and president 
of Alza, a company specializing in the 
delivery of drugs to target organs within 
the body. Alza’s common shares in 
DNAX, valued at $5.3 million, will be 
bought by Schering-Plough in its 
acquisition of DNAX. 

In his search for a suitable buyer for 
DNAX, Zaffaroni says he approached more 
than 20 companies in Europe, Japan and 
the United States. Schering-Plough’s 
purchase of DNAX will be the first 
instance of a major pharmaceuticals 
company acquiring an entire 
biotechnology firm. 

Charlotte K. Beyers 


published describes the measures as 
“temporary” and stresses that the Soviet 
Union “‘is and will continue to be in favour 
of the settlement of urgent problems of the 
legal regime of the world ocean on an 
international basis. . . taking into account 
the legitimate interests of all states’. In the 
absence of any such legislation, however, 


the Soviet Union has been ‘‘compelled’’ to 


protect its interests by granting. off-shelf 


licences to Soviet mineralogical concerns. __ 
The decree was clearly an answer to 


Western proposals on off-shelf mining. In 
particular, the head of the Soviet 
delegation to the law of the sea conference, 
deputy foreign minister S. P. Kozyrev, 
categorically rejected Western proposals to 
grant licences on a ‘‘first-come first 
served” basis. This, he said, was a principle 
“widely employed during the colonial 
enslavement of countries and peoples’’. 

Commenting on the new decree, the 
daily Socialisticheskaya Industriya stressed 
the interest of US companies in off-shelf 
strategic minerals which, it alleged, had 
pressurized President Reagan to renege on 
earlier understandings. The new decree has 
therefore been interpreted by some 
commentators as simply a tactical move to 
strengthen the Soviet position at the 
bargaining table. 

The provisions of the decree, however, 
are considerably more detailed than would 
be necessary for such a purpose. It goes 
into considerable detail about safety zones 
around deep drilling installations, the 
notification of | temporary navigation 
hazards, disputes over rights with the 

“agencies of foreign states”’ and the setting 
up of a special fund under the Council of 
Ministers to which Soviet licence-holders 
must pay part of their profits. 
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rä dius déal with possible non- 
viet ‘participation in off-shelf 
operations. This would presumably be of 

two types — with developed and with 
~ developing countries. One likely partner in 

the first category is East Germany, with 
which the Soviet Union (together with 
Poland) is already linked in the Baltic 
drilling consortium Petrobaltyk to which 
the Germans have made a considerable 


Conference all at sea 


a; Washington 

'. “The largest ever diplomatic conference 
of the United Nations, with 160 
governments represented, ended on 30 
oe in New York with a huge majority for 
-adraft treaty on the Law of the Sea. But the 
"participants in this eight-year- -long 
“conference have not gone home in 
aoh. Instead, they hope to limit the 
-damage that has been done. 

What went wrong? In the end, the 
United States voted against the treaty, as 
did Israel, Turkey and Venezuela. Britain, 

. West Germany, the Netherlands, Belgium, 
Spain and the entire Eastern bloc 
abstained. Ironically, even the dissenters 
< the draft is a splendid basis for a 
eaty. It resolves several complex issues, 
oe - Such: as navigation through narrow straits. 

_ The stumbling block turned out to be the 
‘issue well advertised in the past few years: 
the rights of private companies to. minerals 











_ from the deep sea bed. Both the United — 
the Soviet Union were 
affronted. The new Administration in- 


States and 


Washington had spent a year trying to 
decide how to amend the clauses on 
international access to oceanic minerals 


. that the Carter Administration had 


negotiated. The Soviet Union, by contrast, 
-objected toaformof words seeming to cast 
_ doubt onits freedom from free enterprise. 

- What happens now is anybody’s guess. 
The procedure requires that governments 
wishing to sign the treaty must do so by 
December... Thereafter, the treaty will 
become international law when a specified 
quota of signatories has formally ratified 
it. The flaw is that because the draft of the 
treaty was not approved without dissent, it 
is open to any member of the conference to 
insist that the text cannot be a basis for 
international law because it was disputed. 

So who shoulders the blame? The 
` outcome of the conference was. failure for 
“the diplomats. The bizarre handling of the 
United States negotiating team may have 





training “of peisonnel,, “suggesting 
participation by developing countries. 
(This would fit in with Kozyrev’s rejection 
of the ‘‘colonial’’ overtones of the Western 
proposals.) 

The developing country would in the 
first instance presumably provide a shore 
base and other facilities. Any minerals 
recovered, according to the decree, would 
become Soviet property, though in some 
cases, some or all of them could revert to 


Private seabed mining has been the only 
stumbling block. Ideologically, the 
Administration objected to those parts of 
the text that would give developing 
countries a say over the private 
development of seabed minerals. But 
among the six objections listed by the 
United States when it returned to the 
negotiations in January were the provision 
that the treaty could be amended by three- 
quarters of its signatories without the US 
Senate’s agreement, and the inclusion of 
the Palestine Liberation Organization 
among the members of the conference. 

After the event, US negotiators claim 
that they were not given enough time to 
negotiate the real issues. The conference 
chairman, Tommy Koh of Singapore, 
made them stick to a prearranged 
timetable. The deadline of 29 March had 
early on been fixed for the filing of 
committee reports on which a final draft 


_ would be drawn up. By then, however, the 


mining committee had not agreed a 
resolution on seabed mining, while the 
constitutional objection to changing the 
treaty without consent of the US Congress 
had not been discussed. 

Part of the difficulty seems to rest with 
the makeup of the US negotiating team. Its 
leader was James L. Malone, an assistant 
secretary at the State Department whom 
the Administration was stripping of his 
responsibility for nuclear non- 
proliferation. Malone’s chief aide was 
Leigh Ratiner, a former government 
seabed mining expert working for the 
mining industry. 

Ratiner was a free-wheeling negotiator 
and a veteran of earlier sessions at the law 
of the sea conference. Malone was by 
comparison a novice. Observers say that 
Malone would often say one thing and 
Ratiner another. The result would be either 
brilliant or confusing, depending on the 
observer. The delegation was under 
constant pressure from the mining lobby, 
which insisted that any sell-out to the 
conference would be denounced when the 
treaty came up for ratification in Congress. 

The United States’ demands for 
revisions of the treaty, circulated before 
the beginning of the last session in March, 








agreenient were » drawn up dividi t 
shelf zone between the intereste 
countries. In that case, the ‘“‘temporai 
measures’ now announced would 
automatically lapse. But existing 
collaboration agreements between the 
Soviet Union and developing countries on 
mining activities normally provide for the 
Soviet Union’s initial investment in the 
technology being repaid over several 
decades in appropriate minerals. Vera Rich 



































































were quickly followed up by detailed 
textual proposals — andas quickly rejected 
as too sweeping. A compromise proposal, 
put forward by 11 states including 
Australia, Canada, Denmark, Finland, — 
Iceland, Ireland, New Zealand, Norway, — 
Sweden and Switzerland, was quickly _ 
rejected by the United States as inadequate : 
but later recognized to be a basis for 
discussion. By then, however, it was: too 
late. ; 

What will happen now is far from: Je ; 
The ceremony at which the treaty wi 
opened for signature has been arrange 
Caracas in December, but the h 
country, Venezuela, voted against the dr: 
last month because if fails to resolve t 
dispute with neighbouring Colombia. 

No state is bound by the vote it cast on 
April, Abstaining states or no-voting sta 
could still attend the signing ceremony. 
Israel’ sno is unlikely to change, a: as the: | 





pees Adevnunedi could not ch 
the US vote without an- ideolog 
turnabout, which seems unlikely. 

Ironically, the Administrat : 
adamant defence of rights to ocean min 
may have brought about a situatio: 
which no mining is possible. Tommy 
has threatened to sue any country that. 
proceeds unilaterally to mine outside the. 
framework of the Law of the Sea. So, ifthe- 
United States, and other mining statessuch 
as the United Kingdom, remain out of the 
fold, they may see their mining ventures: 
flee to other countries such as Japan. = 

Meanwhile Elliot L. Richardson, Lawof — : 
the Sea negotiator for the Carter | 
Administration, believes that the outcome __ 
of the conference is “sad”. Richardson — 
said that ‘‘ideologues”’ in and outside the: _ 
Reagan Administration prevented the US __ 
negotiating team from being flexible. we 

The Administration, he said, ‘‘wasted’”’ __ 
a year deciding whether to continue 
negotiating, and so spent too little time _ 
preparing for the talks themselves. At the 
meeting at which the US team agreed to — 
produce specific draft articles, it had run 
out of time and had to include many items 
that it knew were unacceptable. Similar] 
Richardson believes the US team sho 
not have responded so negatively to 
by a group of eleven countries to. negs 
compromises, _ Deborah h: 
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British nuclear power show is 
the road. Advanced gas cooling is an 
so-ran in the UK Central Electricity 
nerating Board (CEGB)’s ‘‘statement of 
case’’ for the construction of a pressurized 
water reactor at Sizewell in Suffolk, 
published with due ceremony yesterday 
(Wednesday). 
< The price of the British 1,110 megawatt- 
electric power station is now estimated to 
be £1,147 million, excluding the initial 
charge of fuel, compared with £1,590 
million for an AGR. The ratio is thus 72 per 
cent, substantially but not embarrassingly 
more than the 60 per cent Dr Walter 
Marshall, chairman of the PWR task force, 
as hoping for. 
The task force was set up to control the 































quences add up 

ne first newsletter of the newly 
blished nucleotide sequence data 
ary of the European Molecular 
Biology Laboratory (see Nature 15 April, 

596) lists $65 entries and is claimed to be. 

y complete up until 1980 and perhaps 
‘complete for 1981. Four journals, 
Picea Acids pesca ch, 





s add Nature, dominate the 
4 h e data base contains nearly 





1980 
















i972 1974 1976 1978 


Year 


| 600, 000 nucleotides, with 18 continuous 
Isequences of greater than 5,000 
|nucleotides. The longest of these, at 
116,569 nucleotides, is that of the human 
mitochondrion (HuMIT). Mouse and 
yeast mitochondria and a human globin 
|gene cluster also provide sequences of 
eater than 10,000 nucleotides and 
wliflower mosaic virus (CMV) and 
bens coli ribosomal genes are not 
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PWR might cost as much asan AGR. In the 
event, CEGB has maintained its safety 
requirements, adding elements — such as a 
larger containment building and a double 
skin — to the task force design; but the task 
force effort has shown up in the final price. 
An equivalent coal-fired station would 
cost about the same as the PWR (£1,080 
million), says CEGB, but fuel costs would 
be so much higher with coal that a PWR 
would give a net saving of some 
£500-£1,100 million over its 35-year life. 
But these few lines give no indication of 
the scale and density of CEGB’s argument 
which in the statement of case, the 
accompanying pre-construction safety 
report, the reference design and the 
supporting documents amounts to 214 
hundredweight (125 kg) of reading matter. 
PWR objectors will now have eight 
months to study the case, before the public 
planning inquiry which is to be held at the 


Maltings, Snape, in Suffolk, in January E 


1983 — and they will need all of that time. 
Moreover, CEGB promises a supplement 
in two months’ time which will give a 
sensitivity analysis (or estimate errors) on 
the economic elements of the report, andin 
late June or early July the Nuclear 
Installations Inspectorate is due to publish 
its reaction to CEGB’s design. The 


opposition could thus find itself flattened 


by mere weight of words. 


The report, and preparation for: the 


inquiry (including fees to counsel), wil 
CEGB some £5~-10 million, itis estir 
Some copies will be made available 


fide enquirers, 15 will be placed on public 
display and others will be. sold at pan 








time. 


design work for the reactor. The board 
estimates that 90 per cent of the PWR cost 
will pay for work done in Britain — but 
since the nuclear component (the nuclear 
steam supply system) amounts to only 10 
per cent, CEGB is clearly not ruling out the 
possibility that the whole of the system 
might be bought abroad. 

The reactor pressure vessel will certainly 
be bought abroad. Tenders are now out 
with Combustion. Engineering of the 
United States and Framatome of France. 
For the rest of the system (such as the steam 
generators), discussions are beginning with 
potential British suppliers. Brian George, 
CEGB’s PWR director, said it would be 
“too strong’’ to say that the board saw no 
reason why it should not buy British. In 
other words, there are good reasons — of 
price and confidence — why the board 
should buy foreign, and it will be up to 
British nuclear industry to convince CEGB 
otherwise. Robert Walgate 


those A of the cleainit gas-cooled 5 We 
reactor. Then there were fears that a British 


The next crucial task ior CEGB is to : 
define the board’s procurement. policy —. 
where it will buy the components and 





: Dutch; ning to wind as a 
source of energy. At the end of the last* 
century, more than 9,000 windmills were 
pumping water or grinding flour in the 
Netherlands, and if the present emphasis 
on wind energy continues, by the year 2000 
there will be more than 2,000 megawatts of 
electricity produced from. wind power. 
This is equivalent to about 13 per cent of 
the country’s present requirement’ for 
electricity, which is not expected to 
increase much in the next few decades. 





“Looks like the wind’s dropped again” 
Approximately two-thirds of the wind- 

derived electricity at the end of this century 

is expected to come from purpose-built 


x OPE parks, with the rest from upto 
15,0 5,0 










000 0 smaller individual turbines. ‘There 


; a ao paar seeenicn 


“pro ramme and the move into a develop- 
“ment. programme should see a further 
‘boost to wind energy. 





The national research programme saw 
the construction of a 300-kilowatt test 
turbine, and the new programme will 
initially. involve the building of a wind- 
energy “‘farm’’ with forty 250-kilowatt 
turbines as a prototype for much larger 
central. electricity generating areas. The 
cost of this first ‘‘farm’’ is estimated at 40 
million guilders (£8 million), half to be paid 
by the government and half by the public 
utilities companies. 

The- government is. encouraging the 
construction of wind turbines by providing 
a subsidy of up to 40 per cent, which can be 
paid back over 10 years. The national 
development programme will also involve , 
the design of a large 60-70 metre 
commercial wind turbine. Further research 
is to be done on tip-vanes and a multiple 
wind turbine is- evelopment, 
comprising a towe “cross-bars, 
each of which will support two rotors, 
giving a total capacity of 320 kilowatts. 

Casper Schuuring : 
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-Of the 3,500 km of waterway linking the 
North Sea to the Black Sea, only.55 km of 


` the Rhine-Main-Danube Canal and 59 km. 


of canalization on the Danube are still in- 

-complete. However, as the work forges on, 

-money is tighter, and controversy about 
the impact of the canal increases. 

The first attempt to conquer the Euro- 
pean watershed by joining the Rhine to the 
Danube dates back to Charlemagne. But it 
was not until 1855 that, under Bavarian 
King Ludwig I, a 15-m wide canal with 100 
locks was opened. This never competed 
successfully with the railways and the last 

 120-ton. barge passed through in 1945. 

' Contracts from 1921 and from the 1960s 
commit the federal government to two- 
- thirds and Bavaria to one-third of the costs 
sy of t the -present canal from Bamberg on the 










POT FRANKFURT 
oO Rotterdam qua, = 


i and tourism than are created by the canal, 





The plans also involve pumping water at 


15 m? per second up from the Danube to 


flush out the severely polluted Regnitz and 
Main and provide cooling water for the 
four new power plants planned for the 
Main valley. Without the canal, a DM 500 
million pipeline would be needed. But, 
integrated energy planning and improved 
waste treatment could meet these needs. 
To the 55-m width of the canal will be 
added a huge parallel service area which in 
places will carpet the valleys of the Altmuhl 
and Sulz from wall to wall. After canal- 
ization the Danube will deepen its bed, 
lower the water table and drain surround- 
ing wetlands. These vast landscape changes 
are the target of mounting environmen- 
talist attack. The Altmuhl valley and the 
wetlands north of the Sulz and east of 
Regensburg are not only exceptionally 
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as Main to Kelheim « on the s Danube. 
-Even by 1976, estimates showed that on 


| deutschemark invested, the profit 





ee be only $0 pfennig. Total German 


4 water. freight is in any case falling. off: 
-estimates for the canal were 14. million 


“tonnes per year in 1969 and now stand at 3 
million tonnes per year. Most of this would 


otherwise go by: the Bundesbahn, which is 
predicted to lose DM60-120 million per 


year. Worse, German. national carriers 


could face. competition: from. state- 
subsidized East Europeans not only on the 
new waterway, but alsoin the crucial Rhine 
system. Furthermore, north German 
> seaports could suffer when the canal links 
“ Austria, Hungary, Bulgaria and Romania 
dire ly tot the yn delta. 


y i pd Thai should not be jeo- 
V vever, the DM 1 ,750 million 
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„Vienna, Budapest 
‘Belgrade, Bucharest 


ohar 
wtata a vte 


` beautiful, butalso contain internationally 


significant biotopes. The destruction of the 


“migrant wintering and resting grounds, the 


habitats of 46 endangered bird species and 
13 endangered fish species, is contrary to 
the spirit of both Bavarian and federal laws 
framed in the 1970s to protect fast 
dwindling wildlife resources. 

These serious environmental objections 
apart, the hard core of the current contro- 
versy is economic. In September 1981, 
while. West German Chancellor Helmut 
Schmidt reassured Kreisky that work on 
the canal would continue, federal transport 
minister Hauff, on the strength of his latest 
reviews, was talking about ‘‘the dumbest 
project since the Tower of Babel’. In 
January the cabinet instructed Hauff to 
ask the Bavarian Administration for talks 
about halting or reducing the scheme. 
Bavaria is holding firmly to its contracts, 
but Hauff and Strauss will meet this 
month, Meanwhile, there is nothing in the 
federal kitty for next year. Sarah Tooze 
















































In the cold climate of recessio 
Royal Botanic Gardens at Kew in Surre 
continue to flourish. Today (13 May) th 
Queen will re-open the Temperate Hous 
after a 5-year renovation programme 
costing £1.6 million. Building of this vast 
glasshouse, designed by Decimus Burton 
for the 3,000 different types of plant fror 
the warm, temperate regions of the world 
began in 1860. 

The Royal Botanical Gardens. ma 
themselves soon undergo a histori 
restructuring. Since 1903, the institutio 
has been part of the UK Ministry of 
Agriculture, Fisheries and Food (MAFF) 
but now talks are being held betwee 
officials from the ministry and Ke 
Gardens to transfer management to a bod 
of trustees. Organizations with an interest 
in the gardens have been asked to submit 
their views by 21 May. ie 

The change to trustee status. wo id 
largely managerial — the gardens. 
continue to be sponsored by MAFF. Bı 
this arrangement would permit a d 
adminstrative autonomy the lack of 
has irritated past directors of Kew. The ne 
board of trustees, many of whom would b 
scientists, would take decisions on 
direction and development of policy. 
April, Mr Peter Walker, Ministero 
Agriculture, Fisheries and Food, to 
House of Commons that the pr 
arrangements “‘are not ideally suite 
management of an institution 
combines the functions of cur 
research, advice and instruction and p 
amenity”. At present the diri 
Professor Arthur Bell, is advised. b; 
12-strong Scientific Advisory Committe 
drawn mainly from university bot: 
departments. Members of the Fores 
Commission and the National Trust sit ona 
consultative panel at Wakehurst Place, the 
satellite garden in Sussex. 

Kew Gardens have not experienced cuts. ; 
as such but staff has been reduced through 
natural wastage from 480 in 1979 to the | 
present level of 440 — a rate which 
compares with cutbacks at the ministry _ 
itself. Total running costs are £6 million, of | 
which £3 million is accounted for by 
salaries. = 

Like London Zoo, Kew is a blend of He 
scientific institution and tourist attraction. 
With an entrance fee of only 10 pence, and 
over | million visitors a year, however, the 
gardens could not survive without 
exchequer support. Some 3,100 genera of 
340 families are represented in the living: 
collections at Kew, and there are 5 million | 
dried specimens in the herbarium, The 
physiology section at Wakehurst Place.. 
now incorporates a seed bank. But th 
aesthetic way of displaying plan ts: 
scientific and economic intere 
obscure the extensive scientific wo: 
the institution m. 














































































ik — In the news section of your 11 March 
sue K, S. Jayaraman from New Delhi makes 
several serious and erroneous allegations 
egarding the Johns Hopkins University and 
ts participation in research projects in India. | 
elieve it to be important that the record be 
orrected.. 
_ For many years, scientists from the Johns 
Hopkins University collaborated with Indian 
colleges in two major projects. One was the 
-pioneering research conducted from 1961 to 
1974 at the Narangwal Rural Health Research 
‘Centre in the Punjab. The purpose was to 
design and evaluate practical approaches for 
the delivery of primary health care. A series of 
‘projects under the Indian Council of Medical 
Research involved a large group of Indian 
scientists and a few foreign scientists under the 
rection of Professor Carl Taylor. These 
es served as a prototype for other similar 
aith services research subsequently 
iducted in many countries throughout the 
; Professor Taylor, a member of the 
ite of Me edicine of the National ores 





was to pene a bene for spying on the 
iwara airbase is wholly false, indeed 
posterous. 
<The second project, based at several 
national institutes in Calcutta, was under the 
direction of the late Professor Frederik Bang. 
It was one of a group of International Centers 
for Medical Research and Training which were 
funded by the National Institutes of Health. 
With Indian scientific colleagues, a large 
_ number of important investigations were 
conducted dealing with infectious diseases and 
nutrition. Indeed, many of the fundamental 
studies which have led to the now universally 
~ used methods for treatment of cholera and 
other severe diarrhoeas with oral fluid therapy 
were made by the Calcutta group. This 
aboratory and its scientific staff had no 
onnection. whatsoever with the Fort Detrick 
iological warfare laboratory. There was also 
10 link with the US Navy except for informal, 
ollegial scientific exchanges with the Naval 
edical Research Unit, then based in Taipei, 
ich was similarly actively engaged in 
eavouring to find more effective and 
tical methods for the treatment of cholera. 
Since its founding in 1916, the Johns 
cins Schoc ygiene and Public Health 
as seen deeply invelved i in education and 
esearch in international health problems in 
: Baltimore and in many countries throughout 





(ns and India 


the world. It continues today as one of the 
largest institutions so concerned with 
international health. Its numerous alumni hold 
eminent positions in national and international 
organizations around the world. The false 
aspersions cast on the the institution by Mr 
Jayaraman are deeply resented. 

D. A. HENDERSON 

(Dean) 

The Johns Hopkins University, 
School of Hygiene and Public Health, 
Baltimore, Maryland, USA 


Ban the billion 


Sir — A.J. Southward (Nature 294, 215; 1981) 
writes: ‘*, . . estimated six billion tons of oil 
that reaches the sea each year’’. as he comes 
from Plymouth, Devon, we have a right to 
expect that ‘billion’? means 10'*: but in 
context that is surely impossible. We are 
therefore left to wonder whether. he writes in 
American from an English address. 
Unfortunately, even ‘6 x 10° tons” of oil per 
year flowing into the sea sounds fantastic, 
given that the world’s production of crude oil 
is about 3 x 10° tons per year. Does that mean 
that most of the amount talked about is 
natural seepage? The rest of the article makes 
that sound implausible. We are left with the 
uncomfortable feeling that, as the author has 
introduced one uncertainty of a factor of 
1,000, he may just have got the figure wrong. 
The confusion is worse confounded by the 
difficulty of distinguishing spoken “m” and 
‘bh’, especially on the telephone. As a result, 
“million” and “bilion” are frequently 
confused, particularly i in newspapers. The 
uncertainty is thus increased to 106. 
Sir, could I prevail upon you simply to ban. 
the word “‘billion’’ from Nature? It seems to 
me unnecessary; given the enormous - 
uncertainty, it would be much better simply 
replaced by ‘‘10?” or “thousand million’’. 
 Epwarp Eisner 
Department of Applied Physics, 
University of Strathclyde, 
Glasgow, UK 


A. J. SOUTHWARD REPLIES —- Mea culpe: 
Professor Eisner is quite entitled to his little 
bit of fun. The word should have been million 
~- 6 million. tons of oil per annum into the sea. 
I agree that the word billion needs replacing. 


PhD applications 
Sir — The leading article in Nature of 15 Apri 
(p.592) implies that ‘‘promising people from 
less favoured universities” find it hard to. enter 
PhD courses because the quota system of 
awards puts graduate student selection into the 
hands of the luckier university departments. 

I expect that supervisors usually want to 
choose the most productive and biddable 


graduate students quite independently of their 


college of origin. If this i is so, the main barrier 
to students moving to a new institution for 
their graduate studies must be inadequacy of 


‘information about projects and places 
available elsewhere. “g 


Man mismeas 
Sik — Scientifically Iam certainly no 
: supporter. of the main thesis of Stephen Jay 


For several years this department (which has 
always had a strict policy of not allowing its 
own honours students to continue as PhD 
students here), has organized a scheme-for 
exchanging this information amongst about 80 
UK life science departments — mainly in 
biochemistry, molecular biology, microbiology 
and cell biology. The scheme also promotes a 
common application form and loosely 
coordinated timetable for selection. 

This year, for the first time, we have 
published the Compendium of Research Topic 
Outlines, which forms part of the scheme, as a 
single volume of over 400 pages, with name 
and subject indexes. The first indications are * 
that this has proved very useful to students in 
finding out where they can carry out the kind 
of research of most interest to them. In the 
future, the availability of this compendium to 
libraries and career advisers should make the 
system of greater use to students in non- 
participating departments. 

I shall be glad to answer enquiries from 
anyone who thinks that the compendium, or 
the scheme as a whole, could be useful to their 
students. 

I think that many of the participating ` 
departments now find the scheme _ 
indispensable, as we do. For this reason I have 
never understood why physical chemical and 
social science departments do not cooperate in 
a similar way. 

A. F. W. COULSON 
Department of Molecular Biology, 
University of Edinburgh, 
Edinburgh, UK 
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Gould concerning punctuated equilibrium. 

Thus { might be expected to be in favour of (or 
at least to watch passively) virtually anything i 
that helps to reduce Gould's immense 

influence and effectiveness, especially if 
prepared by an outsider to the evolutionary 
arguments. But in truth, | found the personal 
attack on Gould by your reviewer of The 
Mismeasure of Man (Nature 8 April, p.506} 
positively nasty, unprofessional, with but 

slight reference to substantive issues (and then 
often granting Gould’s correctness), and just 
plain ugly. Who is Mr Blinkhorn to tell us that 
the book has “the routine flavour of Radio- 
Moscow news broadcasts’’, as though in and 

of itself even if it were true (which is not in 

any way documented), it should damn the 

book for ever, My reaction is that if Blinkhorn 
is correct, more òf us should join him in 
listening to those radio waves. Blinkhorn ends 
by admiring Gould’s skill in presentation, and.” 
adding “but what a waste of talent”. For his 
part, Blinkhorn has shown us a remarkable 

lack of skill, unfortunately presumably 

making full use of Ais talent. 







ae omas J. M, SCHOPF - 
Department of G eph sical Sciences, 
University of Chicago, i es 
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-IN September 1872 the explorer Odoardo 
= Beccari became the first European to 
» ascend the Vogelkop mountains of New 

‘Guinea and to observe there the Arfak 
tribesmen in their villages. Among the 
- Many sights that impressed Beccari were 
the beautifully decorated little huts 
scattered in the forest. Each hut was in the 
: form of a cone up to eight feet long and 
and a half feet high, so tightly woven 
-of sticks as to be rain-proof. In front of 
-each hut wasa little garden, consisting of a 

“mossy lawn decorated with over a hundred 
_ ted, blue, brown, black, yellow and green 
_ objects carefully grouped by colour. The 
objects that Beccari saw were natural and 
lected from the forest: fruits, flowers, 











ed flowers. ‘were fresh. and were 
d and replaced as they faded. A 
t ry later, when Europeans had become 
“regular visitors to the Vogelkop, the 
“decorations included coloured man-made 
objects, such as shotgun cartridges and 
yellow cardboard Kodak film cartons. 
Was this a quaint native custom of the 
sort that draws anthropologists to New 
Guinea? Not at all. What caused a 
sensation when Beccari? published his 
account of these huts was that they were 
constructed, decorated and used by a bird, 
E the Vogelkop Gardener Bowerbird. 
< The eighteen species of bowerbirds 
(famy Ptilonorthynchidae) of which 
fourteen others besides the Vogelkop 
Gardener build bowers, are confined to 
New: Guinea and Australia’~. Bower 
structures vary with the species and 
include, besides the hut of the Vogelkop 
species, stick towers up to eight feet high, 
walled avenues, fern mats and moss 
platforms with parapets. Almost all bowers 
are decorated with coloured objects such as 
fruits, flowers, shells and bones, the colour 
preference varying with the species and 
with the individual bird. More diverse 
« decorative objects appear in bowers near 
human habitation, and have included car 
keys, bottletops, tooth brushes, 












Diamond Professor of Physiology at 
f. al ornia Medical School, 


s, false teeth and spectacles. At 


Evolution of bowerbirds’ bowers: 
animal origins of the aesthetic sense 


from Jared M. Diamond 


least six species use a tool to paint the 
bower yellow, green, blue, brown, or black 
with crushed fruit or charcoal, and at least 
four species orient the bower in a constant 
compass direction. Bowers are built by 
adult males and used as the site for wooing 
and inseminating females, which then fly 
off and do all the work of building a nest 
and rearing the young. 


Understanding of the function and. 


evolution of the bowers has come slowly, 
because the areas of New Guinea and 
Australia where many of the species live are 
remote and difficult of access. Indeed, the 
home grounds of a New Guinea species 
(Amblyornis flavifrons), known only from 
three skins sold to Lord Rothschild by a 
plume merchant in 1895, remained 
undiscovered until 1981 (see Science 23 
April 1982), and the bowers of two other 


New Guinea populations (Sericulus bakeri 


and Archboldia p. papuensis) are still 
unknown. Two recent papers by Reta 
Vellenga“. 1 of Castle Hill, Australia, in 


conjuction with an earlier paper*, provide 


the most detailed life history information 
yet available for a bowerbird. 

Vellenga studied the Satin Bowerbird 
(Ptilonorhynchus violaceus) of south-east 


Extremely elaborate maypole bower built by a completely unornamented male bowerbird, 
Amblyornis inornatus (mountains of New Guinea's Vogelkop Peninsula). The male lacks a 
crest. The bower is a hut of interwoven sticks built about one or more saplings, with a lawn in 

front decorated by over 100 objects of up to seven different colours. 































Australia, following on earlier work ” 
Marshall’, Chaffer and Green!®. The bir 
is about twelve inches long, the adult male 
glossy bluish-purple, the female and young | 
male green. The bower is a woven platform 

about 10 feet square, supporting an avenue 
of woven sticks, with walls a foot. high 
nearly joining in an arch over a floor, ar 
decorated with blue or green natt al or 
man-made objects. Perishable dec 
such as flowers are replaced daily. 
bowers are left unpainted, but others a 
painted daily either blue, black, or green t 
the male, using a wad of bark as a paint 
brush and using crushed fruit, charcoal 
(nowadays near civilization) stolen bhi 
laundry powder as paint. The long axis : 
the bower is generally within 30 degrees « 
north-south, possibly so that the male an 
female can face each other d during 
morning: g displays wont either 



























rebuilt. it in ARE a ‘correct. orienta 
Between 1965 and 1971 Vellenga ban 
940 bowerbirds in her backyard and 
followed the individual lives of many of 
them. 





















According to Darwin’s theory of sexual 
tion, intraspecific competition for 
ates may. select for ornaments or 
aviours unique to one sex through 
ther of two mechanisms: the value of the 
ornaments in attracting the opposite sex or 
in dominating rivals of the same sex. 
Bowers have traditionally been interpreted 
in the former sense, as love parlours where 
males seduce females. Vellenga’s 
observations provide ample evidence for 
«this function. The bower-owning male 
: Satin Bowerbird continually tries to entice 
females into his bower by picking up in his 
bill an object such as a flower or snail shell, 
and posturing, dancing and displaying to 
- the female. Rarely, the female is persuaded 
“to enter the bower and copulation ensues. 
Far more frequently, the female flees 
< ‘without mating. 
<=>. Why do courting males have such a low 
< Success rate? Perhaps females scrutinize 
_» various males and bowers before choosing. 
_- Many courtships are interrupted at a 
- Crucial stage by the intrusion of other 
individuals. However, another reason for 
the low success rate may be the invariant 
sequel to successful mating: the male 
`- þowerbird savagely attacks the female, 
-» pecks and claws her, and chases her from 
the bower. Mating itself is so violent that 
often the bower is partly wrecked, and the 
_ exhausted female can scarcely crawl away. 
_ The. courtship display can appear little 
different from the male’s aggressive 
„display. Whena courted female is won over 
and starts to solicit copulation, the male 
often changes his ‘mind and chases her 








> many visits to a bower before she 
overcomes her fear of the aggressive male. 
_ After mating, the female constructs a nest 


Example of an avenue bower, built by the bowerbird Chlamydera nuchalis (Australia). An 
avenue is constructed of a floor and two painted walls of sticks and decorated with many 
stones and bones. Mating takes place in the avenue. 


‘away. Thus, a female may have to make 


at least 200 yards from the bower and 
bears sole responsibility for feeding the 
young. Once the young leave the nest, the 
young of several females are tended by 
their mothers in a common nursery area. 
After the first year, bowerbirds outside the 
breeding season form separate flocks 
according to age and sex (females, young 
males and old males separate). Adult males 
that leave for the winter apparently 
dismantle their bowers first. 

While Vellenga’s studies confirm the 
traditional view of bowers as love parlours, 
they provide strong support for a 
simultaneous role of bowers in male—male 
interactions. Specifically, bowers, like 
flags of possession, may serve as symbols 
of males’ property rights in their wars with 
other males. An adult male spends much 
time repairing his own bower, protecting it 
from raids by rivals, and attempting to 
steal ornaments or destroy rivals’ bowers. 
bowers. 

The battles and territorial shifts that 
Vellenga recorded among her 426 banded 
adult males make the European Thirty 
Years’ War seem straighforward by 
comparison. When about 5 years old, male 
no. 85 won ownership of Vellenga’s garden 
and maintained his bower there against 
intruders for 15 years. On 15 November 
1967 he became ill, and other males 
demolished his bower, but by 28 November 
he had recovered and rebuilt the bower. 
Finally, on the morning of 26 October 1970 
he became ill again and disappeared 
around 10 a.m. By 1:50 p.m. on that day 
his bower had been destroyed and two 
other males were in the vicinity. By 3 p.m. 
male no. 345, who had owned a bower 1.25 
km to the west since at least April 1970, was 
in possession of Vellenga’s garden and 


| 460, who hdd undi th n owned a bower 7 
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km distant. Male no. 345 thereupon 
returned to his old bower, expelled a male 
who. had taken it over and was still there 
when visited three years later, while male 
460 still owns Vellenga’s garden at latest 
report. In the meantime male no. 553 took 
over the bower of male no. 320,0.75 km 
south-west of male 345, while male no. 429 
seized a bower 1 km to the south-east, and 
male no. 124. . . l 

What is the significance of all these 
details of bowerbird military history? As 
with other bird species, male bowerbirds 
vary in dominance, and the south-east 
Australian landscape varies in production 
of food resources consumed by bower- 
birds. Superior locations such as 
Vellenga’s garden are know to have 
supported active bowers for at least 30 
years, though with a sequence of owners. 
Young males search for good sites to built a 
bower, and males that.already own bowers 
spend some time searching for better sites. 
Thus, the old male 85 had long been 
dominant in Vellenga’s neighborhood, and 
on his disappearance local dominance did 
not pass to a male at some different site but 
continued with the new owner of male 85's 
estate. 

Dominant males directly prevent other 
males from wooing females by the 
destruction of their bowers. Young males 
continually try to erect rudimentary 
bowers in the territory of an adult male but 
the latter patrols his property several times 
a day and wrecks them. When Marshall 
placed 100 pieces of numbered. ‘blue glass 
into these rudimentary bowers one night, 
he found 76 of the pieces transferred to the 
bowers of dominant adult males by noon of 


the next day. Similarly, Vellenga observed 


a blue celluloid band to be transfered 
between bowers several times a day, until 
one male firmly wove it into his bower. 
Dominant males may perhaps even 
affect their rival’s chances through 
hormonal effects related to dominance and 
subordinance. The successful male 
bowerbird needs not only a bower but also 
blue plumage. Young male bowerbirds 
have green plumage resembling adult 
females and only begin to acquire the blue 


‘plumage of the adult male in their fifth 


year. In many animals the acquisition of 
adult sex-specific colour pattern is 
controlled by sex hormones, and 
domination of a male by rivals inhibits 
production of male sex hormones — it is 
possible that the acquisition of blue adult 
plumage by male Satin Bowerbirds is 
retarded in individuals that are continually 
harassed and see their. -bower-building 
attempts frustrated by dominant males. 
How has the evolution of bowers taken 
place? Gilliard*3 argued that the female’s 
attention during the male’s courtship 
display has become ‘transferred’ from 
















vidence fies this interpretation 
from comparison of courtship 







juilder genus Chlamydera. In two species, 
C. nuchalis and C. maculata, the male hasa 
lilac crest, which he erects and displays to 
-the female by facing her while twisting his 
head to the side. In the crestless C. 
cerviniveniris, the displaying male still 
twists his head as if to show the female a 
crest that his ancestors lost! But the male C. 
cerviniventris compensates by holding a 
-spring of green berries in his bill during the 
display. 
A second line of evidence for the 
re ransfer theory’ is the inverse relationship, 
‘among bowerbird species, between 
e rateness of male plumage and 
el borateness of the bower and its 
For example, among the five 
maypole builders, the male of 
rnis macgregoriae has. an. erectile 
crest three inches long, builds a 
maypole four feet high and scarcely 














` detarates i it; male A. flavifrons has a gold 
crest of the same length, builds a similar 
mayonle and decorates it only with three 


Sica as fe or ee, different 








ary oina by a pos 





‘and male Amblyornis inornatus is entirely 





restless like the female but builds the 
elaborate. bower described in the first 


paragraph of this article. A similar 


correlation exists among the eight species 
-of avenue builders: from Sericulus aureus 
‘and S. chrysocephalus, of which adult 
‘males have golden and black plumage, 
decorate a two-walled bower only sparsely, 
“ant perhaps dispense entirely with a bower 
-on occasion; to Ptilonorhynchus violaceus 
studied by Vellenga, with uniform blue 
male plumage and a painted two-walled 
bower with many ornaments; and 
culminating in Chlamydera lauterbachi, in 
which male and female are similarly dull 
but the male builds a decorated four-walled 
bower reinforced with up to 10 Ib of stones. 

The construction of bowers out of sticks 
and moss may have its origins in nest 
construction. Males of many bird species 
court females and induce them to ovulate 
by conatruchng true nests and offering 
“food » It is g oeng that bowers Bae as 









irh ool courtship feeding, since 
males of at least six Apes of 


Simple maypole bower built by ` 
an elaborately ornamented - 
male. bowerbird, Amblyornis 
macgregoriae (mountains of 
New Guinea). The male has a 
striking, erectile orange crest 
three inches long. A circular 
moss platform with a rim is con- 
structed about the base of a 
sapling, about which sticks are 
criss-crossed to form a tower. ` 
The bower has few or no | 

decorations. 


avenue builder, one maypole builder, and 
the mat builder Archbodia papuensis 
sanfordi pick up a decorative object in the 


bill and extend it towards the female. In 


some cases this decorative object is an 


edible fruit, although female bowerbirds 


have never been reported to take and eat 
the fruit. If courtship feeding was indeed 
the original meaning of this gesture, the 
meaning has been lost in the many cases 
where the display fruit has been replaced by 
an inedible object, such as a stone, shell, or 
human artefact like a cloth or marble. 

‘Eight other species build bowers which 
could less easily have had their origins in 
nest construction and courtship feeding. 
The bowerbird Scenopoeetes dentirostris 
rakes an area of ground clean and 
decorates it with dozens of leaves carefully 
turned upside-down; the four birds of 
paradise (family Paradisaeidae, not 
Ptilonorhynchidae) of the genus Parotia 
rake an area of ground clean without 
decorating it; and the two birds of paradise 
of genus Diphyllodes rake an area of 
ground clean and strip the leaves off the 
trees over this area. 

Does bower building imply that 
bowerbirds are intelligent and have an 
aesthetic sense? It certainly seems true, as 
Vellerga concludes, that many skills related 
to bower building and use have to be 
learned. Young males in green plumage 
spend about two years building 
rudimentary but increasingly complex 
bowers before acquiring blue adult 
plumage and building complete bowers. 
These ‘practice bowers’ are the joint 
efforts of several young males, which take 
turns placing and rearranging sticks, often 
clumsily and without success, occasionally 


































































with the cooperation of more skilled older. 
males. The young males do not paint these- 
bowers and are less discriminating than. 
adult males in choice of colour for bowel 
decorations. The young males spend much. 
time watching the displays, mating anc 
other bower activities of adult males, an 
are displayed to by adult males. o 
As for aesthetic sense, colour preferen 
in decorative objects varies with species 
and with individual, sometimes in a way 
that can be related to the bird’s own colour. 
Adult males of Ptilonorhynchus violaceus 
prefer blue fruits, flowers, parrot feather 
and man-made objects (see photograph.on 
p.867 of ref. 10, depicting nine man-made: 
objects recovered from bowers, all of them. 
blue: a tooth-brush, toy airplane, pen, 
pencil-sharpener, clothes-pin, marble, . 
shotgun cartridge, button and bottle-top). 
Blue is also the eye colour in both: sexe 
and is the colour of the adult. male’: 
plumage and bill. Chlamydera caculat 
lives in dry country, has brown plumage 
and eyes, selects pale ornaments and paints — 
the bower brown. Amblyornis flavifrons 
displays with a blue fruit that affords 
maximum contrast with its golden crest, 
and consistently decorates the bower with 
fruits of three colours: the same blue fruit, 
green fruit that is the unripe form of the 
blue fruit, and a yellow fig similar to the — 
colour of the abdomen and male crest. 
Amblyornis inornatus males vary 
individually: one used ornaments of seven 
different colours, another preferred brown 
and black, another favoured red and one. 
specialized in white. The function of bower - 
painting is mysterious, but a possible clueis. 
that Vellenga twice observed a young n 
visiting a bower in the absence of its o vn 































anal scent glands in many mammals. 

<> Evenif antecedents can be suggested for 
| bower construction, decoration and 
<- painting, why have these display activities 


evolved to such an extreme degree in 


 bowerbirds but in no other birds? One 
prerequisite is ample leisure time. Male 
-= bowerbirds spend most of their. time 
repairing the bower, fighting rivals, raiding 

_ Tivals’ bowers and wooing females. 
= Bowerbirds are among the largest 
_.. frugivorous songbirds of Australia and 
=o New Guinea and are aggressive and 
— dominant over other species because of 
_ their size. They may thus have preferential 
-aecess to trees with concentrated fruit 
- crops of high nutritional quality, enabling 
“them to satisfy food needs in a short time 
and to devote remaining time to bower 
3 activities (see ref. 14). Other large tropical 
frugivores devote their leisure time to other 
bizarre social activities, such as the 
oe — ofn most ‘birds of Leaner 


















rounds); this appears true for Archboldia 
papuensis sanfordi (known. population 
onfined to small areas on two New Guinea 
mountains), untrue for Amblyornis 
flavifrons (bowers spaced one-quarter of a 
mile apart) and unclear for other species. It 
is unknown whether simple, erratic, or 
nonexistent bower construction in the 
genera Sericulus, Ailuroedus and 
Scenopoeetes is a primitive condition or an 
advanced one: are these genera acquiring 
or losing. the ‘bower-building habit? Have 
_  bowerbirds co-evolved with certain tree 
oe < Species. on whose fruit they specialize, as 
seems true for birds of paradise? Vellenga’s 
-work only begins to give tantalizing cues to 
the origin of colour preference, the origin 
_ oof painting and the relative roles of instinct 
and learning in bower construction. To 
many ornithologists, bowerbirds remain 
_. themostintriguingly humanof birds. © 
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es COSMOLOGISTS have a ie secret, “They 
have not the slightest clue to the nature of 


the dominant mass constituent of the 
Universe — only the inherent 
implausibility of the idea prevents them 
from postulating the existence of 
innumerable copies of Nature floating in 
space. Preference has alternated for many 
years. between two candidates: black holes 
and degenerate black dwarfs of the substellar 
variety. The mass density in the invisible 
form must exceed that in luminous material 
by one to two orders of magnitude. 

The amounts of matter and luminosity in 
a given region are commonly measured in 


units relative to the mass and luminosity of 


the Sun. One finds a mass~luminosity ratio 
of about 2 in the solar vicinity; this means 
that the matter around us consists of stars 
typically of somewhat lower mass 
(luminosity being very sensitive to mass) 
than the Sun. Ina great cluster of galaxies 


‘such as Coma, the ratio is about. 300 (if one 


specifies that blue light is measured and 


that the Hubble constant is 50 km s3 


Mpc). Part of this difference can be 
understood in terms of the type of stars 
present in the cluster. Most of the. cluster 
galaxies are ellipticals, which lack the 


young, hot, blue stars that contribute little 


to the mass of a galaxy such as ours but 
dominate its light. Thus, the mass- 


luminosity ratio of the underlying old disk 
and bulge populations of stars near the Sun | 
that are most comparable with stars in 


ellipticals is about 6. Indeed, this is 


confirmed by measurements of the ox 
velocities of luminous K giants at a height 
of | kpe or more above the disk, which 


directly sample the local gravitational field. 
It follows that the total stellar content of 
the Coma cluster of galaxies amounts to 
only about 6/300 or 2 per cent of its 
dynamical mass. 

Further, a substantial fraction (about 10 
per cent) of the mass of the Coma Cluster 
has been discovered to be in the form of 
hot, X-ray-emitting gas. Thus, the total 
content of the Coma cluster that is in 
luminous form is only 12 per cent of its 
total mass. The remaining 88 per cent of the 
mass of Coma is invisible, at least hitherto, 
and its nature is a continuing source of 
speculation. A similar fraction of non- 
luminous matter appears to be present in 
the spiral-dominated groups of galaxies 
(although data on the intergalactic gas 
content of groups are very incomplete). 
These measurements both refer to scales of 
one or two million light years: 

_On smaller scales, pear rotation c curves 








ratio of about 50. The large \ 
to luminosity in clusters. are due i in part to 

















and cluster data suggest that the invisible 


mass fraction of the Universe continues to, 
rise at least up to scales of millions of light 

years. Whether there is still more dark 

matter unclustered on larger. scales is 

unknown. One can say that for the 

Universe to be of critical density, 

corresponding to closure, the required 

amount of dark matter has a mass—blue 

luminosity ratio of about 1,000. 

Measurements of the redshift-magnitude 

(or velocity—distance) rélation for distant 

galaxies suggest that the mean density of 
the cosmos cannot much exceed this critical 

value. This ratio is only a factor of 3 

larger than the Coma cluster value. 

Does this signify that the Universe is near 
its closure density? Almost certainly not, 
since rich clusters are rather rare objects. 
Far more typical is the sparse group which 
has a characteristic. mass~blue luminosity 





the older (and dimmer) star populations, 
and in part to the fact that a substantial 
amount of matter that would perhaps have 
formed spiral disks is in the intergalactic 
medium. The phenomenon that is 
responsible for the. dark matter is a 
universal one. Even studies of galaxy haloes 
where little light is seen indicate that the 


Tatio of mass to luminosity must locally be 
extremely large, amounting to several 


hundred or more. The evidence that 
exceedingly inet matter dominates the 





aA Fa the principal pero to 


the density is the old star population. 


Particle physicists have joined the quest | 


for dark matter in the cosmos. 


Experimental indications (still 
unconfirmed) of a finite rest mass for the 
neutrino have led to a new candidate for the 
dark matter. The big bang theory predicts 
that the number density of neutrinos at 
present should be comparable with the 
number of photons, both being relics of the 
primordial fireball that described the early 
evolution of the Universe. If the neutrino 
has a rest mass of 1 eV (or one-millionth of 
an electron mass), it would presently ` 
dominate the mass density of the Universe. 
With a neutrino rest mass as large as 100 eV, 
the Universe could even be of closure 
density. The existence of a massive 
neutrino has notable implications for the 
large-scale structure of the Universe: 
Neutrinos are collisionless particles and 


in cannot sustain density fluctuations. As a 
a - consequence, all small-scale structure in 





e Universe would be suppressed, until 


ik is Professor of Astronomy at the 
Of arora Berkeley, California 
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‘Opies arise naturally in 
when» small-scale structure is 
: supp essed, and lead to the formation of 
great voids between the clusters and 
_ superclusters of galaxies that develop in the 
high-density regions. One question that 
remains unanswered in such a theory 
concerns how the scale of a typical 
luminous galaxy is determined. 

Now a new particle, the gravitino, has 
emerged from the creative minds of two 
particle theorists as a new candidate for the 
dark matter (H. Pagels and J. Primack 

Phys. Rev. Lett. 48, 223;1982).. The 








Saumo i is a wa of supersymmetry, 








ne tr 5 y unites fermions and bosons ona 
: a and “may. ae plain 


ith the. ee unified om 


possible: scenarios “for large-scale 


Bilis and, the mass 


evolution. For their mass spectrum extends 


all the way from scales of supercluster mass 


down to scales comparable to that of dwarf 
galaxies. Unlike the neutrinos, gravitinos 
do not dominate the mass density of the 
Universe until long after they have become 


non-relativistic, and this enhances the 


growth of large-scale gravitino perturba- 
tions relative to smaller-scale perturba- 


The regulation of contraction | 


in cardiac muscle 
from D.A. Eisner and D.G. Allen | 


OnE hundred years ago Sydney Ringer, a a 
physician working at University College 
London, discovered that calcium is 


required for the heart to contract. Only in | 
the past twenty years, however, have the 


intracellular mechanisms responsible for 


‘this calcium dependence become clear and 
the central role of intracellular calcium in 
the control of cellular processes become 
widely appreciated. In the past five years 
our understanding of the regulation of 
cardiac contraction has taken a leap 


forward with the introduction of tech- 


er niques for measuring the crucial intra- 





f the neutrinos. This leads to an 


_ of sufficient mass to account for the dark 
matter in the Universe, the gravitino rest 
"Mass must be some 10 times greater than 
- the neutrino rest mass, or as large as 1,000 
_ eV if gravitinos are at closure density. As 
‘the Universe expands, the more massive 
gravitinos. become non-relativistic at an 
earlier epoch than do the neutrinos. The 
horizon scale at this instant provides a 
measure of the minimum primordial 
fluctuation scale that can survive the free 
streaming of particles at the speed of light. 
For neutrinos of mass 30 eV, the 
perturbation amplitude. peaks at 4 x 10! 
3 Mo, whereas for 1 keV gravitinos the 
“pert rbation spectrum peaks at about 10'? 





ark haloes of ee if we e take 


uplings of other particles produce. the 


-interesting consequence: if gravitinos are 


This is just the mass-scale associated — 


cellular ion activities (Ca?* , Nat, H*+,K* 
and Cl-) and the development of 


biochemical methods for assessing the 


regulation of protein function. The field of 
cardiac electrophysiology also seems” 
poised for a period of rapid growth with the. 
recent introduction of single cell and patch: 
clamping techniques. Each of these fields 
was represented at a recent meeting* at 


University College London which concen- 


trated on two aspects of the regulation of 


cardiac contraction. The first was that of 
how the low resting level of calcium is 
maintained and how the increase of intra- 
cellular calcium required for contraction is 
produced. The second concerned mech- 
anisms other than changes of calcium con- 
centration which may be involved in the 
regulation of cardiac contraction. 

The role of Na* /Ca** exchange in the 
regulation of intracellular calcium 
dominated the first half of the meeting. 
L.J. Mullins (University of Baltimore) 
suggested that the intracellular calcium 
concentration is controlled by a voltage- 
dependent Na* /Ca’* exchange which, at 
rest, pumps calcium i ions out of the cell in 

for sodium ions that enter by 

wn their electrochemical 
r spect of his model is that 
of the calcium entry 

diac action potential to 





polura on *The Regulation of 


sie? was held on 25-26 March 1982. 


cosminos are the bane of the astronomer’s. 


exchange bring Ca?+ into the « 
extrude Nat. 
(University of Berne). 


during the action potential. 


now required to establish the rel 
Bibugone pe Ca?* ch 


altering | the magnitude of Na*/Ca 
exchange and examining. the. effects 













” Dark matter y therefor: eg 
massive neutrinos or gravitinos, € or 
some more exotic species. of ele 
particle whose presence arises fr 
unification theories that describe the firs 
10°36 second of the Universe. Such. 































life, for they are likely to be foreve 
invisible, yet they provide a potential 
solution to some of his greatest pronlemg. 


this mechanism.. It was auggesied by : 
analogy with experiments on squid axon 
that depolarization. makes the N 








In. contrast, H. 
stressed 
importance of conventional Ca?* char 
in providing the influx of calcium: ion 
Rece 
recordings | from single channels | 
removed lingering doubts about the 
tence of the calcium channel i in: the hea 
is clear that quantitative measureme! 











sity of Edinbur 4 i were ‘concerned y 


contraction. It is clear that small changes 
internal sodium concentration have 
enormous effects. on contraction. These. ne 
effects depend on the membrane potential ae 
and the external sodium concentrationina 
way which is, at least, consistent with the 
predictions of a voltage-dependent 
Na+ /Ca?* exchange model. However, it 
was also shown that changes of internal 
and external sodium concentrations have 
pronounced effects on intracellular pH and 
these may also affect contraction. a 
Evidence that the contractilityof cardiac 
muscle can be regulated by mechanisms __ 
other than changes in the calcium levelswas 
also presented. Direct evidence was 
presented by D. Allen (University College __ 
London) who, using the bioluminescent 
protein aequorin as a calcium indicator, _ 
showed that as well as increasing the cyto-. 
plasmic calcium concentration during con- 
traction, adrenaline reduces the sensitiv i 
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: » phosphorylation | 
: and other proteins, The phoeploriiaion 
allows: the troponin to speed up its release 
of bound calcium and may help heart 
-musele to relax more quickly — of obvious 
importance for the high heart beat rates 
_ produced by adrenaline. Other proteins 
which become phosphorylated in the 
presence of adrenaline include a 
` component of the sarcoplasmic reticulum 
calcium pump and a. ‘surface membrane 
protein. These phosphorylations may 
-therefore affect movements. of calcium 
between the cytoplasm and the 
sarcoplasmic reticulum and between the 
cytoplasm and the extracellular space. It 
_ was suggested by F. Flitney (University of 
St Andrews) that some of these 
phosphorylations could be controlled by 


major. dif ficulty inherent in. studies of 
regulation of contraction is that the 


from Alan E. Bell 
ESEARCH and development i in the field of 





risk pace — in the eighteen months since 


pment efforts and the introduction 
commercial optical di 
ories can be expected in the next few 
ears. Such devices will of fer rapid random 
access (200 ms) to.a database of up to 10 
gigabytes per disk at a cost of 10% cents per 
‘byte or less and seem likely to leap-frog the 
. projected. improvements in the currently 
— ubiquitous magnetic data storage media. 
E The impact in many areas of electronic data 
- processing, ranging from. the ‘electronic 
_ office’ to large data-base archives and even 


_ systems, will be profound?, 

The two most critical components of the 
optical memory system are the diode laser 

read/write light source and the optical 


source i is much preferred to the alternative 
as laser ‘sources, mainly because of the 
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~ tage 
regulation of contraction: may be lost. ° as 
circumvent: this problem, S. ‘Winegrad : 
(University of Philadelphia) has attempted 
‘to make cells which are “hyperpermeable’ A 
to calcium ions but which retain larger sub- 
stances within the cell. Using this technique 
he produced evidence for the control of the 
calcium sensitivity of contractile proteins 


the relative levels of cyclic AMP and cyclic | 


igh-density optical data. storage: media 
and devices continue to move forward. ata 


ast reviewed in these columns!, several | 
companies have committed. themselves to. 


isk computer 


to small business and personal computer — 


storage medium itself. The diode laser 


capability for direct modulation of the: 
cal rec od eam be the Japa 4 data 


by phosphorylation of troponin. This 


approach came under attack from D. 


Miller (University of Glasgow) who 
suggested that such cells are not really per- 
meable to calcium ions. It appears that this 
problem must be resolved before the results 
can be unequivocally interpreted. 
Winegrad also described recent experi- 
ments which suggest that a proportion of 
the myosin molecules are normally inacti- 
vated but can be activated by acyclic AMP- 
dependent process, If confirmed, this 
raises the. prospect of an additional | 


mechanism. whereby force. production ino 


and fabrication? of high-power (>40 mW 
_ output at 10 MHz modulation) diode lasers. a : 
have made them available as commercial te 
products, albeit at an initially high cost. in 
“With manufacturing scale-up ere 

improved process. yields, the cost. should É 
how much playb 


rapidly decrease to less than $100 (ref:9). 


The ‘ideal’ optical storage medium has . 
yet to be found and the past year has seen. 
reports of many new recording media and 


configurations, Several new write-once 
(that is, irreversible) recording mechanisms 
have been identified and significant gains 
in the optimization of reusable (that is, 
reversible) media have been made. 
Workers at Bell Telephone Laboratories 


(BTL) have reported the recording charac- 


teristics of irreversible media, micro- 


scopically textured low-reflectivity films of |. 


vacuum-deposited semiconductors'®. The 
textured surface layer (see Fig. 1) is formed 


Fig. 1 Recording mechanisms 


in textured media. HIGH R 


: ~0.05 um 
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| SWELLING MODE 
Fig. 2 Recording mechanisms in hydro- 
genated amorphous semiconductor films. : 
a, Bubble formation; b, ablation; G 
sponge formation 


_ by plasma etching the semiconductor (Sior 
Ge) layer in the. presence of aluminium. 
Atoms. are s] utti 


the aluminium 






cardiac muscle can abe varied. 7 "i s 
s in optical ‘ 
E refection hac A susiy usedin = 
and lifetime. Recent advances in de design E cs o ord dine b e 


aNd do remair : it is no y 


is reduced by the inherent ‘graininess’ ofo 
the textured. surface, and whether the 
plasma etching can. be sufficiently well + 
controlled to act uniformly over disk-sized 
areas(~0.1m*.). o 

Bosch!2, also of BT L, has investigated 
the recording characteristics of amorphous 
hydrogenated semiconductors prepared by 
reactive sputter deposition of the semi- 
conductor material in a gas mixture con- _ 
taining 25 per cent hydrogen in argon at10 
mtorr. Three distinct recording — 
mechanisms are possible, all of which are - 
activated by the effusion of the hydrogen 
from the region heated by the laser beam; a 


process which occurs at a relatively low 
temperature and is strongly dependent on 
the choice of semiconductor. At low 


powers a blister or bubble region (Fig. 2a)” 


forms in amorphous hydrogenated silicon . 
wah semiconductors. At higher powers, 
Mii ablation of the | 





urs, apparently — 
no re-solidified — 





s without | m 





of amorphous- 
nium semicon- l 
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rage medium but recording 
yde laser source is difficult because 

elength of the beam ( ~ 820. nm) isin 

egion of the bandgap energy and 

-absorption is therefore low. 

_ Bubble formation is perhaps the most in- 

























| triguing recording mechanism reported by ` 


_ Bosch and has previously been described 
-by workers at 3M! and Thomson-CSF"*, 
“In the Thomson-CSF approach, micro- 
metre-sized blisters are formed in a thin 
layer of a noble metal alloy (for example, 
Au or Pt alloy) by partial vaporization of 
an underlying polymer layer. The scatter- 
-ing of the read beam by the blister results in 
a relatively low effective reflectivity of the 
r blister compared with. the undisturbed 
planar regions (Fig. 3a). Workers at 3M 
and others! have combined the bubble 
forage medium with the anti- 
n trilayer structure!'6 (Fig, 3 
layer increases optical efficiency 
the | 









blister forms in the uppermiost 
| ber) layer the interference properties 
which ‘cause the structure to have low 


reflectivity are unbalanced and a high- 


reflectivity blister region forms. One 
advantage of the. blister approach is its 
ial. for: ied sober at We SNR. 






T nt. te a recorded in a polycrystalline film by briefly. 
yo melting (~ 50 ns) the crystalline material, 
e and the subsequent rapid cooling (~ 10% 
_ 74) ‘freezes’ the random atomic structure 








: mec hos his been disclosed by workers at 
2 IBM", A layer of amorphous silicon is 
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8 RILAYER MEDIUM - 
node recording media. a, 
on. in single layers; b, 
) in trilayer structures. 


< uvity att 
s generated. by the absorptior : 


nated semiconductors provide 7 | 
ing beam energy causes the two layers to 


papih Ser eri ‘vee ‘rather than: 
those of the bubble-forming absorber 
layer, relatively refractory and stable 
materials can be used for the latter without 
arnad the recording en ity nor- 


react and form a microscopic mark con- 
sisting of relatively highly reflective noble 
metal silicide (Fig.4). This approach 
provides archival stability but appears to be 


relatively insensitive. Unfortunately, if an 
attempt to improve sensitivity is made by 
choosing metals (such as Pd) which form 


silicides at relatively low temperatures, 


then the rate of reaction between the layers, 


even under room temperature storage 
conditions, leads to an unacceptibly low 
archival lifetime for the disk. 

For a number of data storage 
applications, for example the filing of 
legal, financial and medical records, the 
write-once storage media discussed above 
provide a positive guarantee that. the 
records have remained unchanged since 


input. Nevertheless, computer-operating- 


systems have evolved for a period of 30 


years with data storage devices that offer 
erasure and rewrite capability. Two poten- 
tial candidates for reversible optical 
storage media that have been intensively _ 


investigated are the chalcogenide alloys 


such as TeGeAs!? and magneto-optic 


alloys such as MnBi” and GdCo?'. 
The chalcogenide alloys exist at room 
temperature in either the crystalline | or 


amorphous form, each having different 


optical properties. An amorphous mark is 


of the melt to produce an amorphous solid. 


Recrystallization (that is, erasure) can be 


accomplished. by laser beam heating the 
amorphous region to a temperature above 


‘the glass transition temperature but below 


the melting point. If the temperature is 


maintained for longer than about } ys, 


the amorphous dot is annealed and so 
returned to the original polycrystalline 
state. Bell and Spong?* demonstrated 
reversible optical recording of video signals 
with an encapsulated tellurium trilayer 


disk. The encapsulation inhibits the 


irreversible process of hole formation 
during the molten phase of the 
amorphization step. Despite earlier 
reports? indicating limited cyclability of 
chalcogenide alloys it was found that with 
pure tellurium up to fifty record and erase 
cycles were excuted on a single track. with- 
out significant deterioration of signal 
quality. 

In contrast to the chalcogenide alloy 
phase-change materials, the number of 
cycles of magnetization reversal possible in 
conventional magnetic media appears to be 
unlimited. In reversible magneto-optic 
materials, magnetization reversal is accom- 
plished by Curie-point writing or other 
techniques In Curie-point writing the 
magnetization of a micrometre-sized region 





| of the film is reversed by first using the record. 




























tye SUBSTRATE A 

‘Fie. 4 ioe bilayer approach. . 
laser beam to heat temporarily. the aie 
above the Curie temperature and. then © 
cooling in the presence of an external. 
magnetic field oriented antiparallel to the 
initial (perpendicular to the substrate) | 
magnetization direction. The presence of 
the magnetization reversal is detected by 
the sign of the Kerr or ‘Faraday polarization 
rotation produced in light respectively 7 
reflected from or transmitted by a mag- 
netized layer. In the past, playback SNR- 
has. been limited by the low optical signal 
contrast between oppositely magnetized — 
regions, It has been known | for some time”, : 
















henifcont i increase in aaa ure can ead 
and ‘thus PNR on | playback, ‘The 































films (s 10 nm). 
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sinemioty devic 
years. Much further research into the 


: trom Helen Saibil 


: Many: recent papers suggest that cyclic 
GMP plays a major role in visual 
2 transduction, relaying the light stimulus 

from the visual pigment, rhodopsin, to the 
sodium channels of the retinal rod. Until a 
w years: ago it was thought that this role 
as exclusively, played by calcium ions, but 
ew results suggest that calcium and 
lic GMP interact to regulate the sodium 
onductance. — 








ual pigment. in the rod outer segment 
) disc ‘membranes, changes the 
Ci trati 
yntrols the conductance of sodium 
1 the ROS plasma membrane. 
i ainel (or carriers) allow a 
tinual sodium influx, or dark current, 
ich is reduced by the absorbtion of even 
single photon of light. It is this reduction 
(rather than an increase) of ‘dark current’ 
that brings about the neural response to a 
visual stimulus that is transmitted through 
> retina to the brain. It was originally 








ored Ca?* from the discs because it was 
own that Ca2*+ blocks the sodium 
yductance (see refs in ref 1): The recent 





ase of Ca?* from rods supports the idea 
yat light causes the required rise in cyto- 
plasmic free Ca?* (refs 1,2). But recent 
papers on the sequence and kinetics of a 
-series of enzyme reactions in ROS provide 
~~ evidence for another mechanism in which 
rhodopsin bleaching controls the concen- 
tration of cGMP. l 

-As reported in these pages about two 
< years ago’, rhodopsin bleaching can 
-rapidly decrease cGMP concentration in 
= ROS (see refs 46). In contrast. to Ca**, 
`- injection of cGMP depolarises the rods, 
~ and delays the subsequent photoresponse’. 
Cat could thus act as a positive trans- 
‘mitter, absent (or bound) i in the dark and 
released by light to block channels® and 














ht reducing its concentration and 
llowing channels. A close. . AS well as 
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esi within the next few 


; Absorption of light by heo: the 


ion of a cytoplasmic transmitter 


proposed | that bleached rhodopsin released 


iscovery of alarge and rapid light-induced © 


GMP could act as a negative transmitter 
keeping channels open in the dark, with 


m King’s College, ee 





ical : arrays ie will permit Lene high ( to iho “Bound GD 
Mbytes s ay record and piace: data 
rates. | Pee ©: 






molecule can cataly ad many such. 


kai 





‘exchanges sequentially. Each G-GTP in 
turn activates many cGMP phosphodies- 


` terases (PDE) which hydrolyse. cGMP to 


‘Rival transmitters in visual transduction 


antagonistic effects on some 
phosphorylation levels in ROS’, Various 
combinations of Ca**+ and cGMP have 
been proposed to function as intracellular 
transmitter; these are reviewed ina recent 
collection of articles on the subject!® which 


physiological and biochemical approaches 


5'GMP..G and PDE, as well as a rhodopsin 
kinase, ate bound to the cytoplasmic 
surface of discs!®. G slowly hydrolyses 
bound GTP back to GDP, an activity 
which earned its original name GTPase’, 
switching off PDE activation. The 
rhodopsin kinase may deactivate R* by 


. ATP-dependent phosphorylation tref. 6, 


but see ref. 9). 
Changes i in the far-red light scattering of 
ROS suspensions that were found to be © 


` elicited by a brief bleaching flash!” are 
“now being used one. the kinetics of the | 
raises. the exciting prospect that electro-. earlier pari the en 2 





may be brought together from opposite tor 


- ends of the transduction process. str 
The central question is how photo- po: 


excited rhodopsin controls the sodium dises so tha 
conductance. From the outside of therod,  « meh tly rela 
electrophysiologists have sought to vin e 


characterize the sodium channels and 
the process controlling their conductance. 
From the inside, biochemists have looked 


for reactions activated by © photoenetes 


rhodopsin (R*). 
The first approach, using intact, 


functioning. rods, has yielded precise 
information on the electrical response, 
showing that the transduction process has. 
- four major delay stages and that a single. 
-photoisomerization causes many channel 
closures (summarized in ref 11). Electrical 


recordings also establish that excitation 


and light adaptation are both mediated by 


diffusible. transmitter substances. in the 
outer segment 2-14, They do not, however, 
provide information on the chemical 
nature of the controlling process, that is, 
the link between R* and transmitter con- 
centration, To study this, biochemists have 
isolated and broken open outer segments to 
get at the cytoplasm where R* activation of 
the transduction takes place. This has led 
to the discovery of an enzyme cascade 
which links rhodopsin bleaching to cGMP 
hydrolysis in the ROS cytoplasm, a chain 
of reactions with close parallels to hormone 
receptor-adenylate cyclase activation*}>. 


mission {increase in turbidi 
pensions in the absence of C 
_ formation of a 1:1 R*-G. corner 
-This ‘binding signal” satur: À 


| mission, the so-called 





naed ‘binding of Gt 
Kühn, in collabor: 
Michel- Villaz and Chabre 
show that the light-induce 


th Bennett, ae 











ol in n iraga, N 





available G is bot 
rhodopsin | in native | RO 
GTP. is present, 





occurs as the G-GTP. dissociates fon i 
R*. ‘This ‘signal is seen only when GDP- 
GTP exchange occurs and it saturates at 


-<0.8 per cent bleaching. Moving on to the 


next stage in the cascade, PDE activation, 
Bennett! used. light-scattering techniques 
in parallel with the proton release method 
of Liebman and Pugh® to follow cGMP 
hydrolysis: It begins soon after the onset of 
the dissociation signal (Fig 2) and has the 
same dependence on nucleotides and light 
intensity, showing that PDE activation by - 
G-GTP®# is rapid. a 
The rod electrical response has a charac- 
teristic s-shaped delay which shortens with a 


Fig.1 Photoexcited rhodopsin (R*) binds G-protein and catalyses its exchange of bound GDP for 
GTP. G-GTP dissociates from R* and activates the phosphodiesterase (PDE) which hydrolyses 
cyclic GMP. The sodium conductance is decreased by Ca?+ and increased by cyclic GMP. 


Cytoplasm 
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a Dissociation signal 
s R*-G-GDP-+R* +G-GTP 





: Time (s) 


% Transmissio 





~ Binding signal 
R*+G-GDP+R*-G-GDP 


& 


Fig. 2 Far-red light-scattering signals 
induced by rhodopsin bleaching in a sus- 
~ < pension of ROS fragments or from washed 

_ discs reconstituted with isolated enzymes. 
The binding signal indicates the formation 
stable 1:1 complex between R* and G. 
‘he dissociation signal results from GDP- 
oro on G. Hydrolysis of cyclic 





. “ candidates for he ‘intracellular ieee 


mitter. From the biochemical viewpoint, 
the persistent failure to relate Ca?*+ uptake 
or release to changes in rhodopsin or disc 
membranes”? and the relative completeness 
of the R*-cGMP pathway makes cGMP an 
attractive alternative. From the electro- 
physiological viewpoint, cGMP hydrolysis 
has kinetics comparable to the electrical 


Scrapie agent: prions or virinos? 


from Richard H. Kimberlin 


IN the last few weeks considerable publicity 
has been given to a claim, by Stanley B. 
Prusiner of the University of California, 
San Francisco, that the agent causing 
scrapie — a degenerative disease. of the 
central nervous system in sheep and. goats 
— if a novel kind of proteinaceous 
infectious particle'. The particle,- named 
the ‘prion’ by Prusiner, is claimed to be 
either a very small oligonucleotide 
surrounded by a tightly packed protein or, 
more remarkably, an infectious protein 
that contains no nucleic acid at all. This 
latter possibility is, as Prusiner says, 
‘clearly heretical’ and raises all the 
problems of how a non-nucleic acid- 


di J containing particle can replicate itself. 
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Have. we indeed reached the point where 
the existence of an infectious protein seems 








are questions about its time course in v 
We have had already had toaccept that the 
minor proteins in ROS cannot be dismissed 
as irrelevant to visual excitation; now we 
may have to learn to live with multiple 
regulation of the sodium conductance by © 
calcioni andcGMP. aide 







































determined only on. aide or. r partially 
purified extracts. Second, titration. in 
animals: is sull me anly method of 





















likely? To answer this question Prusiner’s — mole 


work needs to be set in the context of 20 
years’ research in a very difficult area. _ 
In the early 1960s, scrapie was 
experimentally transmitted from its 
natural hosts, sheep and goats, to mice and 
other rodent species, allowing a wide 
variety of experimental models of scrapie, 
novel techniques for identifying different 
Strains of agent and a conceptual 
framework for the genetic control and slow 
pathogenesis of the disease. Equally 
important, quantitative studies on the 
nature of the transmissible agent could 
begin using titration in mice to measure 
infectivity (see ref. 2 for a review), 

Since then, various classes of microbial 
agents, such as bacteria, mycoplasmas and 
viroids, have been excluded as the scrapie 
agent. The agent has many of the biological 
properties of a virus but is ‘unconventional’ 
in its high degree of physicochemical 
stability and apparent lack of specific 
antigenicity. However, we still have very 
little detailed knowledge of the nature of 
the scrapie agent. 

There are two main reasons for this slow 
progress. First, the infectious agent is 
notoriously ‘sticky’: it seems to aggregate 
to cell components and has not been 
sufficiently purified to make biochemical 
characterization easy. Consequently, its 
physicochemical properties have been 


breakdown proteins?*. The loss of 


has produced two interesting lines of — 





























supportir ing. earlier. ob: erva’ + 
scrapie infectivity can be reduced by 
treatments which denature, disaggregate or. 


infectivity is generally quite large and it 
seems reasonable to conclude that. the 
infectivity of scrapie agent involves: 
protein. 5 
However, the unresolved issue is 
whether such protein is ‘contained’ in the 
agent as an integral part of its structure or 
merely associated with it. This leads tothe — 
key question: is there a scrapie-specific 
protein? Neither Prusiner nor anyone else 
has any published data showing that there © 
is, but, for the moment, let us assume that 
one does exist. Conventional thinking. 
would then be that the protein is encoded 
by a specific nucleic acid which forms the 
genome of the agent. However, Prusiner 









evidence which he regards as indicating the 
absence of a scrapie nucleic acid. 

First, treatments known to inactivate 
nucleic acids, even though not speci 
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them, are not found to destroy scrapie 
infectivity. Infectivity is relatively resistant 
to heating at 65°C in the presence of zinc 
ions, to photochemical inactivation after 
treatment with psoralens and to treatment 
with 0.5 M hydroxylamine’. Failure to 
inactivate may, however, simply mean that 
these reagents did not gain access to the 
putative nucleic acid, perhaps because of 
protection by protein forming part of the 
infectious agent or by contaminating host 
molecules. In any case, as Prusiner points 
out, not all viruses are inactivated by 
psoralens or hydroxylamine. 

Second, in preliminary studies using 
detergents and gel filtration, some scrapie 
infectivity eluted between bovine serum 
albumin and ovalbumin markers'. 
Assuming a globular structure for the 
infectious agent, and recognizing the 
potential problems of determining 
molecular weights in this way, Prusiner 
argues that scrapie agent may have a 
molecular weight of 50,000 or less. He 
considers that a proteinaceous agent of this 
size would be too small to contain a nucleic 
acid of more than just a few nucleotides. 

Interesting though they are, these two 
findings are not by themselves compelling 
reasons for considering highly unorthodox 
models of scrapie agent, particularly when 
faced by some of the problems these pose. 
Prusiner suggests three such models. 

In the first model, the agent contains no 
nucleic acid and scrapie-specific protein 
acts as its own template, either directly, or 
by ‘reverse translation’. It is difficult to 
conceive how proteins could code for their 
own synthesis although scrapie models of 
this kind were proposed as long ago as 1967 
(ref. 7). But since then the requirements of 
a scrapie model have become more 
stringent; the copying process must have a 
precision compatible with the existence of 
several different, genetically stable strains 
of scrapie’. 

In Prusiner’s second model, the agent 
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contains no nucleic acid but has protein 
which induces host genes to code for its 
own synthesis. The third proposes that 
there is a very small scrapie oligonucleotide 
which does not code for protein but acts as 
a regulatory element promoting the 
synthesis of agent. In these models, there- 
fore, it is the host nucleic acid that encodes 
scrapie-specific information. This is 
certainly conceivable but difficult to 
reconcile with evidence that scrapie agents 
behave like pathogens with their own 
coded information: the natural disease is 
infectious’, various strains of agent can be 
transmitted experimentally to many dif- 
ferent species 8, some strains give rise to 
mutants '° and strain selection can occur on 
serial passage of mixtures ''. To explain 
these properties in terms of host coding 
introduces a complexity that seems 
unnecessary in the absence of data which 
necessitate it. 

A much simpler working hypothesis 
which fits both established facts and even 
Prusiner’s recent data may be proposed. It 
makes only two assumptions: first, that 
there is indeed a scrapie-specific nucleic 
acid, as indicated by the properties of 
replication, strain variation and mutation; 
and second, that, as in viroids, the scrapie 
nucleic acid is not translated '*. 

The hypothesis has some interesting 
consequences. The scrapie nucleic acid 
could be very small as all it has to do is be 
replicated (using host enzymes) and 
interact in strain-specific ways with the 
host to produce disease. The latter it could 
do by acting as, or coding for, some kind of 
regulatory nucleic acid. Alternatively, 
disease could be a consequence of the 


100 years ago 


Tuar the French should know better than any 
other nation how to enlist art in the service of 
science is just what might be expected. Such a 
service on the part of art to science is a fair 
return for the immense resources which 
scientific research has been able to place at the 
disposal of art. Nowhere have the discoveries 
of science been more useful or more utilised 
than at the celebrated porcelain manufactory 
of Sévres, and the illustrations which we give 
to day will afford some idea of the beautiful 
results which are thus produced. As a 
permanent record of successful scientific 
efforts, nothing could be more satisfactory 
and appropriate. In the figure the 
characteristic features of the Arctic regions are 
rendered with almost perfect success and 
truthfulness. 


From Nature 26, 36, 11 May 1882. 


binding of the scrapie-specific nucleic acid 
to host protein needed to form an 
infectious agent, especially if the protein 
normally has an important biological 
function. Since the protein associated with 
the agent is host derived we have a very 
simple explanation for the apparent 
absence of specific antigenicity. 

This hypothesis may also explain our 
current failure to purify agent or to identify 
it in the electron microscope: if the scrapie- 
specific nucleic acid is covered with host 
protein it may well be ‘sticky’ and hard to 
purify from other host proteins and, unless 
it has a regular, virus-like nucleoprotein 
structure, it could be hard to recognize. An 
agent of this kind would be novel but fit 
nicely into a biological niche lying between 
viruses, which specify some of their own 
proteins, and viroids which need no protein 
at all. The neologism, ‘virino’, has already 
been suggested for a novel agent of this 
kind", and may by preferable to 
Prusiner’s term ‘prion’ because the latter 
emphasizes a molecular species which may 
not be the most important one, as did the 
conclusion in 1935 that tobacco mosaic 
virus was proteinaceous '*. 

However, the main point of these 
speculations is that we do not yet need to 
build hypotheses outside the current 
framework of molecular biology to 
accommodate the scrapie agent. The real 
need is to assemble more hard facts and, 
just as Prusiner' says, this means 
‘*nurification of the scrapie agent to 
homogeneity and the subsequent 
identification of its macromolecular 
components’’; undoubtedly a difficult task 
but not an impossible one. g 


Sèvres Vase, commemorative of the North-East 
Voyage of Baron Nordenskjöld. 
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-Information available on mechanisms of corrosion of steel in concrete : is ved and the need 
_ emphasized fora better understanding of the electrochemistry of the subject and aspects of the physical 
_ performance of the concerete cover in relation to the diffusion of both chloride and oxygen. The 
- ical influence of data obtained from studies in such areas in relation to Honger-tern improvement 










Hirability of reinforced cı concrete is considered. 


t ce of embedding s el bars i in a mixture of Portland 
ae ed ee and water | to n ek con- 





ance OF reiner source aI te pom beep impressive 
and there are many examples of its long-term durability {see 
ref. 2) 


. There are, however, several’ Bee processes which 


affect a minority of reinforced concrete structures leading to gradually transform the paste toa hardened matrix of hydrat 


| loss of serviceability or, in-extreme cases, to structural collapse 
and, a amongst these, the most. common cause of deterioration 
my rosion of reinforcing, steel”, This gives rise. toa familiar 
-sequence of events owing to the volume increase associated 
-with the transformation of stee] to rust which generates tensile 
_ stress within the surrounding concrete and causes cracking and 
_ eventual spalling of the cover to the reinforcement. Some 
a examples of the types of problems and potential safety hazards 
which reinforcement corrosion can cause in buildings are illus- 
‘trated in Fig. 1. Similar corrosion problems are also of major 
importance worldwide in relation to reinforced concrete road 
bridges and marine structures. 

Despite the length of time during which experience has been 
gained of the corrosion behaviour of steel in concrete, there 
are still several important aspects that are not fully understood: 
in particular, the interpretation of information obtained from 
relatively short-term. electrochemical studies, which are 
frequently used as an aid in predicting long-term performance’. 

. Because such investigations often represent the only practicable 
“approach for. rapid assessment of the effects on corrosion 
behaviour of changes in materials specifications, concreting 
ices and so on, it is important to seek improved funda- 
nderstanding of the electrochemistry of this complex 
ystem. 3 
ey briefly the commonly encountered causes of 
corrosion and highlight some main areas s Where 
s considered nncessary. 
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Mechanisms of corrosion protection 


3Ca0 SOS 

aluminate 3 Č -AO ALOQ: | 
(4CaO ALO; FeO.) ‘dn er suit plea, these mine 
yas C38, CS, CGA and C,AF 
Portland cement is mixed with water, the constituent 
undergo a complex sequence. of hydration reactions, whic 











products. The most important reactions, insofar as the develop 
nd mechanical properties are con 





to a gel of calcium silicate hydrates of ill- defined. composition 
and structure. (C-S-H-gel) and to calcium hydroxide produced 
mainly in the form of well- developed portlandite crystals*. In. 
a mature (fully hydrated) sample, C~S-H gel would be expected 
to account for ~70% of the weight of solid material and calcium 
hydroxide for ~20% (ref..5), the eventual porosity and pore. 
size distribution being determined largely by the water/ cement. 
ratio, as illustrated in Fig. 2. ce 
From the point of view of the electrochemical behaviour of | 
steel in concrete, the most significant feature of cement hydra- 
tion is that the aqueous phase rapidly acquires a high pH value. 
Initially, the solution in contact with the hydrating cement grains _ 
contains hydroxides and sulphates of calcium, sodium and ~ 
potassium but sulphate ions are rapidly precipitated to form. 
the highly insoluble calcium sulpho~aluminate hydrate 
(CA 3CaSO, 31H,0) (ref. 6). Thereafter, the liquid becomes - 
increasingly concentrated with respect to sodium and potassium 
hydroxides and, as the pH rises, the concentration of calcium — 
ions decreases in approximate conformity with the solubility- 
product of calcium hydroxide, This state of affairs is reflected 
in the fact that, after a few weeks of hydration, pH values 3 
in excess of 13 are frequently recorded for. Portland 
pastes of iia cement ratios such as are commonly 
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Fig. 1 a, Cracking and spalling in the soffit of precast concrete roof planks resulting from reinforcement corrosion and leading to a loss of 

serviceability requiring roof replacement. b, Corrosion revealed when cracked concrete cover was removed from a number of precast concrete 

fins in a multi-storey car park. c, Propping of a staircase necessitated by structural weakening as a result of reinforcement corrosion (in a 

Middle Eastern structure). d, Spalling of cover to reinforcement in beams, and cracking of columns, as a result of reinforcement corrosion 
in a Middle Eastern building. 


For iron in an alkaline environment, the Pourbaix diagram 
indicates that the metal may remain passive over a wide range 
or potentials’ and a very limited supply of oxygen is sufficient 
to provide the necessary degree of anodic polarization to main- 
tain conditions within this range, as shown by rest potential 
measurement in deaerated limewater’’. Thus, in all but highly 
anaerobic environments, the primary mechanism of corrosion 
protection in concrete involves passivation of embedded steel 
resulting from the chemically inhibitive influence of hydroxy! 
ions. 

The secondary feature of corrosion protection that is pro- 
vided by dense concrete depends on the capacity of the material 
to act as a physical barrier between embedded reinforcement 
and the external environment, limiting the access of substances 
which may play a part in corrosion. In this respect, however, 
it is clear that concrete, with its continuous pore system and 
tendency to form surface cracks, is a far from perfect barrier. 
Thus concrete is not generally effective in excluding water but 
this may not cause corrosion problems unless the pH falls below 
that required to maintain passivity. Where the pH does fall, 
however, corrosion problems can arise even when the material 
is exposed to the air inside buildings provided the appropriate 
circumstances prevail’*. It has also been established that dense 
concrete is normally fairly permeable to oxygen and, although 
the rate of oxygen diffusion is obviously limited by increase in 
the degree of saturation of the material, a significant flux can 
be sustained even through specimens that are fully submerged 
for long periods in water’*. The real importance of the physical 


barrier presented by concrete cover is therefore related mainly 
to its ability to preserve the conditions of high pH needed to 
maintain the reinforcement in a passive condition by limiting 
the rate of ingress of acidic substances from the external 
environment, 

Generally the acidic substances concerned are atmospheric 
carbon dioxide and, in polluted locations, other gases such as 
sulphur dioxide. These react with the alkaline constituents of 
the cement paste to form a carbonated zone which gradually 
penetrates into exposed concrete, reducing the pH of the 
affected region to a value below pH9. 


Loss of protection by carbonation 


The kinetics of carbonation for various types of concrete in 
different environments have been widely investigated and it 
has generally been observed’* that the relationship between 
carbonation layer thickness (x) and exposure time (f) is approxi- 
mately parabolic in form: 


sH ki 

dt 
The magnitude of the proportionality constant (k) depends on 
several variables related to the quality of the concrete 
(water/cement ratio, type of cement and so on) and to the 
environment (temperature, relative humidity and so on). By 
specifying a suitable grade of concrete for a given service 
situation, it is possible to ensure that the rate of advance of 
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carbonation da/d? declines within a fairly short time to a low 
level (<1 mm yr™') Provided the depth of concrete cover to 
the reinforcement 1s adequate, therefore, carbonation should 
not penetrate to an extent which endangers the passivity of the 
steel during the design life of a structure It 1s this principle 
that underlies recommendations made ın codes of practice 


w“ regarding minimum depths of cover appropriate for concretes 


fe 


A 


ae, 


of different quality exposed to environments of varying 
severity” 

It is particularly important when concrete ıs being produced 
in adverse climatic conditions that adequate precautions be 
taken to ensure proper curing of the external surfaces because 
the formation of a weak, permeable surface layer would other- 
wise tend to promote carbonation’? In general, however, prob- 
lems of corrosion arising from carbonation should be avoidable 
in normal density structural concrete, provided that well-estab- 
lished guidelines for constructional practice are followed The 
situation that most frequently gives rise to corrosion risks, 
altogether more serious and difficult to contend with, occurs 
when reinforced concrete contains a substantial amount of 
chloride ton as this may cause depassivation of steel even in a 
medium of high pH such as uncarbonated concrete 


Loss of protection by chloride 


Chlorides may be introduced into concrete during manufacture 
or service Within the former category, there is the posibility 
of deliberate inclusion of admixtures containing calcium 
chloride to accelerate the early stages of cement hydration, a 
practice that 1s now strongly discouraged for reinforced con- 
crete!” There are also many cases of adventitious introduction 
of chlorides as contaminants of the aggregates or mixing water, 
which may be almost unavoidable in certain circumstances 
where the use of locally available resources 1s necessary’? ° 
During service, chlorides from external sources may penetrate 
concrete to levels which exceed normal depths of cover to 
reinforcement within a small fraction of the design life in the 
case of structures exposed to marine conditions??? or to de- 
icing salts?” 73 

Several matters arising ın relation to the behaviour of steel 
in chloride-bearing concretes remain incompletely resolved 
despite long and numerous researches, the corrosive effects of 
calcium chloride ın concrete were, in fact, studied as long ago 
as 1923 (ref 24) We now consider some of the outstanding 
difficulties 
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Fig.2 Pore size distribution curves for mature hydrated ordinary 

Portland cement pastes determined by mercury intrusion 

porosimetry (Penetration volume indicates cumulative pore 

volume intruded by mercury, W/C indicates water cement ratio 
of pastes) 


Potential mV(SCE} 


~500 





Qe" B00 
Q! 7500 

001 800 

Q! 1500 


Current density mA m 2) 


Fig. 3 Potentiodynamic anodic polarization of mild steel in 

hydrated ordinary Portland cement pastes of water/cement ratio 

O 4 containing various percentages of calum chloride dihydrate 
by weight of cement (sweep rate = 1 mV s™}) 


A question of practical importance, that has to be considered 
when chloride-bearing concreting materials are specified or 
when investigations of the durability of reinforced concrete 
structures are made, concerns the threshold level of chloride 
10n which ıs hable to stimulate corrosion of steel in concrete 
As might reasonably be expected, however, bearing in mind 
the range of possible variations in concrete quality and exposure 
conditions, there 1s no simple answer to this question and on 
the basis of surveys of large numbers of reinforced concrete 
structures in Britain, the Building Research Establishment has 
recently proposed a classification for assessing the risk of cor- 
rosion?> Thus for concrete made from ordinary Portland 
cement (or similar), 1t is considered that a low risk 1s associated 
with chloride contents (by weight of the cement) of <0 4%, an 
intermediate risk for chloride contents of 0 4-1 0% and a high 
risk for levels >1 0% The influence of carbonation ın this 
process 1s also considered, the risk being enhanced when car- 
bonation reaches the reinforcement 

Whilst providing sound practical guidelines that are adequate 
for many purposes, the above classification 1s not based on any 
mechanistic interpretations of the factors which determine the 
risk of corrosion in concrete containing a given quantity of 
chloride 1on It 1s therefore limiting ın the sense that ıt provides 
no means for distinguishing a priori between the effects of a 
number of possible sources of variation, for example, the follow- 
ing (1) chlorides associated with different cations, (2) chlorides 
introduced at or after the time of mixing, (3) chlorides intro- 
duced in the presence of other contaminant anions such as 
sulphates, (4) chlorides in concrete made from cements of 
different compositions, (5) chlorides in concrete of varying 
water/cement ratio, (6) chlorides ın concrete cured or exposed 
in different conditions 

Because these and other factors are likely to influence the 
corrosion risk associated with the presence of a given concentra- 
tion of chloride ions, there ıs a need to examine their roles and 
relative importance 


Mechanisms of corrosion of steel in concrete 


The simplest and most reliable method involves long-term 
exposure tests on laboratory-prepared specimens of reinforced 
concrete, a costly and time-consuming procedure but which 
yields results that can generally be considered as a realistic 
guide to practical performance The Building Research Estab- 
lishment have used this approach ın studying the influence of 
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many factors, such as the use of various types of reinforcing 
steel, and found that differences in performance may take 
several years to manifest themselves clearly” 

The alternative methods, that are often used when nforma- 
tion has to be obtained within a restricted time, involve the 
application of various electrochemical techniques They may 
be applied to steel which 1s either embedded ın concrete, mortar, 
cement paste and so on, or else immersed ın a solution of which 
the composition 1s believed to resemble that of the pore elec- 
trolyte in the concrete under consideration With all of these 
methods, there are considerable difficulties ın relating the 
results obtained to the performance of reinforced concrete as 
recorded from service experience or from exposure tests 

In studies involving the use of simulated pore-solutions there 
are fairly obvious uncertainties regarding the nature and con- 
centrations of solutes that should be present Thus ıt has com- 
monly been assumed that saturated calcium hydroxide solution, 
which has a pH value of ~12 6 at 25°C, may be taken as an 
approximate electrolyte for electrochemical studies This, 
however, 1s apparently at variance with the findings of several 
investigations of the composition of pore solutions extracted 
from actual Portland cement pastes or mortars, these have 
shown that, after a few weeks of curing, the pore liquid has 
often become essentially a mixed solution of sodium hydroxide 
and potassium hydroxide with a pH in the range 13-14 (refs 
7-9) The latter electrolyte would be expected to maintain the 
passivity of steel ın the presence of chloride concentrations well 
in excess of the level (~500-700 p p m ) which induces depassi- 
vation in saturated calcium hydroxide” *° 

. Before concluding that a more alkaline solution would con- 
stitute a more realistic model, however, note that the pore- 
solution ın concrete is not buffered at a pH value in excess of 
~pH 126 and several commonplace processes may tend to 
reduce the naturally high alkalinities produced by cements rich 
in sodium and potassium oxides Examples of such processes 
are (1) use of calcium salts, for example, calcium chloride, as 
admixtures which would lead to precipitation of hydroxy] ions 
to form additional calctum hydroxide, (2) ingress of cations 
which form insoluble hydroxides from certain environments, 
for example magnesium 10n from seawater, (3) leaching of 
sodium and potassium hydroxide from concrete frequently or 
continuously exposed to water, (4) diffusion of hydroxyl ion 
from the interior towards the carbonated surface zone of con- 
crete exposed to the atmosphere, (5) simple dilution of the 
pore-solution associated with the cement paste by water from 
‚continuous pores within the aggregates 

It ıs perhaps reasonable, therefore, to consider that, in service 
conditions, the pH of uncarbonated concrete at the level of 
reinforcing bars may often tend towards the buffering range of 
saturated calcium hydroxide?” This suggestion would fit in 
with the otherwise surprising observation that cements with 
high alkali-contents have not been found to provide signifi- 
cantly enhanced corrosion protection to steel in reinforced 
concrete exposed for long periods to chloride-bearing environ- 
ments”™* 

Apart from the question of pH, the other principal uncer- 
tainty regarding the composition of the liquid phase ın concrete 
. concerns the extent of binding of the chloride ions by solid 
hydration products It is well-known that the aluminate and 
ferrite constituents of Portland cements can form incongruently 
soluble calcium chloro-aluminate and chloro-ferrite hydrates 
the former being the more important from the point of view 
of their capacity to remove free chloride ions from solution”? °° 
There 1s also considerable evidence that the CA content of 
the cement has an important role in determining the extent to 
which chlorides included 1n the mix constituents are complexed 
and that this influences the degree of protection afforded to 
embedded steel ın the presence of chloride*”*’ **, this 1s recogn- 
ized ın codes of practice by the imposition of stringent controls 
over the use of chloride-containing materials in concretes 
manufactured from cements of specified low C3A content, such 
as sulphate resisting Portland cement!” 
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Fig.4 Potentiodynamıc anodic polarization of mild steel ın satur- 
ated calcium hydroxide containing various percentages of calctum 
chloride dihydrate (sweep rate = 1 mV s`) 


Nevertheless, there 1s a general lack of information about 
the levels of chloride likely to remain uncombined for long 
periods in the solution phase associated with concretes made 
from various cements in different conditions of natural 
exposure The source of the chloride tons may be significant 
and ıt has been suggested that chlorides which penetrate con- 
crete from the external environment tend to remain un- 
complexed to a greater degree than those present at the tune 
of manufacture?! ** Itis also unclear to what extent the presence 
of various levels of sulphate ions, either as constituents of the 
mix materials or as contaminants entering from the service 
environment, may liberate chloride tons owing to preferential 
formation of calcium sulpho-aluminate hydrates Similarly the 
extent to which carbonation may cause decomposition of cal- 
cium chloro-aluminate hydrates is uncertain 

The above considerations highlight the need for further 
investigations of the solution chemistry of concrete pore elec- 
trolytes, aimed particularly at resolving the role of cement 
compositional variables (such as C,A content and alkali content) 
in relation to several of the possible long-term changes that 
have been identified Examination of solutions extracted from 
concretes, exposed for long periods to different service environ- 
ments, 1s practicable and would appear to be an important field 
for future work 

Whilst improved understanding of the constitution of the 
aqueous phase within concrete would greatly facilitate attempts 
to understand the electrochemistry of steel in concrete by means 
of experiments involving steel electrodes immersed ın simulated 
pore-solutions, the latter can never be an entirely satisfactory 
model The main objection is that the kinetics of diffusion of 
the reactants and products of electrode processes cannot be 
comparable in solutions and ın concrete 

As has been noted previously’ *’, depassivation as a result 
of chioride-induced pitting of steel ın concrete 1s likely to be 
controlled by the rates of diffusion of several substances within 
the material One significant factor ıs the rate of oxygen trans- 
port to the metal surface as this will influence cathodic polariz- 
ation and determine whether the potential of the steel is 
sufficiently noble to support the formation and growth of pits 
at a given effective concentration of chloride and pH (ref 34) 
For reinforced concrete, fully submerged ın a chloride-bearing 
aqueous environment, pitting 1s often likely to be suppressed’ 
and the only question that arises 1s whether the supply of oxygen 
to the steel will be even sufficient to balance the very low anodic 
leakage current density required to maintain the passive film’? 
or whether a low-potentual ‘active’ condition will result?*?’ It 
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has also been suggested that the magnitude of this leakage 
current density 1s itself controlled by diffusional constraints on 
the passage of iron 10ns into the surrounding medium, and may 
vary ın response to change in the surface concentrations of 
chloride and hydroxyl ions** In conditions other than those of 
total immersion, the supply of oxygen to embedded steel 1s 
unlikely to be a limiting factor and the availability and rates of 
replenishment of chloride and hydroxyl ions seem hable to 
govern the anodic behaviour of the metal Notwithstanding the 
controversy regarding mechanisms of chloride-induced pit initi- 
ation, it is generally accepted that pit growth 1s accompanied 
by the development of solution conditions within the pits of 
locally elevated chloride 10n concentration and depressed pH 
{ref 34) Factors which limit the diffusion of chloride ions or 
enhance the diffusion of hydroxyl ions ın the vicinity of inciprent 
pits will therefore tend to promote repassivation One such 
factor 1s associated with the composition and physical barrier- 
layer characteristics of the hme-rich interfacial zone of segrega- 
tion which surrounds steel embedded in cement-rich dense 
concrete’®”’, others are related to the mineralogy and pore 
structure of the hydrated cement matrix and, ın this regard, ıt 
1s significant that effective diffusivities of chloride 10n, measured 
at fixed temperature for different cement pastes of constant 
water/cement ratio, have been found to vary widely? *° Acti- 
vation energies recorded for chloride 10n diffusion in hydrated 
cement pastes indicate that the kinetics are governed by interac- 
tions between the diffusing 10ns and the pore surfaces?’ *° The 
nature of these interactions and the effects on them of cement 
compositional variables represent a potentially useful field of 
continuing research This may have practical applications 
related to the development of hydraulic cements which offer a 
high degree of corrosion protection to embedded steel by virtue 
of their capacity to retard the diffusion of chloride ions*? *” 

The foregoing discussion has indicated several major short- 
comings of electrochemical investigations performed with elec- 
trodes immersed ın solutions To simulate the various dynamic 
factors which may play a part in controlling the durability of 
reinforcement in concrete, ıt 1s therefore necessary to undertake 
studies with electrodes embedded in concrete, mortar or cement 
pastes and several attempts have been made to carry out elec- 
trochemical measurements with specimens of these types As 
wil be discussed, the results obtained must generally be inter- 
preted with considerable caution 

One of the greatest practical problems associated with all 
such investigations concerns the method of masking the embed- 
ded electrode so that 1t may be connected to external apparatus 
with a predetermined part of its surface area exposed to the 
electrolytic medium The avoidance of crevice effects in the 
specimens 1s very difficult and the situation ıs exacerbated by 
the fact that many commonly used lacquers, coatings and gasket 
materials are themselves likely to suffer some degree of degra- 
dation during exposure for long periods to a highly alkaline 
environment such as concrete When quantitative data are 
sought from long-term electrochemical studies of this nature, 
specimen design 1s therefore crucial 1f experimental artefacts 
are to be avoided In particular, we suggest that, ın planning 
such experiments it ıs worthwhile to consider using a range of 
specimens with systematically varied exposed surface area as 
this may facilitate the subsequent diagnosis of misleading effects 
of the type mentioned 

In the case of standard methods, such as potentiodynamic or 
potentiostatic polarization curve determinations, the data 
obtained will depend on variables such as the rate of change 
of potential and they have little prospect of yielding information 
which can be directly related to long-term durability Their 
value 1s purely comparative in the sense that they can be used 
to provide rapid evidence of trends associated with a particular 
variable which 1s altered whilst others are held constant Thus, 
for example, using fixed experimental conditions, different types 
of alloy steel may be graded according to their relative suscep- 
tibilities towards pitting in particular chloride-containing mor- 
tars’, or the relative effects of given dosages of chloride may 
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be examined for steel embedded in various types of cement 
pastes and mortars**~*° 

As the typical data shown ın Fig 3 illustrate, however, the 
levels of chloride that are observed to cause significant effects 
in short-term experiments of this type are often considerably 
greater than those which are associated with a high risk of 
corrosion 1n long-term exposure tests or service Note that the 
concentration of chloride 1ons in the original mixing water of 
the paste specimen containing 4% of calcium chloride dihydrate 
by weight of the cement, which appears to be on the borderline 
between passivity and pitting (see Fig 3), 1s almost 1,000 times 
larger than the concentration required to induce pitting ın 
saturated calcium hydroxide solution (see Fig 4) This scale of 
disparity cannot be adequately explained in terms of the effects 
of chloro-aluminate hydrate formation or the excess hydroxyl 
ions contributed by sodium and potassium oxides ın the cement, 
particularly bearing in mind the pH-depressing action of cal- 
cium chloride** The main factor 1s probably the slowness of 
chloride diffusion towards the embedded steel surfaces, which 
causes pitting to be ‘missed’ even at a relatively low rate of 
potential scan unless very large chloride concentrations are 
present in the pore solution 

Similar considerations apply, in general, to the use of gal- 
vanostatic polarization for examining the response of embedded 
steel electrodes The technique has been useful as a means of 
providing comparative data*“°°° There ıs httle doubt, 
however, that whilst this approach may be more rehable than 
potentiostatic or potentiodynamic methods when small current 
densities are applied, concentration polarization distorts anodic 
behaviour to an extent which makes accurate prediction of 
long-term performance impossible A further disadvantage, 
common to galvanostatic, potentiodynamic and potentuostatic 
polarization curve determinations, 1s that the specimens used 
may be examined once only because of the likelihood of 
irreversible changes being brought about by potential attenu- 
ation over a range of several hundred millivolts, this effectively 
eliminates the possibility of following time-dependent changes 
in the response of individual specimens 

There are various alternative electrochemical methods which 
have been applied to steel ın concrete or similar media in 
attempts to provide data continuously or at timed intervals over 
a period of several months or more The range of techniques 
used has included rest potential measurements’ *', current 
measurement ın potentiostatic conditions in deaerated media”®, 
polarization resistance determination’ **, and ac impedance 
measurement% In addition to the practical difficulties men- 
tioned regarding electrode design to avoid misleading crevice 
effects and so on there are other grounds for caution 1n inter- 
preting data from long-term electrochemical investigations 
carried out in concrete and, even in straightforward rest- 
potential studies, ambiguities can exist as other workers have 
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Fig.5 Movements in rest-potential towards more negative values 
associated with a, passive film breakdown, b, restriction of oxygen 
access 
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indicated*°*° Thus, it ıs well-established that passivity 1s 
frequently associated with a noble potential, which tends to 
increase with tıme towards a steady value, usually in excess of 
about —220 mV SCE (ref 51) as the passive film thickens, 
implying a plentiful supply of oxygen In cases where the rest- 
potential 1s observed to decrease with time, depassivation may 
or may not be implied since the increased cathodic polarization 
may be associated either with passive film breakdown (Fig 5a) 
or with progressive restriction in the supply of oxygen to the 
surface of passive steel (Fig 5b) 

Of the other techniques referred to, ıt would appear that ac 
impedance studies offer the greatest likelihood of resolving 
present uncertainties about the fundamental nature of mechan- 
isms of corrosion rate control ın chloride-bearing concretes and 
simular media Their major advantage in this respect lies in the 
ability to yield information concerning dynamic characteristics 
of the system, revealing ın particular the influence of diffusion- 
controlled processes on the response of an embedded electrode 
In view of the importance which has been ascribed to diffusional 
effects with respect to the mechanism of chloride-induced pit 
growth, 1t would be of considerable interest to compare ac 
impedance data obtained in various concrete or hardened 
cement paste systems, for which chloride diffusion kinetics have 
been studied directly 


Implications for the practical situation 


We have, so far, concentrated on developments of a better basic 
understanding of the mechanisms of corrosion of steel ın con- 
crete However, there 1s also an important practical need for 
such better understanding The minonity of reinforced concrete 
structures which deteriorate prematurely as a consequence of 
reinforcement corrosion do so as a result of poor constructional 
practices, inadequate design and, on occasions, poor quality of 
materials While codes of practice lay considerable emphasis 
on design and general aspects of quality control, ın respect to 
the use of marginal quality concrete materials they give httle 
detailed guidance, it is here therefore where a better knowledge 
of corrosion protection mechanisms especially in relation to the 
microstructure of the matrix, interactions of contaminants (par- 
ticularly chloride and sulphate) and the role of water/cement 
ratio and curing could well lead to wider usage of poorer quality 
indigenous materials without adverse effects on durability At 
the same time, building owners will continue to repair existing 
deteriorated reinforced concrete structures and better under- 
standing of the performance of repairs 1s urgently needed” 
This 1s particularly the case in relation to three factors (1) The 


1 The Durability of Remforced Concrete Buildings Na ional Building Studies Spec Rep No 
25 (HMSO, London, 1956) 
Midgley, H C,Figg,J W & McLean, M J Concrete 7, 24-26 (1973) 
Brown, B L, Harrop D & Treadaway,K W J Building Research Establishment Current 
Paper CP 45/78 (BRE Garston, 1978) 
Lea, F M The Chemistry of Cement and Concrete 3rd edn, 71 (Arnold, London, 1970) 
Diamond, S Proc Conf on Hydraulic Cement Pastes Their Structure and Properites, 
Sheffield, 2-30 (Cement and Concrete Association, Slough, 1976) 
é Roberts, M H Budding Research Establishment Current Paper CP 61/68 (BRE, Garston, 
1968} 
7 Pegum, P, Rubaud, M, Longuet, P & Zelwer A Cah Cent scient tech Baum No 
130, Cahier 1109 (1972) 
8 Longuet P, Burglen, L & Zelwer, A Revue Matér Constr Trav publ Cim Betons, 676, 
35-41 (1973) 
9 Barneyback, R S$ Jr & Diamond, S Cem Concr Res 11, 279-285 (1981) 
10 Pourbaix,M Atlas d’Equtl bres Electroachimiques 307 (Gauthier-Villars, Paris, 1963) 
11 Hausmann D A Mater Prot 6, 19-23 (1967) 
12 RILEM Technical Committee CRC Report Mater Struct Test Res 9(51), 187 (1976) 
13 Gjorv, O E, Vennesland, O & El Busaidy, A H S ın Proc Corrosion/76, Pap No 7 
NACE, Houston, 1976) 
14 Roberts, M H Burlding Research Establishment Information Paper IP 6/81 (BRE, Gar- 
ston, 1981) 
15 Treadaway K W J Proc Symp on Corrosion of Steel Reinforcements in Concrete Construc- 
non London, 1-14 (Society of Chemical Industry, London, 1979) 
16 Page,C L Bull Inst Corros Sct Technol 77, 2-7 (1979) 
17 British Standards Institution Code of Practice CP 110 1972 Part 1, The Structural Use of 
Concrete (as amended May 1977) 
18 Fookes,P G & Collis, L Concrete 10, 14-19 (1976) 
19 Crookes R N Proc Symp Corrosion of Steel Remforcements in Concrete Construction, 
London 31-42 (Society of Chemical Industry, London, 1979) 
20 Gyorv,O E & Vennesland, O Cem Concer Res 9, 229-238 (1979) 
21 Browne, R D & Geoghegan M P Proc Symp Corrosion of Steel Remforcements in 
Concrete Construcuon London 79-104 (Society of Chemical Industry, London 1979) 


u bo 


ta oe 


diffusion of chloride through concrete (both ın marine structures 
and where contact. between chloride contaminated and uncon- 
taminated units occurs) (2) The redistribution of anodic and 
cathodic sites ın the concrete following repair (particularly in 
the substrate concrete) (3) The electrochemical interaction 
between repair and substrate materials and its influence on 
corrosion at the interface 


Conclusions 


Work should be undertaken ın the following areas to improve 

practical understanding of mechanisms of corrosion and protec- 

tion of steel in concrete 

è Continued examination of the pore liquid in concrete at 
various stages of hydration and in different environmental 
conditions of curing and exposure 

è Further investigations of the distribution of chloride (at a 
range of concentrations) between the solid and solution 
phases of hydrating cements and the relationship of this 
distribution to cement type 

è Fundamental electrochemical studies of the performance of 
steel electrodes in electrolytes simulating pore solutions and 
complementary electrochemical studies on steel/concrete 
systems 

@ Studies of the diffusion rates of chloride through uncontami- 
nated cement pastes and through those contaminated with 
chloride and/or sulphate 

è Studies of oxygen diffusion through cement pastes and con- 
cretes, particularly in underwater exposure 

è Development of improved electrochemical monitoring tech- 
niques for laboratory experimentation and in situ measure- 
ment of corrosion rates in structures, which accommodate 
difficulties arising from the high electrolytic resistance of 
concrete, and from crevice effects at electrode edges 

è Investigation of the mechanisms of macrocell development 
in chloride contaminated concrete, especially in relation to 
concrete repairs 

Improved understanding in these areas would have wide scope 

for application to the construction of durable reinforced con- 

crete structures in adverse conditions and to the evolution of 

successful repair techniques The economic benefits to be gamed 

from solution of the problems outlined above are therefore 

substantial 
This review ıs based ın part upon research carried out at 

the Building Research Establishment of the Department of the 

Environment and this paper 1s published by permission of the 

Director CLP gratefully acknowledges the financial support 

received from the SERC 
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The Voyager 2 UV spectrometer observed a stellar occultation by the rings of Saturn, which located ring features with 
an accuracy of 12km A high-resolution (3 km) optical depth atlas of the rings shows at least nine features, including 
four density wave patterns, identified with satellite resonances Analysis of these density wave patterns yields the first 
surface mass densities for the A ring and, together with our optical depth atlas, a total rng mass of 6.4 x 107° Saturn masses 


IT has long been customary to link certain gaps and boundaries 
observed in the rings of Saturn to the locations of resonances 
with several of Saturn’s satellites Most notable ın this regard 
has been the association of the outer edge of the B ring with 
the location of the Mimas 2 1 resonance The vastly creased 
spatial resolution of the rings available from Voyagers 1 and 
2 has made it possible to pursue this activity with much more 
confidence, however, the new clearer picture of the rings is 
complicated by two factors First, the rings contain a vast 
number of radial features on all scales Second, the newly 
discovered inner satellites have greatly increased the number 
of potential resonances with which one has to contend Both 
of these factors have led to the suggestion of numerous possible 
associations’ * To resolve any ambiguities a further increase 
in spatial resolution, together with a reliable distance scale for 
the rings ıs necessary Both of these criteria are met by the 
stellar occultation experiment performed by Voyager 2 

Some of the first Voyager 1 images of the rings were used 
by Collins et al’ to produce a list of observed features and 
possible corresponding resonance locations involving Titan, 
Iapetus, Hyperion, Mimas and the co-orbital satellites 1980S1 
and 1980S3 The uncertainty in the absolute location of ring 
features, however, was +500 to +1,000km Later Voyager 1 
and 2 images showed wave-like patterns associated with several 
A ring features These features were suggested as being near 
to areas where two or more resonances coincided* A more 
positive identification was provided by Cuzzi et al” who ana- 
lysed Voyager 1 images of the Cassini division showing density 
waves due to the Iapetus 1 0 resonance Further evidence of 
density waves associated with the 198081 2 1 resonance was 
provided by the Voyager photopolarimeter experiment® which 
obtained stellar occultation data simultaneously with the UV 
spectrometer 

The ring features which we describe here are located near 
the inner Lindblad resonances with the external satellites of 
Saturn Many theoretical consequences of such resonances, 


“including tightly wound spiral density waves propagating 


radially outward from the resonance location, were first dis- 
cussed by Goldreich and Tremaine’ (also see refs 5, 8) 

In general these resonances are described by a ratio of two 
integers of the form //(m — 1), which represents the approximate 
ratio of the mean orbital motion of a satellite to that of a ring 
particle Resonances of importance in Saturn’s rings can be 
classified into two types’ Type I resonances, where / = m, are 


usually the strongest and are independent of satellite orbital 
eccentricity, while type II resonances, where /=m+1, are 
weaker, being proportional to the first power of satellite orbital 
eccentricity A special type I resonance case occurs when /= 
m=1 Here the rate of the apsidal advance of a ring particle’s 
orbit equals the mean orbital motion of the satellite We will 
refer to the three resonances of this variety present ın the rings 
as apsidal resonances An additional class of resonance con- 
sidered here involves resonances ın the rings due to the rotation 
of Saturn Such resonances depend on an azimuthal asymmetry 
in the gravitational figure of Saturn 

The locations of the resonances used here are those of 
Lissauer and Cuzzi® who have computed the locations and 
strengths of expected satellite resonances using the zonal har- 
monics of Saturn’s gravitational potential through J, These 
locations differ slightly from those given by Collins et al ` and 
except for the apsidal resonances are believed to be accurate 
to within +10 km Expected resonance locations are shown in 
Fig 1 together with normal optical depths (7) of the A, C and 
portions of the B ring observed by the UV spectrometer 


6 Sco occultation 


During the Voyager 2 Saturn encounter the UV spectrometer” 
observed an occultation of the bright BO 5 IV star 6 Scorpu by 
the rings of Saturn The occultation began as the star emerged 
from the atmosphere of Saturn at 23 45 07 UTC 25 August 
1981 and continued for 130 min During this time the apparent 
path of the star traversed the entire ring system from the D 
ring to beyond the F ring with a mean radial velocity of 
10 3 kms’ Throughout the occultation the UV spectrometer 
obtained a complete 912-1,700 A spectrum of 5 Sco every 
0 32s, yielding a resolution of ~3 3 km ın the rings A pre- 
liminary discussion of the UV spectrometer ring occultation 
results ıs given elsewhere’? The data from which the normal 
optical depths of the rings were derived are the result of sum- 
ming an entire UV spectrum to yield a single intensity measure- 
ment at an effective wavelength of 1,125 A These intensity 
data were then corrected for instrumental background and the 
effects of spacecraft limit cycle motion Normal optical depths 
have been computed from the ratio of the attenuated to the 
unattenuated signal and corrected for the 28 71° angle between 
the line of sight to ô Sco and the plane of the rings Details of 
the data reduction will be presented elsewhere 
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Many of the identifications of ring resonances presented here 
rest on the absolute radial locations obtained for the associated 
features A brief discussion of the accuracy of these determina- 
tions 1s therefore appropriate For a star occulted by the rings, 
the location of observed ring features depends only on the 
apparent position of the star, the precise trajectory of the 
spacecraft relative to Saturn coupled with the timing of events, 
and the location of Saturn’s rotational pole The uncertainty in 
the apparent position of ô Sco, after corrections for proper 
motion, parallax and aberration of starlight 1s negligible 
(<0 1 km in the ring plane) The trajectory uncertainty projec- 
ted on to the ring plane is of the same order as the uncertainty 
due to the UV spectrometer time resolution, 2 4 and 3 2 km 
respectively The dominant uncertainty, at present, 1s due to 
the location of Saturn’s rotational pole Errors in the location 
of ring features produced by this factor are difficult to estimate, 
but use of various pole locations derived from Voyager trajec- 
tory analysis as well as pre- Voyager determinations cause loca- 
tion changes of <20 km ın the rings 

Fortunately, ıt ıs possible to compare directly the distance 
scale used here with the locations of features seen ın two 
additional stellar ring occultations observed with the UV spec- 
trometer from Voyagers 1 and 2 These are a Voyager 1 ob- 
servation of « Herculis and the Voyager 2 entrance of 6 Sco 
through the opposite side of the rings Both of these occultations 
extended out to 1 43 Rs (1Rs= 60,330 km) The locations of 
all recognizable features ın these three occultations are in 
mutual agreement to within 12 km except for one ringlet known 
to be eccentric from imaging data If we make the reasonable 
assumption that this agreement ıs not just coincidence but rather 
a consequence of symmetry in this part of the C ring, then 
we can be confident of our absolute distances to this level 
Ultimately it should be possible to reduce the locational un- 
certainties to 6 km or better 


Detected and undetected resonances 

The recently discovered small inner satellites of Saturn’, 
198051, 198083, 1980826, 1980827 and 1980828 all possess 
numerous resonances within the ring system Because of the 
small mass of several of these bodies only a fraction of these 
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Fig 1 The normal optical depths 
in the rings observed by the 

) Voyager 2 UV spectrometer 
| These data, which have been plot- 
\ ted at a resolution of ~15 km, span 
Ay the entire C and A rings and 
} include those portions of the B ming 
j containing resonances discussed in 
this report The expected locations 
of these resonances*® are indi- 
cated by arrows a, The C ring and 
the inner portion of the B ring b, 
The outer portions of the B ring, 
Cassini division and the A ring 
Optical depths between 195 and 
1983 Rs are preliminary due to 
present uncertainty in the space- 
craft limit cycle in this region The 
resulting uncertainty in the Cassini 
division mass (Table 2) 1s perhaps 
as large as 50% Precise ring boun- 
daries observed by the UV spec- 

trometer are given in Table 2 
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resonances are important Of these, the type I resonances due 
to the leading, more massive, co-orbital 1980S1 are trongly 
evident in the rings Figure 2 shows full resolution data for the 
six type I 1980S1 resonances seen in Fig 1 Three of these 
resonances display characteristic density wave structure (2 1, 
5 4,6 5) while the 3 2 and 4 3 resonances are more chaotic 
These will be discussed more fully together with other reson- 
ances ın high optical depth regions of the rings, however, one 
point is unique to 1980S1 resonances The interchange of the 
orbits of 1980S1 and 1980S3 which occurs every 4 yr '', changes 
the resonance locations of 1980S1 by 10-15km A ‘kink’ in 
the wave train of approximately this magnitude will develop 
(S Tremaine, personal communication) and propagate outward 
at the wave’s group velocity’ In the ~960 days (ref 11) between 
the last interchange and our observations, these waves have 
travelled roughly 60 km from the 2 1 resonance of 1980S1 and 
over 100 km from the other type I resonances This effect may 
cause a slight error in our subsequent determination of the 
surface density at the 2 1 resonance The 7 6 resonance 1s 
coincident with the outer edge of the A rmg The smaller 
co-orbital, 198083, has resonances which occur 30-45 km 
inward of the corresponding 1980S1 resonances These reson- 
ances are not apparent in our data 

Features due to resonances with the two F ring shepherd 
satellites 1980526 and 1980827 are also present ın our data 
(Fig 1) Many of the >50 type I shepherd satellite resonances 
ın the rings are noticeable, particularly in the outer A ring We 
have included ın this discussion only the 2 1 resonances with 
each of these satellites because they occur in low optical depth 
regions Because of their number and lower amplitude, dis- 
cussions of the remaining 1980826 and 1980827 resonances 
will be presented elsewhere There are ~100 1980828 type I 
resonances present in the rings, near the outer edge of the A 
ring they reach a separation of 9km At present there 1s no 
evidence of any features due to resonances with this small 
satellite 

The occultation data show clear evidence (Fig 3) of features 
corresponding to all three of the strong Mimas resonances 
present ın the ring system The strongest and best known 1s the 
2 1 resonance which has long been believed to be coincident 
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with the outer edge of the B ring The two additional Mimas 
resonances are the only known examples of type II resonances 
seen in the rings Apparently, the 0 02 eccentricity of Mimas 1s 
large enough to allow Mimas to exert sufficient torque to create 
observable features of the 5 3 and 3 1 resonance locations 

The only apsidal resonance which we can definitely detect 1s 
the Titan 1 0 which occurs in the C ring (Fig 4) Hyperion 
and Iapetus, being much less massive and more distant than 
Titan, exert significantly less torque at their apsidal resonances 
so that our failure to observe features at these resonances 1s 
not surprising The density waves described by Cuzz: et al? 
near the Japetus apsidal resonance are of too low an amplitude 
to be seen ın our data The stated location of the wave source’, 
however, 1s seen in Fig 1 as the inner edge of the band of low 
t containing the Iapetus resonance The wave source and the 
resonance location are separated by ~370 km 

Finally, we have examined our data for the presence of ring 
features associated with the predicted location of resonances 
with Saturn’s rotational period The possibility of such reson- 
ances has been suggested by Franklin et a/*, who tentatively 
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Fıg.2 The normal optical depths I 
for regions located near the six 
type I resonances due to the co- 
orbital satellite 1980S1 The origin 
of the horizontal scale corresponds 
to the expected location of each 
resonance Spiral density wave 
patterns with characteristic 
damped waves of decreasing 
wavelength are seen exterior to the 
21,5 4and6 5 resonances The 
appearance of the rings at the 3 2 
and 4 3 resonances is more 
chaotic Vertical error bars show 
the single sample norse level at the 
indicated 7 Arrows and horizontal 
error bars show the resonance 
locations deduced from analysis of 10 
the density waves 
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ances with two prominent gaps in the rings seen in Voyager 1 
images Our data (Fig 1) show the 3 2 resonance to be located 
at the outer edge, rather than the centre, of the gap suggested 
by Franklin eta/* The ‘gap’ itself has a distinct non-zero optical 
depth and 1s similar in appearance to several other inter-ringlet 
regions in this part of the C ring The precise location of the 
3 2 resonance falls at the inner edge of the 230 km-wide ringlet 
located at 1434 Rs Doubt as to the significance of any link 
between the resonance and either the gap or ringlet 1s increased 
by the failure to observe the presence of the related 3 4 
resonance Franklin et al* associated the 3 4 resonance with 
the prominent narrow gap between the Encke division and the 
outer edge of the A ring We find this gap to be located at 
2 2627 Rs, 440 km outside the location of the resonance but 
within the +700 km uncertainty of the Frankhn et al * observa- 
tional data At the location of the resonance itself we see no 
convincing evidence of any associated structure 


Resonances in low 7 regions 


The morphology of ring features associated with the strongest 
resonances appears to be controlled by the local optical depth 
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Table 1 Rong features corresponding to resonance locations 
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Surface 
Expected density 
Source Resonance location (Rs)* g (gcm?) 
1980827 21 1 47043 
1980826 2 1 1 49456 
1980S1 2-1 1 59535 70+10 
32 1 92206 
43 2 07635 
54 2 16641 567+12 
(100) 
6 5 2 22549 40T+6 
(110) 
7 6 2 26724 
Mimas 31 1 49503 
Arl 1 94847 
Ja 2 19286 45tt8 
(80) 
Titan 1 0 1 28951 
Hyperion 1 0 1 39499 
Iapetus 10 2 00867 
Saturn 32 1 43163 
34 2 25543 


* IRs = 60,330 km 


Opacity 


K (cm? g~’) Type of feature 


Narrow ringlet/gap 
Narrow ringlet/ gap 
00120 002 Density waves 
n} 

Disturbance 

0 008 +0 002 Density waves 


0 01+0 002 Density waves 

Outer edge of A ring 
Narrow ringlet/gap 
Outer edge of B ring 
(narrow ringlet/gap) 
0 010 002 Density waves 
Eccentric ringlet/gap 
None 

? (Density waves”) 
Outer edge of gap? 
None 


t Measured outside region of enhanced surface density, densities in parentheses refer to region of enhancement 
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Fig 3 The normal optical depths for regions located near the 
three Mimas resonances The origin of the horizontal scale corres- 
ponds to the expected location of each resonance The 5 3 reson- 
ance (a) ıs an excellent example of density waves propagating 
outwards from a resonance location The 2 1 resonance (b) 1s 
located 48 km outside the outer boundary of the B ring but within 
the region over which this boundary ıs observed to vary’ The 
3 1 resonance (c) 1s located at the outer edge of a narrow ringlet 
in the C ring and may interact with the 1980S26 2 1 resonance 
to produce the sharp peak in the ringlet Note the near zero optical 
depth exterior to this ringlet Vertical error bars show the single 
sample noise level at the indicated + The arrow and horizontal 
error bar near the 5 3 resonance indicate the location of the 
resonance deduced from analysis of the density waves 


of the region in which the resonances reside Looking first at 
regions of low optical depth (7 <0 2), we note that there are 
three locations containing major resonances ın the C ring (Fig 
1) The Titan apsidal resonance hes farthest inward, while the 
2 1 resonances with 1980827 and 1980826 are located near 
the outer edge of the C ring, the latter of these two being very 
nearly coincident with the Mimas 3 1 resonance (see Fig 3) 
All three of these resonances occur in regions characterized by 
a gap of lower than average optical depth containing a narrow 
optically thick ringlet The gap associated with the Titan apsidal 
resonance 1s several hundred kilometres wide and completely 
empty The 1980827 resonance 1s situated ın a region of lower 
than average, but apparently non-zero, optical depth while the 
region just exterior to the 1980826 2 1 and Mimas 3 1 reson- 
ance 1s devoid of ring material to within our level of detection 
The Titan apsidal resonance, the only one of these features 
for which there exist multiple UV spectrometer observations, 
ıs associated with a narrow, double-peaked, optically thick 
ringlet of substantial eccentricity*’° The two Voyager 2 UV 
spectrometer 5 Sco occultations locate this ringlet at 111 km 
and 67 km exterior to the Titan apsidal resonance at longitudes 
separated by 149° and 3 53h of time The 1980827 2 1 reson- 
ance and the close pair formed by the 1980S26 and Mimas 
resonances are also associated with narrow, double-peaked, 
optically thick ringlets The Mimas 2 1 resonance at the inner 
edge of the Cassin division also manifests itself ın a gap contain- 
ing an Opaque double-peaked ringlet In this case, not only 1s 
the ringlet eccentric but the inner edge of the gap also varies 
in radius and 1s shaped like an ellipse centred on Saturn? In 
the UV spectrometer data the outer edge of the B ring was 
located 48 km inside the theoretical location of the Mimas 2 1 
resonance At the time of the stellar occultation Mimas, which 
controls the orientation of the B ring’s outer edge, lagged the 
point of observation ın the rings by a phase of 194° This datum, 
when combined with imaging measurements, should give a more 
precise picture of the location and shape of the outer edge of 
the B ring ; 
We do not understand fully why resonances which occur in 
regions of low optical depth manifest themselves as gaps con- 
taining narrow double-peaked ringlets Resonantly induced 
collisions are more likely to clear gaps in very low 7 regions’, 
however, t 1s questionable whether 7 1s sufficiently low for this 
process to Occur even in the C ring, also ın most cases the size 
of the gap ıs larger than the collision predicted width Density 
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waves may also be more effective in clearing a gap ın low surface 
density regions because they will quickly become nonlinear, 
depositing their negative angular momentum over a smaller 
region’ A complete theory of these gaps must involve the 
opaque ringlets embedded within them These ringlets, which 
seem to be characterized by a double-peaked structure simular 
to some of the uraman rings’’, also occur within some non- 
resonant gaps in the C ring Imaging data will be rmportant for 
the determination of the azimuthal structure of these ringlets 
as well as the gap edges 


Resonances in regions of medium and high 7 


The predominant effect of resonances ın regions where 7 1s 
between 0 4 and 1 01s the excitation of density waves We have 
selected for analysis the four clearest examples of such density 
waves, those associated with the Mimas 5 3 resonance (Fig 
3), and the 6 5, 5 4, and 2 1 resonances with 1980S1 (Fig 
2), the 2 1 having been previously studied by Lane etal t The 
two other 1980S1 type I resonances are noisier in our data 
The 4 3 occurs in the inner and most opaque part of the A 
ring and clearly causes some stirring but a clean wave pattern 
is not present The 3 2 occurs in a high 7 region of the B ring 
and is not immediately evident ın our data At present ıt 1s 
unclear whether the lack of observable density waves in the 
highest 7 regions is due to their absence, their confusion with 
the crowded ringlet structure of the B ring’ or simply our low 
signal level when r becomes very large 

One of the theoretical predictions concerning the develop- 
ment of density waves near a resonance 1s the opening of a gap 
just exterior to the resonance’ Not only do we find no evidence 
of density waves clearing gaps, the average r in resonance 
regions is in general higher than that of surrounding regions 
Density waves seem to damp and thereby deposit negative 
angular momentum over a region of several hundred 
kilometres, so it may be that material is brought inwards towards 
a resonance faster than it can be cleared from the region by 
damping of the first wave An equilibrium may be reached 
when surface mass density (g) 1s increased enough for viscous 
diffusion out of the region to create a balance Another possibil- 
ity 1s that collisions alter the particle size distribution by increas- 
ing the numbers of small particles, thereby increasing 7 

The density waves excited at the Mimas 5 3 and at the 
1980S1 type I resonances are also quite highly nonlinear 
(shocked) for the first few wavelengths These waves have a 
distinctly non-sinusoidal character with a sharp peak at the 
location of the shock and a broad flat trough (see ref 13 fora 
theoretical analysis of nonlinear density waves ın galaxies) 

Density waves are a very useful tool for deducing such ring 


« properties as surface mass density and viscosity, unmeasurable 


by any other currently available means” °, however, some cau- 
tion must be exercised First, the shocking of the waves removes 
a great deal of their angular momentum, thus viscous damping 
plays a minor part and any measure of viscosity from wave 
damping would only constitute a crude upper bound (a slight 
phase shift also results when the waves shock, thus changing 
the apparent wavelength between crests, however, this small 
effect should not significantly affect our estimates of o derived 
in equation (1)) Second, the mean (wavelength-averaged) sur- 
face density can be non-uniform over the region of a particular 
wave train (we see evidence of this in the A ring) This may 
lead to problems ın the determination of the resonance location 
as the mean resonance wavelength decreases as o/d, where d 


j Table 2 Ring mass 


Ring Boundaries (Rs) Mass (107° Ms) 
C 1 2342-1 5259 02 
B 1 5259-1 9477 50 
Cassini division 1 9477-2 0232 01 
A 2 0232-2 2676 11 


Total 64 
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Fig 4 The normal optical depths for regions located near the 

1980527 2 1 (a) and Titan apsidal resonances (b) The origins 

of the horizontal scales correspond to the expected location of 

each resonance The horizontal error bars corresponding to the 

Titan apsidal resonance location are due to the uncertainty in 

Saturn’s zonal harmonics’? The vertical error bars ın each panel 
show the single sample noise level at the indicated 7 


is the distance from the resonance'* A more severe problem 
would develop from changing a if we were to try to determine 
viscosity, because the wave amplitude can change significantly 
with changes ın o 

With these cautions in mind we proceed to determine g and 
the opacity K via the following relations 


_0325(m—1)ad 
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where R ıs the resonance locaton in Saturn radu, and the 
wavelength A and the distance from the wave source d are 
measured in kilometres We find that all three of the A ring 
density waves exhibit strong enhancements of local 
(wavelength-averaged) r over the initial 100 km of each wave 
train, indicating that density waves cause changes in local g or 
K We therefore analysed our data separately assuming constant 
a and constant K The assumption of constant o (equation (1)) 
does not provide an adequate fit to the observed wavelengths 
as a function of d The assumption of constant K does, however, 
give a satisfactory fit to the data On this assumption, the 
quantity 7/A in equation (2) ıs determined from the observed 
wavelength-averaged r for each wave The A ring results for 
K and o given in Table 1 and the wave source locations shown 
in Figs 2 and 3 are based on the constant opacity assumption 


Ring boundaries and ring mass 


As we have noted previously, the 7 6 resonance 1s in extreme 
proximity to the outer edge of the A ring (Fig 2) We feel it 
is not chance that the second strongest resonance in the rings 
should coincide with the outer edge of the ring system while 
the strongest resonance, the Mimas 2 1, lies at the outer boun- 
dary of the B ring Satellites exert a torque on particles at 
resonances, removing angular momentum from them and thus 
pushing the particles closer to Saturn A simular satisfactory 
explanation of the inner boundaries of the major rings 1s not 
yet available 

A detailed study of the outer edge of the A ring requires 
azimuthal coverage available only from imaging data We would 
expect a seven-lobed pattern in analogy with the two-lobed 
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oval pattern seen at the Mimas 2 1 resonance Observation of 
more frequently spaced undulations ın the outer edge of the A 
ring boundary would be indicative of the effects of the higher 
m-order resonances present in the region (Fig 2) 

Our determinations of surface mass density at three points 
in the A ring constitute the first such measurements for this 
ring Our single mass density measurement ın the B ring at the 
1980S1 2 1 resonance 1s in good agreement with the 60 g cm? 
at this resonance obtained earlier by Lane et alf All of our 
surface densities are consistent with a constant ring opacity of 
0 01 cm? g~’, as are prevous measurements’ ó Using this result, 
together with our optical depth atlas, we can estimate ring 
masses as follows 


Rg $ Ro 
trdr et | rr dy (3) 
R: 


Ro 
Man =27 | or dr = 2 | Kx 


I R; 


where Mmg 18 the total mass of the ring, r 1s a radius in the 
ring and R, and Ro are the inner and outer ring boundaries, 
respectively The results of these integrations for the mayor 
rings are given in Table 2, together with UV spectrometer 
measurements of the ring boundaries Our determination of 
the B ring mass may be underestimated due to the fact that we 
have assumed a maximum optical depth of r= 2 85 over the 
15% of the B ring where we see no stellar signal Measure- 
ments from other Voyager instruments may help to establish 
accurate optical depths tn these regions The A ring may also 
be more massive if the opacities we determine at the resonances 
are higher than the rest of the A ring due to an enhancement 
of small particles produced by collisions m the shocked region 
of the density waves 
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We find the total mass of the ring system to be 6 4X 107° Mg, 
approximately the same mass as Mimas Assuming uniform ring 
opacity, this total mass could be ın error by perhaps 30% The 
best previous estimate of the mass of the rings was the upper 
limit of 170x107 M; from the Pioneer 11 gravity results’” 
Our much smaller measurement indicates that an actual 
measurement of ring mass 1s probably unobtainable from exist- 
ing spacecraft gravity measurements 


Conclusions 


We have shown that resonances are associated with a wide 
range of morphological features ın the rings In low optical 
depth regions such as the C ring and inner Cassint division they 
are linked with gaps containing narrow double-peaked ringlets, 
while in higher r regions they appear as density waves and 
wave-like disturbances The two strongest resonances are 
coincident with the outer edge of the B ring and the outer edge 
of the Aring Known resonances have a major role in determin- 
ing the structure of the A ring but can explain only a small 
fraction of the observed features in the B and C rings, where 
resonances are less frequent We have analysed the four density 
wave trains to determine their point of origin and the local 
surface mass density These estimates of surface mass density 
in combination with our optical depth atlas make possible an 
estimate of the total mass and mass budget of the ring system 
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Stratospheric condensation nuclei variations 
may relate to solar activity 
D. J. Hofmann & J. M. Rosen 


Department of Physics and Astronomy, University of Wyoming, Laramie, Wyoming 82071, USA 


Observations of increases of stratospheric condensation nuclei suggest a photo-initiated sulphuric acid vapour formation 
process in spring in polar regions It ts proposed that the sulphuric acid rapidly forms condensation nuclei through 
attachment to negatively charged multi-ion complexes and that the process may be modulated through variations in 


solar activity 


THE possible connections between solar variability and the 
weather on the one hand and climate on the other have been 
widely debated’ * In studies of the correlation of solar activity 
with both weather and climate, there has been little or no 
experimental evidence to show by which mechanism minute 
changes in solar energy incident at the Earth’s orbit may be 
transformed to observed weather or climate variations A direct 
coupling through variations in the solar constant has generally 
been discarded in favour of a triggering mechanism which 
utilizes charged solar corpuscular radiation The latter may take 
the form of solar control of galactic cosmic radiation through 
the waxing and waning of solar magnetic irregularities in the 
interplanetary medium The triggering mechanism may also 
appear as direct magnetospheric intrusion of solar flare acceler- 
ated charged particles and/or energetic electrons released from 


the magnetosphere by enhanced geomagnetic activity due to 
active Sun processes 

The intermediary in the solar variation—weather connection 
may be the stratospheric ozone layer which can be depleted by 
the production of nitric oxide during charged particle bombard- 
ment (solar or galactic) of the upper atmosphere and thereby 
may affect the intensity of solar UV radiation in the Earth- 
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atmosphere system It may also take the form of the creation ~ 


of atmospheric ionized species through charged particle bom- 
bardment which alter the electrical characteristics of the atmos- 
phere and thereby modulate the occurrence of thunderstorms 

One of the more effective ways of altering climate, variations 
in cloudiness or the particulate content of the atmosphere, has 
perhaps the least amount of observational support as far as 
solar activity correlations are concerned Increased strato- 
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Fig. 1 Condensation nucle: (r 2001 um) mixing ratio profiles 
during 1979 showing the tıme variation of the high altitude event 


spheric particulates, due to volcanic eruptions, are capable of 
heating the stratosphere and cooling the surface Thus, any 
mechanism which can create material particles in the atmos- 
phere ıs a likely candidate for climatic studies 

Ney” suggested that the logical place to look for solar-weather 
effects was the solar modulation of galactic cosmic radiation 
Later Roberts and Olson* proposed that atmospheric ions may 
serve as condensation nucle: (CN) for the formation of cirrus 
clouds in the 10-12 km region, thus forming a solar activity 
connection with climate Dickinson’ proposed that 1ons formed 
by the galactic cosmic radiation may be important ın the forma- 
tion of stratospheric sulphuric acid aerosol which, in turn, could 
_nucleate cloud droplets ın the upper tropospheric environment 
- With primary ionization control ascribed to the galactic cosmic 
radiation, minimal 10n density at solar maximum would suggest 
fewer growth sites, less competition for the available sulphuric 
acid vapour and thus larger though fewer particles at this time 

The formation of stratospheric aerosol through 1ons has 
largely been neglected Thus, the stratospheric aerosol forma- 
tion models of Rosen et alf and Turco et al’ included only a 
tropospheric source of pre-existing CN which diffused into the 
Stratosphere and served as sites for larger aerosol particle 
growth by accretion of sulphuric acid vapour This assumption 
of a tropospheric source of CN was justified by the measure- 
ments®” wherein the CN mixing ratio peaked just below the 
tropopause and fell off sharply in the stratosphere However, 
the observation of an essentially constant, albeit low, mixing 
ratio from 20km to the highest altitude of observation 
(~32 km) left some room for speculation that a high altitude 
x source (for example, meteoritic) may be operative 

The possibility that this source could be 1onic ın nature was 
not considered because even at typical stratospheric ion con- 
centrations of 5,000 cm™~’, 10n-induced nucleation cannot com- 
pete with heterogeneous nucleation on pre-existing particles 
for typical stratospheric particle concentrations”? and only fol- 
lowing major solar flare particle events (which are very rare), 
can 10n induced nucleation be important 
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Recent observations have cast new light on this problem 
Following the initial stratospheric 10n—-mass spectrometer 
measurements’, Ferguson’ interpreted the results as indicat- 
ing the clustering of ions, forming stable 10n pairs, and suggested 
their possible importance in nucleation processes in the strato- 
spheric sulphate layer 

Arnold and Henschen’? followed the initial positive 10n 
measurements with measurements of negative 1on clusters 
which suggested the presence of sulphuric acid 1n these clusters 
Arnold” suggested that attachment of free ions to these clusters 
could lead to larger multi-1on complexes (MIC), or that they 
may even mutually coalesce He suggested that formation of 
MIC and subsequent growth could result in a gas-to-particle 
conversion mechanism which does not require high gas super- 
saturations In the presence of a supersaturated gas, such as 
sulphuric acid vapour, MIC which have grown to embryonic 
size could act as condensation nucle: Arnold and Henschen’? 
found a pronounced layer of MIC at 30 km having masses in 
excess of 327 AMU and labelled them ‘pre-condensation nucle’ 
These new observations have prompted us to examine some of 
our recent stratospheric particle observations, the results 
indicating that a high altitude 10n—CN relation may exist 


Observations 


We have recently reported*® the observation of an unusual 
increase in the CN (r=0 01 pm) concentration above 25 km 
which lasted about 6 months ın 1979 (March through Septem- 
ber) and some evidence for its repetition in March, 1980 at 
Laramie (41°N) Measurements were made using a balloon- 
borne thermal growth chamber, attached to a light scattering 
particle counter In 1979 the increase was peaked at ~32 km 
with a mixing ratio of ~650 mg‘ above a normal background 
of ~30 mg ™ at this altitude (a concentration of ~9 cm™° above 
a background of ~0 4.cm7’) 

No attempt was made to explain the nature of this event as 
it was not conclusive if the feature was really annual on the 
basis of the data at hand Earlier measurements probably would 
not have detected such an annual event, if 1t existed, because 
the CN growth chamber only functioned satisfactorily to an 
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Fig. 2 Condensation nuclei (r=0 01 pm) mrxing ratio profiles 

during 1981 showing the high altitude event Enhanced CN layers 

in the 13—18 km region were due to the volcanic eruption of Alaid 
on 28 April 1981 
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Fig 3 Condensation nucle: (7 =0 01 um) time variation showing 
the occurrence of the springtime events at Laramie 


altitude of 25km {refs 8,9) The 1980 investigations were 
complicated by the eruption of Mt St Helens in May 1980 and 
while numerous measurements were made, smaller balloons 
were used to study the 20-25 km effects of Mt St Helens and 
the 30-35 km region was not effectively studied until September 
when CN levels appeared normal’’ 

Five soundings during 1979, shown ın Fig 1, indicated that 
the excess CN decayed exponentially with a e`% time of 130 
days As the layer decayed, the mixing ratio peak appeared at 
successively lower altitudes, finally blending into the back- 
ground at about 25 km Initial attempts to explain the event as 
being due to the burnup of a large piece of space junk in the 
atmosphere were rapidly discarded One tonne of such material, 
distributed uniformly in a 10-km thick cloud with a particle 
concentration of 10 cm™° (mixing ratio of 600 mg’ at 30 km) 
would have a horizontal extent of only 38 km for particle sizes 
of 0 07 um (typical CN sizes in the unperturbed stratosphere) 
and 700 km for sizes of 0 01 um, a lower limit of detection for 
the instrument Such a small cloud would not have been detec- 
ted on all five CN flights conducted ın 1979 Considerations of 
a large meteor would result in the same conclusions The 
observation that the CN mixing ratio displays a well defined 
maximum between 25 and 35 km further rules out objects 
entering the atmosphere from space The latter, if observable, 
would display a broad mixing ratio maximum extending to great 
altitudes It was considered more likely that the layers observed 
in 1979 were all derived through in site production at their 
Origin but that variable transport from a source region resulted 
in the observed characteristics 

In 1981 the high altitude enhancement did not seem to be 
present in February, at least in the 25 km region, but ıt was 
very apparent in April and persisted through 12 subsequent 
soundings The data are shown in Fig 2 Some complications 
resulted from the volcanic eruption of Alaid in the Kurile 
Islands in April 1981 but these disturbances were restricted to 
the 13-18 km region’? Figure 3 shows the high altitude CN 
mixing ratio versus time and clearly demonstrates the periodic 
nature of the events 


Discussion 


The observation that the CN events are seasonal, favours vari- 
able transport to midlatitudes from a remote source region as 
there 1s no known seasonally varying production source at 
midlatitude Little ıs known about the nature of meridional 
transport or its seasonal variations at altitudes in the 30km 
region If one associated possible meridional transport with 
regions of high wind speed, then hkely candidates at 30 km in 
the Northern Hemisphere are the polar vortex region at 50~ 
80°N during December-February (v = 20-40 m s7’) and the 
region 0-30° N during June-August (v = 20 m s~’) (ref 19) In 
view of our observation that the enhanced CN layers appear 


AVMLMIC YUL 277 A7 AVA Y LAU he 
in March, the polar regions appear to be the most promising 

In addition, soundings ın Panama (9° N) ın 1976 and 1977 
and in Brazil (5° S) in 1978 did not reveal excess CN mixing 
ratios in the upper stratosphere although the CN detector used 
then was suspect above 25 km (ref 9) 

In view of the more probable source region for the CN 
enhancements being at high latitude, and the fact that multi-1on 
complexes have been observed in a layer at the same altitude 
as the CN enhancements appear, we feel that there may be a 
logical connection between the two and thus possibly a connec- 
tron between solar activity and stratospheric aerosol formation 

The enhancements are not observed until March at the ear- 
hest while the polar vortex 30 km wind system ıs operative 
throughout winter This suggests that excess CN may not be 
formed at 30km during the polar winter night but begin to 
form in spring Thus a sunlight effect in the formation of CN 
appears to be a possible mechanism 

As large aggregate negative ion clusters contain sulphuric 
acid, and since stratospheric CN 1s largely volatile at 150°C, 
suggesting a sulphuric acid composition’®, ıt seems possible that 
a sunlight effect may be manifested through the photochemical 
production of sulphuric acid Thus we propose that production 
of the acid is limited during the winter night while sulphur- 
bearing precursor gases such as SO, following volcanically 
active periods, or OCS, during background conditions”’, are 
transported poleward and build up along with O, Sulphuric 
acid may be formed following the oxidation of SO, either by 
OH or O For relative humidities >1%, OH formed through 
the photodissociation of O, 


03,+hv> OD) +0, 
O('D)+H2,0 > OH+ OH 


is the dominant oxidizing agent while at lower relative 
humidities, ground state atomic oxygen, formed through the 
photodissociation of O, and O3, ıs dominant”! In addition, 
because at least one of the initial steps in the conversion of 
OCS to sulphuric acid in the stratosphere involves photolysis 


OCS + hrv >CO+S 
ıt appears likely that sunlight reaching the polar stratosphere 
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Fig 4 The condensation nucle: concentration at 20km as a 

function of time since measurements began at Laramie in 1973 

The vertical bar ıs the range of concentration observed in four 

soundings over a 12-day period The arrows indicate major vol- 

canic eruptions which perturbed the stratospheric r=0 15 um 
particle concentration 
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Fig. Sor =O, 15 um pagel foading. and the ratio of r=0.15 umo 
to 0.25 am particle loading above 20 km as a function of time 
` since measurements began at Laramie in 1971. Periods when the 
Stratospheric. aerosol was- perturbed by volcanic Eropuogs are 
yi A os | indicated. | 












pring s would enhance the péodiseddn of. HSO; and allow 

ion complexes to grow rapidly into CN and: subsequently be 

s transported to middle latitudes beginning i in March. 

-As the formation of CN in this model is related to multi-ion 
: complexes, it may be related to ‘solar activity which modulates 
the atmospheric ion density through modulation of the galactic 
cosmic radiation intensity, large solar flare accelerated particle 
events, and enhanced auroral activity or precipitation of ener- 
getic electrons during geomagnetic activity. 

To investigate these speculations, measurements of MIC, CN 
and larger aerosol at 30 km are required over a solar cycle. 
Our. measurements of CN date back to 1973 and of larger 
aerosol (r20.15 um) to 1971. Balloon altitudes in the 27- 
29km range were generally attained. Volcanic effects can be 
large i in the 20-km region especially for the larger aerosol. CN 
! also affected by volcanic- eruptions, but these effects are 
tively. shortlived due to rather. rapid coagulation. of 





stratospheric maximum was typically 3-4 following the Fuego. 


_ Conclusions. 
H solar activity. directly affects the stratospheric aerosol, then 


of CN-present in the upper stratosphere so tha 
a monitoring of this important constituent at the hig ne: 
Is e pere YS: It. SEPEN that a Possible. mecha ism, 


the ‘eruption of Mt St Helens which: eey disturbed. str 
spheric CN concentrations from June to August 1980 at 20 
The higher concentrations seem to occur at the timi 
maximum solar activity. In fact, the increasing trend may s 
be the result of an accumulation of high altitude events ove 
the past several years. Most of the increase has taken plac 
since early 1979; sunspot maximum occurred in December 
1979. 2 

Thus there seem to be more particles at solar maximum, at 
least for the CN size range. We can investigate the size aspect 
for the larger aerosol from r2=0,15 pm measurements. By 
measuring two sizes {r =0.15 and 0:25 um), we can calculate © 
a size ratio (ratio of the concentrations of the two sizes) which 
will vary as the size distribution varies, Statistics are poor above 
25 km, but if one integrates the concentration above 20 km, a 
reasonable set of data can be obtained. Figure 5 shows — 
integrated concentration or particle loading (particles em?) 
above 20km for the r2=0.15 um particles and the ratio of 
loading for r= 0.15 um to r 20.25 ym for all soundings which ae 
reached altitudes in excess of 27 km. ‘ 

The period 1975-77 was. severely disturbed at 20 km by the 
volcanic eruption of Fuego™ and the period after May 1980. 
by the Mt St Helens eruption’” and the Alaid eruption in April 
1981"*. The period 1978-early. 1980 appears to have been free 
from volcanic eruption. e 

Sunspot numbers were about 40i in 1973 compared wil £ 
in 1979 so that the 1972-74 data would represent solar inactive. 
conditions and the 1978-80. data an active solar period. The 
data in Fig. 5.do not indicate sizable trends between these 
periods. The size ratio suggests a general trend towards smaller 
particles (a higher ratio) during. the active period. This would. 
accord with the observed increase in condensation nuclei over” 
thé period and thus refute Dickinson's hypothesis that ioniz 
ation control of CN formation could be through the galactic 
cosmic radiation. 

While volcanic effects seem to muddle the interpretation 
they may also be used to clarify ‘stratospheric conditions fo: 
particle growth between. periods. A noticeable effect has-been 
that sabres which formed in the stratosphere following ‘the. 

è substantiall: ~~ 











































































Negra in 1979, St Helens in 1980 and ‘Alaid i in 1981, The ratio 
of r20.15 um to r2=0.25 um particle concentrations at the 


eruption, 5-6 at background in 1978-79 and 6.5-7.5 following - 
the La Soufriére-Sierra Negra, Mt St-Helens and Alaid erup- 
tions. Thus the data are consistent with smaller particles forming 
during solar maximum periods. É 
The parameters which control the size to which particles grow — 
in the stratosphere are the amounts of H,SO, and HzO vapours. 
available and the number of condensation sites present. While 
the Fuego eruption may have injected relatively more vapours 
than the other eruptions, it is of interest that the background | 
CN levels were considerably higher at the time of the recent 
eruptions compared with the time of the Fuego eruption. Higher 
levels of condensation sites would result in generally smaller — 
particles due to increased competition for the available sul- 
phuric acid and water vapour. Thus, if increased ionization: 
activity during solar maximum results in enhanced levels of ion 
complexes which form CN, then one would expect volcanically = 
created particles to be smaller during solar maximum, as has 
been observed. = 










this influence is probably most readily observable int 
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' se pair transposable DNA element of | Pécherichia coli, contains two genes. One gene, which oR. 
an apparent molecular weight of 12,300, is, together with its promoter, completely contained within a 
ch encodes: a protein a molecular weight 37, 000. The two genes are transcribed in opposite directions. 












sre ee oa ot information on structoral and genetic 
properties o of these elements, the a of T itself 



































on " Several. mädels. a transposition ‘propose | a 
Sp ae, 


vided both molecules involved are circular DNA 
r0lecules). -Co-integrated molecules have been detected inthe 
eases of Tn3°, 181’, IS903* and several others. In the second 
= step, the co-integrated intermediate is resolved. General re- 
_ combination or, as has been shown for Tn3°*, site-specific 
„recombination in recombination-deficient (recA) cells, can per- 
form. this step. This pathway of transposition is now widely 
_ accepted for Tn3, although it is still unclear for other elements. 
In the 5,000 base pair (bp) element Tn3, the region carrying 
- the functions required for transposition is at least 3,800 bp long 
and contains, two genes plus an internal resolution site (IRS) 
. for site-specific recombination®?""’. Tn501 and Tn1721'* 
appear to be similarly organized and, together with Tn3 and 
several others; constitute one class of large transposable ele- 
ments. A different model for transposition, not requiring a 

co-integrated structure as an intermediate, has recently been 
proposed for the transposable element mu (the 38,000 bp 
genome of. bacteriophage Mu) on ‘the basis of electron micro- 

pic observations". 
A | additional class of sranaposable elements is represented 





be disce vered in Escherichia coli'®"®. They are considerably 
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tep reac ‘In the first step, a transposition intermedi- 
with co-integrated donor and recipient DNAs is formed 


ertion. as) elements, the first transposable elements _ g 
that may be inserted proximal to t 


* Present address: Department of Molecular Biology, University of 


smaller. (800-1, 500 a and do not carry any detectable 


-phenotype although they are autonomously transposable. The 


mechanism of transposition of IS elements remains to be eluci- 
dated, but their genetic organization is’ expected to differ from 






because their coding capacity is restricted 
tions of the DNA sequences of several ir 





first one. This reading frame is in opposite orientation. to the 
longer one and has the same codon-codon. register. Here we 
present evidence for the simultaneous expression of two pro- 
teins from both opposing reading frames on ISS under the 
control of element- coded transcription and translation start 
signals, 


Two promoters on IS5 precede the large 
and small reading frames 


Analysis of the DNA sequence of insertion element Iss 20-22 


revealed two overlapping reading frames in opposite orientas- 


tions. If both reading frames represent functional genes they 
must be preceded by start signals for transcription and transla- 
tion. To test ISS for potential promoters we cloned different 


ISS DNA fragments in front of a structural gene whose gene , 
product could easily be measured and which did not possess a / 


promoter. Plasmid. vector pKO1 (ref. 25), which carries the 
galactokinase structural gene without a preceding promoter 
sequence, was: used, Readthrough of ribosomes from any gene 
galactokinase gene is 
prevented in this vector by nonsense codons i in all three reading 









frames. DNA sequences inserted into restriction sites in. front 


of the. galactokinase gene could thus be tested for promoter 
















that of the large transposable elements of the Tn3 type mainly 


Say, 
















|. Recent determina- _ 
sertion elements (ISZ, 
IS2, 184, ISS, 18903 and IS702)*'’? have revealed an open. 
reading frame extending over most of the elements’ lengths. A 
‘corresponding protein has only been detected for IS4°*. Inter- 
-estingly, all these elements also possess a second, shorter read- 
‘ing frame of significant length and totally contained within the 
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jonot the small EcoRI pene of PFRI. “The construction 
28 has been described earlier”. Plasmid pKO1 (ref. 25) consists 
ment of pBR322. DNA from the Pvull restriction site at position 
hich is destroyed) to the EcoRI site at position 4,361 plus the 
galactokinase gene. Single restriction sites for EcoRI, Hindli] and Smal 
_ are located proximal to the galactokinase gene, followed by translation stop 
“codons in all three reading frames’ Eè j, A translation start sequence 
. precedes the galactokinase’ zene (=): There is no proximal promoter 
z Sequence that could give significant transcription of the galactokinase gene. 
Plasmid pFR2 was. constructed by substituting the 17 bp HindIlI-~Smal 
fragment of pKO1 with the 357 bp Hindll-Haelll fragment of pFR1 
containing the right end of ISS up-to the first Hael li site (IS 5--1,195-980, 
ISS: sequence coordinates as in refs 20, 21). Plasmid pFR4 was similarly 
< constructed, but the HindIl~Peull fragment of pFR1 containing the left 
~ end of IS5 USS5:1-517) was used as the substituting fragment. For the 
construction of pFR3, pKO1 was cut with HindIII, treated with calf intes- 
tinal alkaline’ phosphatase and ligated with the HindIII fragment of pFR1, 
which contained the entire ISS element. To construct pFRS, plasmid pFR1 
s. digested with Hindlll, Bglll and Prull and the resulting frag- 
ere separated on a 1.2% agarose gel, The 585 bp Hindli -Bgl 
e 339 9 bp. SPRIT Peal iia were pone and the 















cand the 10 t p Sau3A-Poull i a eni was ede 
ith the! 385 3 HindIl-Bgill fragment and PKGL DNA 












dependent transformants® were analysed for- the Structures 
mids present using Sau3A digests as well as Hindit- Taal and 
aell double digests. To construct pFR6,a975 bp HindIll-~Bst EU 
















from. individual transf 














, BamĦHi fragment of pFRIO giving rise 


i, Poull, Hindill, BamH, Pstl and Haell. Plasmid pFR 


7 activity. Figure 1 shows the. pertinent structures: of vector rpKO1 
-and its derivatives harbouring different ISS DNA fragments. 
Table 1 shows the Gal phenotypes on indicator plates of galK~ 
strains: harbouring these plasmids, as well as the amounts of 
galactokinase expressed by the various plasmids in vivo and in 
ll-free system. Nucleotide map positions are those given in 
ation of ISS is defined with respect to its integra- 
cl gene of bacteriophage A in mutant AKH100 
: 26), and. its short EcoRI arm (right arm) points towards 
eginning: of gene cI. The source of the different subfrag- 
ments inserted into pKO1 was pFR1 (Fig. 1), which contains 
the 1,195 bp ISS element on a 1,720 bp Hindili fragment 
derived from AKH100 DNA. 
Plasmid pFR2 contains the right arm of ISS up to the Haelll 
site at position SJ: 980 inserted in front of the galactokinase 
gene as a Hindlll-Heelll fragment. The data presented in 
Table 1 show that a promoter of moderate strength active both 
in vivo and in the cell-free system, is located on this cloned 
fragment, In addition to ISS sequences (ISS: 980-1,195), the 
Hindli -Hael fragment contains an internal segment of the 
AcI structural gene, A: 38,150-38,291 (G. Hobom, personal 
communication), known not to contain any promoter sig- 
“8 We therefore conclude that a promoter, ps, which 
towards. the centre of ISS, is located on the right 
ment, Deletion of the hybrid vector insert EcoRI 
pFR2 results in a Gal” phenotype on transforma- 
K strain (pFR7, data not shown). This defines the 
yetween the EcoRI site on ISS (ISS: 1,097) and 
lement (SS: 1 ,195). The localization of a 
jote this egion agrees with the prédiction 

















ent: (which contains the left-end of ISS up to ISS: 548: the: BstET] site lies 8 bp to the right of the Haelll site at I85:540, not marked in the Figure}: was 
solated from pFR1 DNA. This DNA fragment was digested with Haelll and the resulting fragments. separated ona 7.5% acrylamide gel and eluted. The: 105 bp A 
rägment bordered by the Haelll sites at ISS: 435 and IS5-540. was ligated into pKO1, cut with Smal and treated with calf intestinal. alkaline phosphatase ; A 
ys | ants were analysed by double. digestion with EcoRI and Ponti and with: Taqi and Prull.. Plasmid pFRii was: constr as 
diii fragment of pFR1 was inverted by digestion of pFR1°-DNA with Hind and. re-ligation. (2) The plasmid containing 
SstEll and BamHI, and both resulting fragments separated on a 0.8% a 
95, the Acl part plus pBR322 sequences of pML2 from position pBR322:29 to position 375 (ref. 46), was restricted. with — 
garose gel. (4) The BstElN~Haell fragment (ISS: 543-838) and the Haell~BamHI. fragment (pBR322: 236-375) were eluted, | 
Breit and BamHI to eliminate’ head-to-head ligation products. (5) The large BstEN-BaimHI! fragment containing the pML2 f 
together with additional ligase, Small lysates were made from individual transformants and identified by restriction with endonucleases 
One plasmid (pFR10) carried a deletion of pFR8 from the Hael site at ISS:838 to the Haell site at pBR322 coordinate 236 | 
p pFRI O carries a deletion of the C-terminal part of the tetracycline gene, the small EcoR\-Baml 
1. The structure of pFR11 was verified by analysis 


ł contains the promoter, translation start and 104 amino acids of the ISS small reading frame 
lus leader and. coding ee of the larger tetracycline: gene which, when transcribed and translated, would BINS a protein of 450-amino acids. 
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o agarose. gel and eluted. (3) The smaller: of the 








agment of pBR322 was substituted 
th restriction endonucleases: EcoR 


of a promoter (psi) at ISS: 1, 175-1, 139 from the sequen 
data*’. This promoter precedes the long open reading fra 
ISS. Galactokinase activity was significantly reduced wh 
of ISS was inserted proximal.to. the. galactokinase gene int 
same orientation as the ISS fragment in pFR2 (pFR3). Thi 
reduction in expression of galK may be due to partial termina 
tion of transcription at- a terminator Sequence, fs, located on. 
the left arm of IS5*°. u 

Cloning of the left arm of 185 {as HindlI-Peull trapin É 
into pKO1 in front of galK (pFR4; Fig. 1) resulted in synthesis 
of galactokinase in a cell-free system but not in vivo (Table 1). 
This rather low but significant promoter activity should be. 
located in the ISS segment of this fragment, because the Ac 
segment also present, which contains the end of the AcI gene 
and the beginning of the ArexA gene (A: 37,727-38,153. G. 
Hobom, personal communication) should not code, in. this- 
orientation, for any promoter reading towards the galactokinase | 
gene”, Deletion of the DNA between the Bglll site at 
IS5: 158 and the Sau3A site at ISS: 409 within pFR4, giving — 
rise to pFR5 (Fig. 1), did not abolish the observed promoter 
activity (Table 1). 

The position of this promoter was mapped more precisely 7 
by constructing hybrid plasmids each carrying one of the- 
different fragments that can be generated by Haelll digestion- 
of the 975bp DNA segment between the HindIII site at 
À: 37,727 and the BstEH site at ISS: 548. The fragments. we 
inserted in front of the galactokinase gene in both. poss 
orientations. Only one of the HaellIl fragments (185: 43: 
was capable of promoting galactokinase synthesis. in. 
free system when inserted into pKO1 PR Tabl 



























a <a ` coli strain N100 (galK. recA) was transformed with the different plasmids 
> indicated and Gal phenotypes were detected on McConkey galactose ampicillin 
“agar plates. N100/pFR2 colonies were immediately red on these plates whereas 
-> N100/pFR3 developed red colonies only. after 1 day incubation at 37°C. All 
other plasmids gave white colonies in N100. Galactokinase synthesis directed by 
oo. the various plasmids was also measured ir strain N100. Bacteria were grown to 
Asj,=1.0 in minimat salt medium supplemented with casamino acids and 
glucose, collected by centrifugation and frozen. Cell-free synthesis. of galac- 
| tokinase directed by the different plasmid DNAs was carried out as described by 
_-Zubay. et al.*? with modifications“. Synthesis was for 45 min with 40 ug mi 
cof plasmid DNA. Galactokinase was assayed from the frozen cells or from the 
cell-free reaction mixture as described elsewhere****“*, Galactokinase. activity 
` is expressed in nmol of '*C-galactose phosphorylated per minute-and per 1.0 Assa 
“bacteria in vivo) or per ml reaction volume (in the cell-free system), Galactokinase 
synthesis directed by plasmid pKO1 alone may be explained by readthrough from 
a promoter p, of pBR322, which is the most efficient promoter present on pBR322, 
< Jovated-around position 2,900 in clockwise orientation**. Data given represent 
the average of three or more independent measurements with variations not 
exceeding 3 units for the in-vivo assays or 5 units for the cell-free assays. 

























ER in this clone is the same relative to galK as to the 
small reading frame in ISS (Fig. 1). This DNA fragment overlaps 
with the beginning of the ISS small reading frame. Its promoter 
activity can, therefore, be correlated with a DNA fragment 
immediately preceding the ISS small reading frame. Other 
brid plasmids directed galactokinase synthesis | in this system 
to the level of pKO1.or below (data not shown). 

The 105 bp Haelll DNA fragment in pFR6 contains the 
quence. CAAATTG (IS5:479-485) which qualifies as 
a Pribnow box and, in the ~35 region, the sequence 
CTTGGTAGCC”**”, We suggest that this promoter, which we 
have called ps,, is the transcription start signal for the IS5 small 
gene. The position of the ps, promoter is thus different from 
its localization on the basis of sequence analysis (ref. 20). There 
are two possible translation start codons for the ISS small 
reading frame at ISS: 495 and ISS: 525, coding for proteins of 
118 and 108 amino acids respectively. The location of the 
Pribnow box at ISS: 479-485 suggests that translation starts at 
IS$: 525, where a translation start codon is preceded by a 
Shine—Dalgarno”' 
vivo may indicate that its activity is negatively regulated, poss- 








io Fige? Expression of proteins encoded 
by ISS in a cell-free protein- 
synthesizing system and in minicells, A, 
results obtained with *°S-methionine. 
Cell-free protein synthesis was carried 
out as described in Table 1 legend with 
_ 5§-methionine (1,007 Cimmol™; 
20 pCi per 100. pl assay}. Minicell- 
producing strain P678-54 was transfor- 
:: med with the different plasmid: DNAs, 
inoculated 1:50 into LB. medium con- 
taining ampicillin (30pgml') and 
grown overnight. Isolation and labelling 
-of minicells were performed. a 
` described previously’* using 0.5 Agoo 
units of minicells and 40 yCi *°S- 
methionine © (1,007 Cimmolt*) in a 
_ total volume. of 0.5 mil.. Proteins 
- {10° cpm. per track) were separ- 
ated on 12.5%. SDS§-polyacrylamide 
--gels** and. the gels were dried and 
autoradiographed. ‘The position of 
-standard protein s size markers are indi- 













sequence. The absence of activity of ps, in- 





sonar Ne E ‘colt RNA \ polymeras e (P. 
communication). . Aa, 


Expression of two proteins from 


opposite strands of ISS DNA 


Plasmids containing all or part of ISS DNA (Fig. 9 were used 
to direct the incorporation of ™S-methionine into proteins 
synthesized in a cell-free protein-synthesizing system and in 


minicells (Fig. 2A). In both systems, pFR1, which contains the. 


entire ISS element, directed the synthesis of a protein with an 
apparent molecular weight of 37,000 (Fig. 2A, lanes b, f). This 
protein was not detectable when the parental vector DNA 
(pML2) was used as template (lanes a, e). Another plasmid 
(pML3), containing only the long EcoRI arm of ISS (ISS: 1- 
1,097), directed the synthesis of the pML2 vector proteins only 
(Fig. 2A, lanes c, g). This is consistent with the analysis of ISS 
sequence data, which leads to the prediction that the NH3- 
terminus and promoter of the ISS large gene are located on 
the small EcoRI arm of ISS (ISS: 1 ,097-1, 195) with direction 
of transcription from right toleft.  - 
Correlation between the ISS large gene of 326 codons and 
the 37,000 molecular weight (MW) protein is fur iêr supported 
by the data obtained using pHL128 (ref. 3: emplate. In 
pHL128, a large ISS fragment from the int ight end to the 















penultimate codon of the large gene at position IS5: 158 on 


the left side has, by- Bglll-BamHI fusion, been linked to a 
foreign DNA fragment containing the dacUV5 promoter 
sequence. This fusion eliminates the carboxy terminus of the 


_ISS protein and the reading frame is extended into the lac 


promoter fragment. The resulting fusion protein should contain 
344 amino acids. As predicted, pHL128 directed the synthesis 
of a new protein with an apparent molecular weight of 39,000, 
about 2,000 larger than the original 185 Protein (Fig. 2A, lanes 
d, h). 

When °H- leucine, the mosť abundant. amino acid in the ISS 
small gene coding sequence (18/108 amino. acids*”*), was used 
for protein labelling using. pFR1 and pML3 as templates, a 


second protein with an apparent molecular weight 12,300 was — 


detected. This protein was not observed with the parental vector 


pML2 as template (Fig. 2B). The ADNA sequences present in 





pFR1 and pML3, as well as the different vector—insert fusion | 2 


sequences in these hybrid plasmids, do not contain any reading 
frame long enough to account for the 12,300-MW protein (G. 
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cated: (*10"). Lanes a-d: cell-free synthesis; lanes e-h: minicell synthesis. a, e, pML2: b, f, pFR1; G g pML3; d, h pHLi28. B, minicells were preparei as 
ibove and jabelled with ’H-leucine (65 Ci mmol ', 130 Ci per assay). Proteins (4x 10*c¢.p.m. per track) were separated on 17% SDS-polyacrylamide gels 
which were fluorographed at ~70°C (ref. 52). Lane k, pML3; L pFR1; m, pML2. C, minicells were prepared and assayed as described above with 110 Ci > 
8 Jeucine (65 Ci mmol”') and 110 Ci *H-arginine (53 Ci mmol™'). Proteins (8 x 10* c.p.m. per track) were fractionated on 12.5% SDS-polyacrylamide gels ` 

: and the radioactive bands visualized by fluorography. Lane n, pBR322: 0, pFRI1. The high background (seen previously”) is due to the low specific activity ~ 


of the tritiated amino acids and the necessity to optimize the minicells’ protein-synthesizing capacity. 











n E. coli K-12 strain: 2 431 A 


and electrophoresed ora 1% © 
+ trágment ya eee j 


x Kröger, personal TEE ands we con- 
conan is the a of the 155: small reene, The | 


he left arm of Iss DNA A n unto tha fo fourth aon Gon 

e end of the smali gene: was fused, in frame, to the coding 

once of the large tetracycline-resistance gene of pBR322. 

e resulting fusion protein would be expected to have a 

a olecular weight of 48,800 if the ISS small protein translational 

‘Start is used. In accordance with this prediction, a 48,000-MW 

protein was encoded by pFRi lin minicells provided with 

tritiated leucine and arginine (which comprise 118 (59 +59) 
out of 450 amino acids. of the fusion protein) (Fig. 2C). 


ISS is present in multiple copies in 
E, coli K-12 genome 
Most of the insertion elements. found in the E. coli genome 


se present in multiple copies (IS#°*, IS2** and IS3°*), 
nof IS4 of which only a single: copy has been 


ost E coli strains tested”*. ‘Hybridization data using 


NTA by coll K-12 stra revealed 


emer a eins 
tained within a net 


present: aoe 

indeed functional: RN/ synth E: 
promoter of the large gene both in vivo ane in a + cell-free. 
system. Both genes are. transcribed and translated in minicells 
and the gene products identified correspond in. molecular weight 
to the values expected from the coding regions of their genes 
(Fig. 2). Activity of the isolated promoter ps, on the other hand 
was only observed in the cell-free system and not in vivo. If 
we assume that both ISS genes carry functions required for 
transposition, this observation bay | indicate a a Pompe regul : 


ri òf fréedon for the 
genes evolved in an antipara 
l ei could be a achieved 


a ‘aatparalil, tone a short reading fr 
codon/< codon register in ae bu ied ‘case. Tt 


feature of. IS elements. a 
We Ai not understand thes sale oct 


We thank K. McKenney fe for t proide lásmiid pKOl befote 
publication, W. Szybalski for bacteriophage AKH100, M 
Kröger and G. Hobom for communicating and discussing. results 
before publication, and P. Langridge and C. F. Beck for care- 
fully reading the manuscript. This work was supported by. grant 
Ra276/2 from the Hetiisclig Forschungsgemeinschaft. p 


Left end Right end. s 
Large gene Pay ie 


en one Rt ne ore isy t> ee +4+ eae wee ore “ae a+r ser ROE ene ae | 


D sos ase éry vos esa oot Sri 


p Sma gene 
5S 


’ 
Agi ii 


elt 1 1. tee Bese! SNORE OR: Cre AEH ERMERMRIE UT Wee Samy WARE ey MORRO CRO OVEM TI! Sr 


Fig. 4. Schematic presentation of the functional structures On. BS: n, 
Ps, denote the locations -of the promoters: functionally. detect 
preceding | the ISS large gene and ISS small gene. respective 
arrows indicate the direction of | transcription. Dots ri 
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€ | (JE! ` ne am) are “encoded bya a gene pn 
consist: E of a dozen or more non-allelic members’. IFN-a@ 
preparations derived from induced human leukocytes or 
-lymphoblastoid cell lines consist of five or more'®’’ species, 
A indicating that many of the genes are expressed in vivo. - 
Normal cells usually do. not produce interferon and do not 
contain detectable levels of interferon. mRNA’. Treatment 
-with inducers such as viruses or double-stranded RNA leads 
to the transient formation of IFN-a and/ or IFN-6 mRNA as 
i well as interferon, 4-24 h after induction’. 
_ We show here that mouse L cells transformed with a cloned 
chromosomal IFN-a,; gene produce correctly initiated IFN-a; 
mRNA in parallel with the appearance of mouse interferon. 
mRNA after induction with Newcastle disease virus (NDV), 
but not in normal growth conditions. Thus the foreign gene 
¿seems subject to the normal control mechanisms of the host 
cell. A preliminary report of this work has been presented at 
the International Meeting. on. the Biology of the Interferon 

tem Rotterdam iw am 1961). 
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ig and 1,2 kb of 3'-flanking sequences, was 


Nagata, unpublished). The plasmid TK-M2 carries a thymidine 
kinase (TK). gene from herpes simplex virus type I (ref. 13). 
The two. plasmids were cleaved at their single SalI sites and 
joined by T; DNA ligase to form concatenates. LMTK™ cells 
were transfected with the concatenates using the calcium phos- 3 
phate method’*’*.. After 21 days in hypoxanthine/aminop- 
terin/thymidine medium’, -TK* colonies were picked. and : 
expanded. | : 
The IFN-a, DNA content of 13 TK“ cell lines (M2/ IFN-1 
to M2/IFN-13) was estimated by Southern blotting of EcoRI- : 


¿cleaved cell DNA'”"* and hybridization with *P-labelled nick- 


translated IFN-a, cDNA’*. All cell lines of the M2/IFN series 


except M2/ IFN-3 contained IFN-a, DNA, ~0.25 to more than 


20 copies per haploid genome (data not shown). : 
. The human IFN-a, mRNA content of the cellular RNA’ was 


‘measured by an S, mapping procedure®®. A 480-base pair (bp) , 
Mboll-Begill fragment of the human chromosomal DNA, which f : 
_ spans the.5' terminus of the mRNA (see Fig 
- 5'-terminailly lab lied at the Balt eni . The denatured fragment 
was hybridized to the | | 2 















6 of ref. 3), was 
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$`. As little as 0.14 ng poly(A)” RNA from 
gave detectable : . 





© © 1982 Macmillan Journals Lid 

























pk lmnie P Ma be dve Fgh T 7 kl i n a p. F 







“1. -Detection 
IFN-a; RNA with 
ermini in trans- 

mouse L cells. 

e. mouse L 























sfected with concat- 
es of the plasmids 
TK-M2 (ref. 13) -and 
< pChr3$-BB, which con- 
‘tains a 7.5-kb BamHI 
fragment from the IFN-a, 
chromosomal DNA”. 
t.6 pg. TK-M2 and 9 ug 
pChr35-BB were cleaved 234- 
_. with -SalI and joined with 
< sHgase. Ten 9-cm plates of 
oox LMTK™ were transfected 
and TK-positive colonies 
‘Selected as described pre- | 
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smid pChr35-HBa © © 
f. 3) was cleaved with BglII (New England Biolabs) and the 5‘ termini labelled with **P-phosphate'*. After Mboll cleavage, the 480-bp 
_ fragment was isolated. Probe (0.01 pmol, 27,000 c.p.m:) was denatured, hybridized in 80% formamide to 50 pg cell RNA, digested with Sp- 
. nuclease (P-L Biochemicals) and analysed by polyacrylamide gel electrophoresis on a 5% gel, all as described earlier’*:?!, A, RNA from 
- uninfected cells. Lanes a-e, 0, 0.14, 0.42, 1.25 and 3.75 ng poly(A)” RNA from interferon-producing human leukocytes’. Lane f, RNA 







from cell line M2/S-33, transformed only with TK-M2. Lanes g-s, RNA from cell lines M2/IFN-1 to M2/IFN-13, transformed with TK-M2 
linked to pChr35-BB. B, analysis of RNA from transformed cells infected with NDV. Transformed cells were grown for three generations 














70°C with an Ilford intensifying screen. 


mounts of this fragment (Fig. 1A, lane b), whereas 50 pg RNA 
im transformed cell lines M2/IFN-1 to M2/IFN-13 (Fig. 1A, 
Janes g-s) did not. There are therefore fewer than 0.5 human 
IFN-a, mRNA molecules with correct 5’ termini per mouse 
cell transformed with IFN-a, DNA (see below for calculations). 
The 480-nucleotide fragment corresponds to completely pro- 
tected probe, and is due, as shown below, to protection by 
complementary RNA longer than the probe and/or to self- 
renaturation. RNA from all mouse lines tested, including the 
line M2/S-33, transformed only with TK-M2 (Fig. 1A, lane f) 


gave a labelled fragment apparently 230 nucleotides long. We 
: found that this fragment and one of ~200 nucleotides 
g. 2) appear on electrophoresis of large amounts of 
gested probe or undigested probe mixed with nuclease 
digested cell RNA (data not shown). 
__ To test whether gene expression could be induced, the trans- 
formed cell lines were infected with NDV and RNA prepared 
11 h later. As shown. by S, mapping, RNA from 8 of 13 lines 
gave the 330-nucleotide fragment (Fig. 1B) indicative of cor- 
rectly initiated human IFN-a; mRNA. The level of this mRNA 
was estimated from the amount of cell RNA per cell (~25 pg)”’, 
the molecular weight of IFN-a, mRNA (~330,000) and the 
intensities of the 330-nucléotide bands relative to those given 
by RNA from induced human leukocytes, ~0.4% of which is 
IFN-a, RNA (N.M., unpublished), We estimate that eight 
of the cell lines contained ~0:5-~10 IFN-a, transcripts with 
correct 5’ termini per cell. No transcripts were found in cell line 
M2/S-33, transformed with TK-M2 alone (Fig. 1B, lane f), 
examine the kinetics of IFN-a, induction, cultures of 
and of M2/S-34 (transformed with TK-M2 alone) 
ted with NDV or mock-infected. After 20 h, media 
nfected cultures contained about 4,000 units mi~! 
tferon, indicating that mouse interferon was 
oth cell lines. RNA was prepared after 4, 11, 20 
ind poly(A)” and. poly(A)” RNA separated by 



























ith hypoxanthine and thymidine but without aminopterin, then infected with an optimal dose. of NDV. RNA was extracted after 11h. 
mples as in A. Lane P u ndigested probe. Lane M, size marker: pBR322 digested with Bspl and 5’-**P-labelled. Exposure for 21 days at 


containing the human IFN-a, gene therefore cannot 

































chromatography on oligo(dT)-cellulose****. IFN-a, RNA wa 
assayed by the S, mapping procedure described above. In 
poly(A)” RNA from infected cultures of M2/IFN-5, correct] 
initiated IFN-a, RNA was present after 11h (Fig. 2, Janel 
and, in lower amounts, after 20 h-(lane c), but not after 4h 
(lane a) or 27h (lane e) ; 


330-nucleotide fragment, The mobilities of the 330-nucleotid 
fragments given by M2/IFN-5 RNA (Fig. 2, lane i) and. b 
human leukocyte RNA (lane k) are the same, implying. that 
the 5' ends of the RNAs are identical. The signal from poly(A)” 
RNA from 150 ug M2/IFN-5 RNA at 11 h after infection (lane 
l) was about 15 times stronger than that from poly(A)” RNA’ 
from 50 pg of the same cell RNA (lane p). About 80% of the - 
IFN-a, RNA is therefore polyadenylated. a. 
The kinetics of induction of mouse interferon mRNA was- 
followed by injecting samples of poly(A)* cell RNA into ; 
Xenopus oocytes and determining. antiviral activity on mouse: 
cells. Activity was undetectable at 4h, reached a maximum at _ 
11 h and dropped to about one-tenth of maximum at 20 h after i 
infection. | Sees 
The identification of human IFN-a, mRNA in virus-induced 
mouse cells depends on the formation of perfect. or almost 
perfect hybrids between the mRNA and the human DNA probe _ 
in stringent hybridization conditions. Human and mouse IFN-a. 
coding sequences differ in about 26% of their residues (G. 
Shaw and N.M., unpublished), so that only very imperfect. 
hybrids could be formed even in non-stringent hybridization. 
conditions. In fact, no fragments characteristic for correctly 
initiated human IFN-a; mRNA were found when 5' prob 
were hybridized to RNA from interferon-producing mouse 
transformed with TK plasmid alone (Fig. 1B, lane f). Theres 
of the S, mapping of RNA from virus-induced mouse 































explained by cross-reaction with mouse interferon mRNA 




























‘a tr iS ipts s 
ning the known 3’ terminus. E sy alter iie | ee 
yeast RNA, “the. S,-treated probe gave several discrete 2 
bands, probably: due to incomplete digestion (Fig. 3, lane a). ag 
Poly(A)” RNA from induced human leukocytes gave three | 
additional protected fragments of 550, 600 and 780 nucleotides — 23 
(Fig. 3, lanes b, c, f). The 3” end of the plus-strand IFN-a, p 504 
cDNA in plasmid Z-pBR322 (Pst)/HelF-2h is 554 nucleotides 434- 
downstream from the BglII site’, accounting for the 550- me 
“nucleotide fragment. The other protected fragments probably 
represent other 3’ ends further downstream. Two or more 3’ 
ends have been found for IFN-a, RNA’ and other RNAs**”°. 
An artefact of the S; assay is less likely. RNA from both 267° 
NDV-infected and mock-infected M2/IFN-5 cells gave the a 
same bands found with induced human leukocyte RNA, albeit 
at different relative intensities (Fig. 3, lanes d, €). This shows 
‘th; both induced and mock-induced, transformed cells contain 
man IFN-q; transcripts with correct 3° termini. As no correct 
ni ai had Heen found i in Heck nese cells, we conclude 
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ji nitiat d far upstream of the“ ‘cap’ ae In ike latter case, 
he labelled probe used previously to map 5' ends would be 
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Fig. 3 $ mapping of 3’ ends of human IFN-a, RNA. T he ee 
pChr35-HBa containing the human. chromosomal IFN-a, 
sequence was incubated with BglII and then with T, DNA poly- 
merase. (P-L Biochemicals) at 15°C in the presence of 0. 1mM 
dCTP”. . After phenol extraction and ethanol precipitation, the 
termini were ‘filled in’ with the Klenow fragment of DNA poly-_ 
merase (Boehringer) in the presence of 0.2. mM-each dCTP,dGTP — 
` and TTP, and 2.4 pM [a-**PIGATP. (NEN). Following cleavage — 
with Bspl, the resulting 1,000-bp Bgill-Bsp fragment (see map. — 
in ref. 3) was isolated. Sy analysis. as for Fig, 1, Lanes a-c, f, g 
0, 1.2, 3.6, 300 and 0 ng poly(A)” RNA from interferon-producing 
human leukocytes’. Lanes d, e, poly(A) RNA (from the prepar- 
ation described in Fig. 2 2 legend) derived from 120 pg cell RNA 
of cell line: M2/TFN-5, either 11 h after. NDV-infection (d) 1 
“mock infection (e). Lanes P and M as in Fig..1. Exposure for 2 
days, except that lanes. f and 8 were “oot for 16h. 








gedit over its full EN giving a signal indistinguishabie 
from renatured probe. — 

To determine whether IFN- “a; RNA i in mock-infected cells 
originated upstream of the cap site, we used a probe with a 
§’.32P-Jabelled EcoRI end at nucleotide 633 in the IFN-a, gene, 
extending upstream to nucleotide ~675 in the 5'-flanking region = 
and continuing 103 nucleotides into the adjoining pBR322 os 
DNA (see Fig, 4). All ‘3’ halves’ of IFN-a, RNA found in the 
experiment of Fig. 3 will be detected by this probe, as the — 

‘eto. and Paoi by EcoRI site lies 372 nucleotides downstream from the labelled 
saat op. le ; Biochemicals, Belll end used for the 3'-end mapping. Transcripts initiated 

m 150p further upstream than position —675 will yield a protected 3 

fragment of ~1,375 nucleotides which is easily distinguished 

from undegraded probe (~1,480 nucleotides); Figure 4B, lane 

e, shows- that RNA from ae aire > Pp vee as 












T, shl Lanes Pand M as in Fig, 1 Us 
for 25 days: eo 
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a S$, mapping of 5’ ends of human IFN-a, RNA in trans- 
med mouse cells. M2/IFN-5 and M2/S- -34 cells were infected 
ith NDV or mock-infected, and poly(A)” RNA prepared after 
1th. A, the plasmid pChr35-675 i is a derivative of pChr35-HBa 
a (ref, 3) in which the EcoRI fragment between ~675 and the EcoRI 
o site of pBR322 was deleted and the new EcoRI site. destroyed 
| [Eco]. pChr35-675 was cleaved with EcoRI and. the 5’ termini 
labelled. After cleavage with: Hhal and Psil, the 1 ,480-bp Hhal- 
“EcoRI fragment was isolated. B, mapping of 5’ ends. The fragment 

- described above (0.01 pmol, 40,000 c.p. m.) was hybridized to 

; poly(A)” RNA derived from 125 pg cell RNA, digested with S, 
<: nuclease at 24°C and the products. analysed by electrophoresis 
> through a 1.6% alkaline agarose gel”®. Lanes a—d, 0, 0.42, 1.25 
and 3:75) ng. poly(A)” RNA from interferon-producing human 
ocytes. Lanes e, f, RNA from cell line M2/IFN-S after infec- 
le io mock inten. £ fx: Lanes g, h, RNA from cell line 















Se Poull, tip BRIZ ¢ cleaved with Ala, both ak att belied. 
a Exposure for 14 days. 


The S, mapping of poly(A)” RNA from induced, transformed 
mouse cells, from the BglII site to the 5’ and 3’ termini and 
from the EcoRI site to the 5’ termini, gives signals identical to 
those found with poly(A)“ RNA from induced human 
leukocytes. We conclude that the induced, transformed mouse 
cells.contain complete human IFN-a, mRNA which has the 
correct termini and is polyadenylated. 


Conclusions 


ase L cells, transformed with a cloned human IFN-a, gene, 

e a low level of incorrectly initiated interferon tran- 
st, if not all, of these transcripts initiate upstream 
Transcripts initiated upstream of the cap site 
oon tes the case of the rabbit B-globin gene 
















mouse L cells adatormed with the IFN-a, 
nfecte with NDV, ey initiated, PoMeRen yates 





TE anscripts appe els of 0.: rands p 
We believe this to be due to de novo synthesis, and not to 
processing of the pre-existing overlong transcripts: if such pre 
cessing were accidental, it is unlikely that newly formed : 
termini would coincide precisely with the 5’ termini of natu 
IFN-a, mRNA. On the other hand, it is unlikely that, in 
physiological conditions, overlong transcripts ‘give rise tọ 
mature interferon RNA by processing, because human 
leukocytes contain no IFN-a-related transcripts before induc- 
tion’’, The time course of appearance and disappearance of © 
the human IFN-a; RNA in mouse cells is similar to that of the. 
mouse interferon mRNA in the same cells, suggesting a com- 
mon control mechanism, Whereas mouse interferon was easily 
measured in the medium, human IFN-a, could not be detected, ; 
probably because the interferon mRNA level was low, and the | 
specific antiviral activity of IFN-a, on human cells is lower by | 
an order of magnitude than that of other human interferons”. 
Induction of interferon mRNA. in normal cells could be 
explained in two ways: (1) although interferon mRNA is synthe- 
sized at a similar rate in non-induced and induced cells, tran- 
scripts are rapidly degraded in non-induced cells but stabilized 
in induced cells. (2) There is no (correct) transcription of inter- 
feron genes in non-induced cells, and induction activates tran- 
scription. The fact that non-induced transformed. mouse. cells 
contain about as many ‘incorrectly. initiated IFN-a, 1 
transcripts as induced cells suggests that, unles 
terminus is required for degradation, the stability of 
transcripts is similar in both cases.. Thus, inductio would no 
suppress interferon mRNA degradation, but rather stimul: 
correct transcription of IFN-a genes, which does not occur 
a measurable extent in non-induced cells. . 
The interferon gene flanked by 3.4kb of 5’- and 1.2 kb O 
3'-chromosomal DNA seems to contain sufficient informatio 
to respond to physiological induction, at least to some extent. 
We estimate that there is about 50 times less human than mouse’ 
interferon mRNA in an induced, transformed mouse cell line 
containing two IFN-a; { genes per haploid genome; this may b 
due in part to the fact that the cells contain many more mou 
interferon genes, probably more than 10 copies per. haplo 
genome. In addition, there may be some incompatibil 
between the human and mouse system, and/or effects due ti 
incorrect positioning of the transplanted genes in the mous : 
genome. : 
Recently, other cloned. genes introduced into host cells have. 
been found to- respond to induction—the cloned mouse mam- 
mary tumour virus genome?®™™ „the rat a2 globulin gene” and: 
a Drosophila heat-shock gene” . Thus, several systems now 
provide an approach to the identification of the DNA sequences: 
responsible for control of transcription. 
This work was supported by the Schweizerische National- 
fonds (3.481.79) and the Kanton of Zürich. We thank S. Nagata _ 
and U. Weidle for plasmids, C. Arnheiter for NDV, M. Streuli 
for injecting oocytes, P. Dierks and J. Fujisawa for [y P]ATP, : 
and C. Arnheiter and J. Fujisawa for helpful advice. 











































































Note added in proof: Ohno and Taniguchi™ have found that 
mouse FM3A cells transformed with the human IFN-6 gene 
produce IFN-8 and increased amounts of IFN-8 mRNA after 
treatment with NDV or poly(D- poly(C). Similar results have . 
been obtained by H. Hauser. et al, i (personal communication). oo 
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: es analysis of Voyager EEE A of divergence 
ain al velo oe of convective > cloud tentures in 


: i Heer that ‘these andie demures vodde ‘at ‘the 
‘maximum of strong easterly jets centred at 41° N planetocentric 


differ from those of the jovian equatorial plumes. 





he northern hemisphere of the planet’s atmosphere. In.the 
egion bounded by 35-42° N, several bright V-shaped features 


planetocentric. ) The large spot is particularly evident in the UV 
images and was seen to persist throughout the Voyager 1 
< observational period from 24 August to 10 November 1980. 
- The- V-shaped features varied greatly in shape during the 
‘observation period but persisted in their longitudinal distribu- 
tion. as they drifted in an easterly jet centred at 41°N. The 
changes in the visible appearance of these features suggests 


the shape and structure of these cloud systems is associated 
with local vertical motions. There is no evidence from the IR 
observation of Hane! er al.’ that these features affect the tem- 
perature structure of the upper troposphere. However, the IRIS 
field of view is large compared with the visible cloud structures 
observed by the imaging systemi’. The IRIS instrument essen- 
tially measures the average temperature for the total region 
seen in the imaging frame. Indeed, any upper atmosphere 
aerosol layers present would further reduce any possible tem- 
ere ture contrasts... : 
: atmosphere of Jupiler we- have shown that the 
lumes are convective cloud structures? 





een ‘estimated by: pro- 
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Jatitude and that the jet is barotropically unstable. The diver- 
gences and local dynamics of the Saturn features. are found to 


-During the encounter of Saturn by Voyager 1, Smith er al.’ 
reported observations of distinct cloud features occurring in 


ve been seen, while at ~29°N, a distinct cloud oval is | 
apparent (Fig. 1, feature 3.) (All latitudes in this article are. 


that they are convective clouds where the rapid variations in- 


4 and their 


sity Collage L London (UCL) oe 


cloud systems. Using this information, we then calculate the 
vertical velocities which relate to the observed changes in the 
cloud structures, In addition, we measure the wind speeds of 
the clouds in the latitude band 30-45°N and estimate the 
stability of the flow for the period of the observations. These 
new measurements provide valuable insight into the variations 
of the cloud structures and through comparison with our jovian 
studies* this will provide information on the differences 1 in the 
observed meteorologies. 


For this study, a series of blue filter narrow angle images of = - 





Saturn was used. The observations were 


de for the period 


3-8 November 1980 when the spatial resolution varied between _ 2 


120 and 60 kim pixel *. 

The images were first radiometrically dedalibrated at the Jet 
Propulsion Laboratory (JPL) using the: standard procedures’. 
To provide.an accurate navigation of the images that transforms 
the line and sample system into a planetocentric latitude/ longi- 
tude coordinate system, two independent procedures were used. 
At JPL, the method used simultaneous wide and narrow angle 
frames to locate the centre of the planet from which the sub- 


sequent transformation is then determined”. An interactive | 


4 


procedure, developed at UCL, uses a ‘least-squares’ minimiz-. 
ation method to fit an ellipse to the image, constrained by the 


spacecraft navigation and camera data. We have shown else- 
where® that both of these methods produce similar results 


although the error in determining the position of the centre of 
the planet becomes greater than 1 pixel when. 20% or less of 
_ the planet’s limb is available (see ref. 7). | E 
Measurements of velocities of the upper clouds in the Saturn 


atmosphere have been made by interactively tracking individual 
features observed in the images. The techniques have been 
shown® to be accurate to within +3ms”' in zonal. and 
meridional winds at-a spatial resolution of 60 km pixel”! and 
produce results that compare favourably with other schemes’. 
The velocities are measured relative to the SYSTEM III radio 
period of 10 h 39.4 min (ref. 8) using images separated by time 
intervals of 10-20 h. Considerable contrast enhancement of the 
image was first necessary to show clearly the cloud elements 
tobe tracked. 

The measurements of the divergence of the V-shaped clouds 


were made by the procedures set out in ref, 4, ‘The sequence 


of 10 blue narrow angle images were first map projected into. 


a Mercator format centred at 41° N using a single pixel interpo- 
lation scheme developed at UCL’. Then, the divergence of _ 


We estimate the area of the convectively active region from 
the assumption that the brightness in the cloud system, which 
we have previously shown*™' to be a reliable approach. 


If we now assume that the vertical motion in the layer of - 


these features was estimated from the changing. cloud areas. 


outflow takes place over a vertical scale D, then the vertical — 


present tee ihe first menemene a of ‘divergence of saturnian “the 





ey requived to ‘produce the observed divergence field is: s 
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Fig.1 Sequence of eight blue Mercator narrow angle images of the mid-latitudes of Saturn. The dates and times of the images are: 15:05:22, 
3 November 1980; 11:57:22, 4 November 1980; 22:11:46, 4 November 1980; 08:25:22, 5 November 1980, 20:46:58, 5 November 
1980; 17:22:10, 6 November 1980; 12:08:34, 8 November 1980; 22:24:34, 8 November 1980. 


Figure | shows the variation in the V-shaped cloud structures 
for the period 15:05:22, 3 November to 22:24:34, 8 Novem- 
ber 1980. All times are GMT at the spacecraft. This time 
sequence clearly indicates the large morphological change in 
the convective cloud structures. At the edge of feature 2, 
considerable developments in the clouds become apparent in 
the final three images of the sequence. Figure 1 shows less 
noticeable changes during this time. 

The third main cloud feature seen in Fig. 1 is the UV spot. 
The prominence of this feature at short wavelengths is con- 
sistent with it being higher than its surrounding clouds. A well 
defined flow pattern can be seen to the west of this feature in 
Fig. 1, which is morphologically similar to the ‘turbulent’ regions 
to the west of the Great Red Spot and White Ovals on Jupiter. 

In Fig. 2, we summarize the basic characteristics of the 
motions in the mid-latitude region bounded by 30-50° N. The 
mean zonal velocity is shown in Fig. 2a; a strong easterly jet 
is situated at 41° N which corresponds to the apex of the V 
features. We find also that the strongest shear occurs along the 
southern edge of this jet. The small inflection in the zonal 
velocity profile at 42-43° N is associated with small changes in 
the cloud morphologies. 

To discuss the significance of these results and the stability 
of the flow, we estimate @, d°a/dy’, and their associated 
errors, using the procedures set out in ref. 11. The measured 
zonal flow is composed of contributions from the mean flow, 
the eddies and errors which arise from effects of spacecraft 
navigation, preprocessing of the data and uncertainties in the 
identification of individual features. Following the procedures 
of Ingersoll et al.'', we estimate the error in @ o(@) as 
+5 ms '. We compute d’a@/dy* at latitudinal position y, by: 


(d?ai/dy*),, = (G,.+2— 2, + %,-2)/ Ay, 


where Ay, = Yn+1— Yn- 

Then the error in d? ā/dy? is ~+vV6ø(ñ)/Ay* (ref. 11). 

The stability of the retrograde jet may be investigated by 
examining the barotropic stability condition for a zonal velocity 
ü (see, for example, ref. 12), given by: 


B-d’a/dy* =0 
where B =(22/r).cos 8, Q is the planetary rotation, r the 
planetary radius (local radius or curvature), 0 the planetodetic 


latitude and y the northerly direction. In Fig. 26, we have 
superimposed the value of 8 with d’a/dy’, while the additional 


Geodetic lat. 


Geodetic lat. 





d*a/dy? (m™'s"'x 107") 


Fig. 2 The dynamical properties of the region 30-50° N derived 

in this study. a, The zonal wind @ is shown with lo r.m.s. values. 

b, The curve for d°ai/dy* , together with the value of 8 at 41°N. 

The central curve is the variation of d’ū/dy’. The curves at the 

left and right show the variation in d°ii/dy* when the errors are 
taken into account. 
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flow lies outside the latitudes of 37-42° N. 


- Figure. 3 shows the divergence of these active regions. There 


is little change in the characteristics of the UV spot, which is 


CS - apparent from the image sequence seen in Fig. 1. The changes. 


|. in area shown in Fig. 2 for the convective features were used 
___ to determine the 90% of maximum brightness threshold con- 
tour using the procedures described in ref. 4. These variations 
in area of the active clouds may then be used to estimate the 
-divergence of the features which are shown in Fig. 3. As 
expected, feature 2 is the most active, with values reaching 
_  ~5x107°s"'. The other convective feature is less active, with 
a maximum value of 3x 10°°s7'. A negative divergence implies 
the dissipation of the cloud feature. | 
_.. Comparing the results with those of our study’ of the jovian 
equatorial plumes, we find that the divergences are much 
stronger for the saturnian features. The largest Saturn values 
are more than three times greater than those associated with 
the most active jovian plume. Assuming that the anvil expansion 
re are measuring takes place at ~500 mbar level* over a depth 
fi a density scale height of 40 km (ref. 13), then the divergence 
1axima imply vertical motions of ~2 ms” 
On Jupiter, these large scale motions are propagated 
hroughout the- troposphere’. Although the saturnian vertical 
1otions are apparently stronger, the IR observations do not 
ugges t any lar e scale perturbations in the temperature struc- 
: ital or vertical direction. It is possible that the 
ayers in the troposphere of Saturn provide 
pacity to diminish the temperature contrasts. Fur- 
e, the. IRIS observations are essentially the average 
sponse for the narrow angle field of view, so that these small 
ale convective. clouds may not produce a sufficiently large 
ignature to be noticeable. | 
The present estimates of larger vertical motions in the atmos- 
here of Saturn compared with Jupiter are consistent with the 
fferences in the zonal velocity. and internal structure of the 
vo planets. The internal heat source on Saturn supplies 
pproximately twice as much energy to the atmosphere as solar 
eating’. This situation, together with the smaller gravity, which 



































onsistent’ with the larger convective motions discussed above. 
From these first estimates of divergence and vertical motions 
of cloud features observed in the northern hemisphere of Saturn 
we find that the associated flows of the convective clouds are 
-stronger than the similar cloud features observed in the atmos- 
__ phere of Jupiter. The vertical velocities we estimate for these 
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atures reside | in ae centre cae the instable, region, ‘which i 
also the maximum in the easterly jet. The stable region of the 


n leads. to a larger atmospheric scale height on Saturn, is 





Sea that these riesoacale ‘cloud pnt ate Gen by «, 





large scale convergence in the deep cloud layers beneath the 7 
visible surface of the planet. These stronger motions are con- 
sistent. with the differences in the structures of. Saturn and 
Jupiter. : 

We thank Glenn Garneau, Eric Korsmo. and Gaty Yagi at 
JPL for assistance. This work is supported by the Science and 
Engineering Research Council. 
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We discuss here. the’ effect of an external electric field « on a the 


motion of the (pay ions. which are produced in the reaction 


(dt) (pa)+n. We find that appreciable enhancements of | | 
the (ua) stripping probability can be achieved for strong fields. 


This effect.can be useful for enhancing | the number of nuclear 
fusions which a muon can Satay. in a - deuterium-—tritium 





The possibility of using the muon -eatatyais of nuclear reactions 
for the purpose of energy production has been a long- -standing 
dream of particle physicists’. Recently, Petrov? presented a 


-scheme which, although based on some optimistic assumptions, 


can yield a positive energy balance. This scheme involves the 
muon catalysis of d+t+ «+n reactions and is supported by the 
recent discovery” of a very high formation rate of the d-u-t 
molecular ion, Ag,:210"'s” at liquid hydrogen density. Indeed, 
the theoretical analysis of the process, based on the so-called 
resonant mesomolecule formation**, allows for the possibility 
of extremely high values of Aap | 
In the d-tmixture, the most serious limitation to the efficiency 
of the fusion chain is the possibility that the muon could stick. 
to the a particle produced in the nuclear reaction, the sticking 
probability being W=1.2% (refs 6,7). The kinetic energy of 
the (4a) i ion is Ti, = 3.5 MeV, which corresponds to a velocity 
vin = 5.8e°/h. During the slowing down process there is a 


chance for the. (ua) to be stripped, so that the muon can take Ff 


part again to the fusion chain. At a density p,)=10'° atom cm™ 
a fraction R = 0.20 of the sticked muons are reactivated, SO 
that the. effective. ticki 3 

0.96% while at p =10po one ha 
(see refs 6, 7). The reason for su 

in Fig. 1) is that the stripping rate A, 
the ua) reaches low velocity, us <e 
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Fig.1 Stopping power SineVcm™ ' and i Stripping rate Agns i 
versus vh/e* at density p = 107° atoms cm™ 


of the reactivation coefficient R the (ua) should be kept as 
long as possible in the velocity range where the stripping rate 
is high In principle, this can be achieved by making up for the 
energy loss due to the stopping power S(v) of the medium by 
means of an applied electric field 

Clearly the strength E of the electric field which is needed 
for this purpose ıs of the order E=S{(v,,)/e, which means 
E=15 kV cm™' at density p=po This is a rather large value 
and consequently one has to keep the target density as low as 
possible On the other hand, lower limits to the value of the 
density are required by the condition that the processes relevant 
to the fusion chain (muon slowing down, atomic capture and 
atomic cascade, mesomolecule formation) are fast compared 
with the muon decay rate, A, =45x10°s7' We assume the 
mesomolecule formation to be fast at p = po, which 1s optimistic 
but consistent with the present experimental observation and 
needs comparison with future measurements of Aan In this 


C=! 





20 
E/C (kV cm-') 


Fig 2 Reactivation coefficient R versus E/C for the parallel 
case (dashed line) and the isotropic case (solid line) 


135 


way one gets C=p/p)21 We consider two cases, C = 1 and 
C=10 

To calculate the reactivation coefficient we solve numerically 
the equations of motion of the (ua) under the combined action 
of the electric field and of the dissipative force S(v) This allows 
us to solve the evolution equation for the number of stripped 
(ua)s We first consider the case of a static, uniform electric 
field E a field that ıs constant as long as the muon ıs present 
in the target and ın the region travelled by the (ua) One can 
envisage several configurations depending on the geometry of 
the apparatus Of course, the value of R 1s configuration depen- 
dent We focus on two extreme cases first where the initial 
velocity of all the (ja@)s is aligned with the electric field and 
second where the initial velocity 1s randomly oriented The 
results, presented in Fig 2, allow a straightforward interpreta- 
tion The peak for the parallel case corresponds to the critical 
value of the field E/C =131kVcm™, when the dissipative 
force S(v,,) 18 exactly balanced by the electric field In this case 
the (ua) velocity is constant and the reactivation probability 1s 
R=Ag(Uin)/(Ast(0m) +A,) Ina higher electric field the (wa)s are 
accelerated and therefore the stripping probability 1s dimin- 
ished, as 1s clear from Fig 1 In lower electric fields the (ua@)s 


08 
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Fig.3 Reactivation coefficient R versus Eo/ $ C for different 
values of f = w/w with wo = 10’ s7 


are slowed down but it takes longer to reach thermal energy 
than in the zero-field case and consequently R(E)> R(0) 
Lower values of R are generally found ın the isotropic case 
because for a fraction of the (uæ)s the slowing down time 1s 
shortened by the electric field In any case there are significant 
enhancements of R for sufficiently high electric fields 

Another situation of interest 1s that of an oscillating electric 
field, E = Ep cos (wt +e) As the phase (¢) of the field at the 
time of the (ua) formation (r = 0) is random, one needs to take 
a statistical average over ¢ for the calculation of the reactivation 
probability This is equivalent to averaging over the initial 
orientations of the (ua) velocity and consequently one expects 
the geometry of the apparatus to be irrelevant for the reactiva- 
tion effect For this reason we only consider the isotropic case 
The qualitative features of the (ua) motion are as follows The 
velocity is exponentially unstable near the initial value, with a 
time constant 7=M/S'(v,,) where M 1s the (wa) mass and S’ 
is the derivative of the stopping power with respect to the 
velocity In the range of field strength and frequency of interest 
(see Fig 3) this results in a slowing down of the (ua) The tıme 
the (ua) spends with v 2e*/h ıs a decreasing function of w 
because, as soon as the electric field becomes opposite to v, the 
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(ua) 1s quickly decelerated Next, for w > 277A, the (ua) velocity 
can perform several oscillations around zero, with an amplitude 
A = eE/(w?M’ + §'(0)")'* before muon decay In this stage, 
for a strong electric field and a high density, the (ua) spends 
some time ın a region where the stripping rate 1s appreciable 
These considerations allow an easy explanation of the results 
depicted in Fig 3 The opposite behaviour with respect to w 
at C=1 and C = 10 arises from the different contributions of 
the slowing down stage and of the oscillatory regime to the 
reactivation probability R 

We conclude that one can enhance the reactivation efficiency 
by supplying energy to the (ua@)’s by means of an electric field, 
provided that ıt ıs strong eneough On the other hand severe 
lumitations to the strength of the electric field arise because the 
spark breakdown, 1s initiated for E/C =3 kV cm” ' (ref 8) Thus 
pulsed and oscillatory field seem preferable, because there ıt 
is possible to reach higher peak values than with static fields 

An interesting case would be to use the oscillating electric 
field in conjunction with a magnetic field B At the cyclotron 
frequency w.=eB/Mc one gets the same situation as with a 
static electric field Furthermore, the magnetic field can be 
useful in inhibiting the spark breakdown 

We feel that this approach, despite technical difficulties, can 
be a help to bring muon catalysed fusion closer to practical 
applications 

We thank F Kottman, L Olivo and, particularly, G Zweig 
for helpful discussions 
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Evidence for the existence of superheavy elements in monazite 
inclusions embedded in Madagascan mica and surrounded by 
giant radioactive haloes was given by Gentry et al.’ who ob- 
served photons with energies corresponding to predicted La, 
X-ray energies of element 126 (at 27.25 keV) and also of 
elements 116, 124 and 127 in irradiations of such crystals with 
collimated proton beams. For an unambiguous identification, 
the detection of further members of the L X-ray series would 
be most important. In X-ray spectra of monazite samples these 
transitions are buried under the strong K X-ray peaks of the 
lanthanide elements. They should, however, become visible 
after chemical enrichment of the superheavy elements”. Such 
a treatment would also solve background problems due to a y 
ray at 27.2 keV from the *“°Ce(p, n)'“°Pr nuclear reaction** 
and to K X rays of ordinary trace elements’. Although our 
search remained negative we wish to report the results because 
our approach differs from that followed by others**-“* in experi- 
ments which also remained negative or did not provide compell- 
ing evidence”’®, 

Due to a lack of monazite inclusions surrounded by giant 
haloes we have used bulk monazites as there is no obvious 
geochemical reason that superheavy elements should not occur 
in such material 1f they exist in inclusions although their con- 
centration may be considerably lower First, we inspected a 





Table 1 Concentrations of some trace elements in monazites 


Concentration? 
Type of (ppm) 
Locality sample In Sn Sb Te 
Madagascar Bulk 08 10 02 015 
Crystal* 03 10 12 <003 
Nigeria Sand 09 350 03 01 
Australa Sand 07 12 12 09 


* Collected? in the region of Ambatofotsikely where giant haloes 


occur in the surrounding biotite 
+ Average values, due to inhomogenities individual values can vary 
up to one order of magnitude 


variety of samples, 18 monazites (from Madagascar, Nigeria, 
South Africa, Malaysia, Singapore, Thailand, Austraha, 
Brasitha, Uruguay and Norway) and 2 bastnasites (from 
Madagascar), for superheavy element X rays by photon-induced 
X-ray fluorescence using the 60-keV y ray of **’Am for excita- 
tion When low-energy y radiation rather than protons are used 
for fluorescence excitation, interferences by nuclear reactions 
can be ruled out 35-mg samples of the material were mounted 
on filter paper and exposed to an annular ***Am source which 
was covered with a 0 05-mm thick rhodium foil to absorb the 
interfering weak 26 35-keV y radiation of “Am The X-ray 
spectra were measured with a Si(L1) detector having a resolution 
of 0175 keV at 5 9 keV Two spectra were taken per sample, 
one for 20 min to determine main constituents, and one for 
10h for trace elements In the longer exposures, spectra with 
good statistical quality (about 10* counts per channel) were 
obtained in the most interesting region between 23 and 29 keV 

No evidence for a peak at 27 25 keV energy was found in 
any of the samples This corresponds to a concentration limit 
of ~30ppm for element 126 in bulk monazites and also in 
bastnasites, a mineral which strongly enriches natural 
plutonium’, the most likely chemical homologue of element 
126 (ref 17 and B Fricke, personal communication) This is 
about the same limit (6-45 ppm) placed by the proton- 
induced X-ray fluorescence analysis of monazite inclusions® 
Clearly present ın many samples was the tin K,, X-ray peak, 
some samples also showed X-ray peaks of indium and antimony 

To improve the detection limit significantly, six different 
samples of monazites (from Madagascar, Nigeria, Malaysia and 
Australia) and one sample of bastnasite (from Madagascar) 
were selected for chemical treatment As the chemical 
behaviour of elements belonging to the superactinide series 
with 6f-5g electrons cannot be predicted with certainty’” the 
procedure applied takes into account that the elements searched 
for may follow the lanthanides, thorium, uranium or plutonium, 
even the unlikely case that they form insoluble sulphides or 
accompany alkaline earth and alkali elements has not been 
excluded a priore The procedure adopted is shown in Fig 1 It 
essentially consists of the following steps (1) 20-g samples were 
dissolved ın hot concentrated sulphuric acid The insoluble part 
was fused with sodium peroxide, dissolved ın water and hydro- 
chloric acid and combined with the main sample (2) Sulphides 
were co-precipitated with copper sulphide from acid solution, 
this fraction should also contain superheavy elements around 
element 114, eka lead (3) By a hydroxide precipitation the 
bulk of the cationic elements was separated from alkaline earth 
and alkali elements (4) After dissolution of the hydroxides 
uranium- and plutonium-like elements were oxidized and Jan- 
thanides and thorium were precipitated as fluorides (5) The 


plutonium fraction was precipitated by ammonia in presence / 


of carbonate 1ons which kept uranium ın solution from where 
it was finally collected (6) The fluorides were dissolved ın 
hydrochloric acid plus boric acid and transferred by a hydroxide 
precipitation into a strong mitric acid solution from which 
thorium 1odate was precipitated, the lanthanides were collected 
in the filtrate Bastnasites were processed by a very similar 
procedure Samples of the different fractions obtained were 
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mounted for X-ray fluorescence analysis as described for bulk 
samples 

As an example for the spectra obtained after chemical enrich- 
ment, Fig 2 shows the spectrum of a plutonium fraction No 
peaks can be seen at the positions of the La; and Lg. X-ray 
transitions of element 126 From such spectra, upper limits of 
about 5-20 p pb (at 95% confidence level) are estimated for 
plutonium-like superheavy elements ın the monazites investi- 
gated Peaks of main constituents are also absent, hence decon- 
tamination factors of > 107 have been achieved ın the chemical 
enrichment Similar concentration lımıts are estimated for the 
unlikely case that elements around Z = 126 would be collected 
in the sulphide fraction For the other fractions, the X-ray 
fluorescence measurements are less sensitive because only a 
part of the total fraction could be mounted We estimate upper 
concentration limits between 1 and 30p pm for the different 
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Fig. 2 Photon-induced X-ray fluoresence spectrum of a 
plutonium fraction isolated from a Madagascan monazite The 
hatched peak at the position of the L,; line of element 126 would 
result for a concentration of 01ppm in the original bulk 
monazite sample Peaks denoted by Q belong to the background 
stemming from the ***Am photon source and from trace elements 
(bar1um) tn the filter paper used for sample mounting 


fractions These limits hold for both monazites and bastnasites 
and should be considered as crude estimates 

The concentrations of the elements indium, tin, antimony, 
and tellurrum which have K X-ray peaks ın the region of interest 
were determined in some samples by X-ray fluorescence Tin 
and antimony were measured in the sulphide precipitate of the 
procedure Fig 1 As part of the tellurrum(vI) is found ın the 
hydroxide precipitate, this precipitate was dissolved 1n concen- 
trated hydrochloric acid, and tellurrum(vI) was reduced by 
boiling and then co-precipitated with copper sulphide Indium 
was determined in a separate sample after extraction from 
sulphuric acid into diethyldithiophosphoric acid and back 
extraction with strong hydrochloric acid Chemical yields were 
measured with radioactive tracers Residues ın the dissolution 
of monazites were treated separately The results are given in 
Table 1 With the exception of tin the concentrations are too 
low to produce peaks ın our spectra of unseparated monazites 
However, more than one order of magnitude higher concentra- 
tions were found for antimony and tellurium in X-ray spectra 
excited by protons’ 

In a selected number of fractions, mainly plutonium fractions, 
a particle spectra were recorded with semiconductor detectors 
No evidence for low-energy emitters reported long ago’ nor 
for high-energy «æ particles’? postulated as an explanation for 
the giant haloes’ was found, ın accordance with other 
studies?” Inspection of some fractions by mass spectrometry 
also did not reveal any anomalies 
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The 10n Ca** is common in nature and has an important role 
m many biochemical processes’. However, the way in which 
this ion behaves in aqueous solution ıs the subject of much 
controversy. There are two structural parameters which are 
necessary for a fuller understanding of Ca** m solution: the 
number of water molecules to which Ca** coordinates in sol- 
ution, ñ, and the configuration which a water molecule adopts 
relative to it (defined by @, the angle between the plane of the 
water molecule and the Ca-O axis and rcao, the Ca—O separ- 
ation). The technique of neutron diffraction in conjunction with 
isotopic substitution has been successful in givmg unambiguous 
information regarding ñ, @ and r for a variety of aqueous 
solutions’. Studies have been carried out on Li*, Ni?* and CI 
at several concentrations’ and Ca’* at one concentration*. We 
report here the results of a study of the structure of the Ca’*- 
D-0 conformation as a function of concentration. 

Investigations have been carried out on several calcium halide 
and calcium nitrate water systems using X-ray diffraction®”, 
and the results have been used to obtain rcao (ref 2) However, 
these experiments have not produced information about the 
concentration dependence of # and œ, the central problem 
which we consider here The isotopic substitution made was 
™tCa > ““Ca which changes the neutron scattering length b from 
490 fm to 1 80 fm 

Neutron diffraction data were gathered at room temperature 
on the D4 diffractometer of the ILL, Grenoble for two solutions 
of CaCl, in heavy water identical tn all respects except for the 
isotopic state of the calcium (Table 1) Total structure factors, 
F(k), were derived from the data after correction for multiple 
scattering and absorption, and were normalized by reference 
to the scattering from a vanadium standard? 

The first-order difference A(K) between the two F(k)s for a 
given pair of solutions was derived A(k) 1s a linear combination 
of partial structure factors S,,(k) and has the form? 


A(k) = A[Scuo(k) — 1] + BlScap(k)— 1] 
+ C[Scacalk) -1]+D[Scacalk) - 1] 


where c, = atomic fraction of species 1, b, = coherent scattering 
length of species 1, A = 2€e,Co Abcabo, B = 2CcaCp Abcabp, C = 
2Cca€ci Abeba, D= Cha Abéa , Abca Ba ~ boa, Abé, = 
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Fourier transformation of this function leads to the weighted 
radial distribution function, G(r) given by 


G(r) = A(gcao(r)~ 1) + B(gean(r)— 1) 
+ C(8caci(r) — 1) + D(gcaca(r)— 1) 


where 





g&l) -123 > | 6-1 sin kr k dk 


ar’ pr 
Here g,(r) is the correlation function relating to the distribution 
of s-type particles about :-type particles and p is the total 
number density of the solution Ge,(r) 1s shown in Fig 1, the 
characteristic twin peaks close to 2 4 A and 3 0 A are associated 
with the oxygen and deuterium atoms respectively of the water 
molecules forming the first coordination shell around the Ca** 
ion Within this first shell, the contribution from the 1on-10n 
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Fig 1 The weighted distribution G(r) for three CaCl, solutions 
in D-O (a) 45 molal (6) 2 8 molal (c) 1 molal The 1on—water 
geometry 1s shown at the top right 


distribution functions goaci(r) and gcaca{r) are negligible because 
the coefficients C and D are small relative to A or B (Table 
1) The number of atoms, Ä„ to which the areas of any given 
peak corresponds 1s calculated using 


r2 
ñ, e 4rrc,p | r Bea (r) dr 


ri 


where r, and r, are the positions of the minima adjacent to the 
peak on either side 

The above identification of the twin peaks 1s confirmed by 
the calculation of fig and Ap, in which tt is found that 24 5= Ap, 
within experimental error The separation of the two peaks 
may be used to calculate œ assuming a geometry ın which rop 
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Table 1 Scatterıng lengths and sample parameters for CaCl, heavy 


water solution 


Scatterng A B C D 
lengths 
Molality c Isotopes (fm) (x107? barns)* 

"Ca 4 90 

10 0 0065 “Ca 1 80 077 177 005 001 
"Ca 4 90 

28 0 0177 “Ca 180 203 466 038 007 
"Ca 4 90 

45 0 0275 44a 1 80 302 695 090 016 


*1 barn = 107” cm? 


Table 2 Ca’*-water coordination 


c{molal) rcao(A) rcap(A) $ i 
1 2 4640 03 3 0720 03 38°x9 10 020 6 
28 2 39+0 02 3 02+0 03 34°s9 7 220 2 
45 2 41+0 03 3 0420 03 34°+9 6 4+0 3 


is 1A, and the angle DOD 1s 105° The results of the two latest 
experiments are summarized in Table 2 and Fig 1, where we 
include those derived from an earher study of a 4 5 molal CaCl, 

When we compare these results with those, at comparable 
concentrations, for a strongly hydrating divalent 1on Ni** (ref 
10) we find the following points of similarity and difference 
(1) reso, like ry.o does not, when allowance 1s made for experi- 
mental error vary significantly with concentration In both cases 
the distances agree within experimental error with those derived 
from X-ray studies’, (2) for both 10ons at concentrations in 
excess of 1 molal, ¢ ıs independent of ionic strength and 1s 
~35° which 1s significantly different from both the ‘dipole’ 
configuration (@ = 0) and the ‘lone pair’ configuration (@ = 54°), 
(3) for Ni**, 4 1s independent of concentration For Ca’*, by 
contrast, # 1s strongly concentration dependent, increasing from 
~6 to ~10 as the molality decreases from 45 to 1, (4) the 
widths of the first peak for both geao(r) and gcap(r) decrease 
with increase ın concentration, this behaviour 1s opposite to 
that observed for gyio(r) and gno (r) 

We believe that points (3) and (4) are manifestations of the 
weakly hydrating nature of Ca?* 10ns in solution Unlike N1?* 
where our earlier experiments have shown the almost universal 
nature of the Ni**-H,O conformation?! the aqueous environ- 
ment of Ca** will depend crucially on the 1on1c strength, the 
counter 10n and the temperature It follows that 1f the properties 
of Ca** in solution are to be understood properly a range of 
experiments of the type we have reported here must be under- 
taken in which the principal thermodynamic variables (con- 
centration, pressure and temperature) are changed systemati- 
cally 

NAH thanks the SERC for a research studentship We all 
thank the scientific and technical staff at the ILL, Grenoble, 
and particularly Dr Chieux and Dr Cummings, for valuable 
help with the experiments The aqueous solution programme 
of research is financed by the SERC and we are grateful for 
their support 
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Although the initiation of subduction is a key element in plate 
tectonic schemes for evolution of lithospheric plates, the under- 
lying mechanisms are not well understood. Plate rupture is an 
important aspect of the process of creating a new subduction 
zone, as stresses of the order of kilobars are required to fracture 
oceanic lithosphere’. Therefore initiation of subduction could 
take place preferentially at pre-existing weakness zones or m 
regions where the lithosphere is prestressed. As such, transform 
faults’ and passive margins“? where the lithosphere is 
downflexed under the influence of sediment loading have been 
suggested. From a model study of passive margin evolution we 
found that ageing of passive margins alone does not make them 
more suitable sites for initiation of subduction. However, exten- 
sive sediment loading on young lithosphere might be an effective 
mechanism for closure of small ocean basins. 

The state of stress at a passive margin ıs determined by its 
local geometrical and rheological lithospheric properties and 
by the system of forces acting on the lithosphere Of these 
features the thickness of the oceanic lithosphere’®, its rheological 
stratification’, the push exerted by the elevation of the oceanic 
ridge?’ and the forces associated with the (negative) buoyancy 
of the lithosphere’® are a function of the age of the oceanic 
lithosphere The sediment loading capacity of oceanic litho- 
sphere increases with age, through its continued cooling and 
densification One might therefore expect a coupling between 
the height of the sedimentary column deposited at the passive 
margin and the age-dependent thermal subsidence of the under- 
lying oceanic lithosphere’’ In previous studies of the state of 
stress at passive margins ’*~'* the possible implications of age- 
dependent properties of the oceanic lithosphere were not taken 
into account We have studied the interrelations between age- 
dependent forces, geometry and rheology, to decipher their net 
effect on the state of stress at passive margins We have con- 
structed finite element models for a passive continental margin 
in different stages of evolution at ages of 20, 30, 60, 100 and 
200 Myr For all models a half spreading rate of 1 cmyr™’ 1s 
taken, characteristic of oceanic lithosphere without downgoing 
slabs attached to it’* The model features are summarized ın 
Fig 1 Asa model for sedimentary loading we adopt triangular 
wedges at the continental shelf and rise As our reference we 
assume that the maximum thickness of the sediments at the 
margin corresponds with the thickness that results if the 
sedimentation has been keeping up with the subsidence of a 
boundary layer model of the cooling oceanic lithosphere" *° 
This implies for the maximum height of the sedimentary 
triangular wedge an increase from 3 6 km at 20 Myr to 9 4 km 
at 200 Myr, following roughly a square root of age relation 
Observational data on thicknesses of post-rift sedimentary 
sequences are now available from geophysical surveys carried 
out on passive margins during the past few years’’ From these 
data it follows that the reference model 1s representative of 
most of the sediment loading histories and resulting thicknesses 
observed at passive margins The huge sediment accumulations 
at deltas, however, clearly exceed the thicknesses as given by 
the reference model Therefore, a second class of models was 
constructed in which the full loading capacity of oceanic litho- 
sphere was taken up by sediments with the sedimentary 
thicknesses ranging from 10 to 158km The width of the 
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sedimentary wedges varies between 150 km for very young 
margins to 250 km for mature margins, based on data compila- 
tions’’ As the sediments replace water we consider only excess 
densities (Ap = 2 4-1=14gcem™) 

Studies on seismicity and flexure of oceanic lithosphere bend- 
ing at trenches’®’? and analysis of flexure of the oceanic litho- 
sphere under the influence of seamount loading”® have demon- 
strated that the lithosphere 1s capable of supporting stresses of 
the order of some kilobars on geological time scales The 
experimental work of Goetze and co-workers% 7? shows that 
the strength of the lithosphere first increases with depth and 
then decreases rapidly to a level of a few hundred bars ın the 
lower part of the plate, where temperature effects become 
dominant and the maximum stress achievable ıs lmuted by 
thermally activated ductile flow Deriving temperature profiles 
from Crough’s?” model for the oceanic lithosphere, which model 
combines the merits of the boundary layer model and the plate 
model, we have constructed lithospheric strength envelopes for 
a wide range of ages These are based on Goetze’s ductile flow 
laws in olivine for power-law and Dorn-creep rheologies, 
assuming a strain-rate of e=107°8s"’ For the sediments we 
assume a zero strength A similar approach was followed by 
Bodine and co-workers”* Yield envelopes for lithospheric ages 
of 30 and 100 Myr are given in Fig 2 which shows that both 
the thickness H of the ‘mechanical plate’ (given by the depth 
below which the strength of the plate 1s <0 5 kbar) and the 
maximum strength increase strongly with age The flexure of 
the lithosphere ıs counteracted by isostasy Isostatic forces 
proportional to the deflection due to loading are included in 
the model Of the plate tectonic forces implemented ın the 
models those associated with the ridge push and the negative 
buoyancy of the oceanic lithosphere are calculated on the basis 
of Oxburgh and Parmentier’s** model for the formation of 
oceanic crust and Crough’s”’ model for the thermal evolution 
of oceanic lithosphere We ignore drag at the base of the 
lithosphere Zero horizontal displacements are prescribed for 
the right-hand boundary of the model to simulate a mdge push 
transmitted through the continent from an adjacent oceanic 
plate 

The deformation of the lithosphere at passive margins and 
the resulting stress field (order of magnitude of a few kilobars) 
are dominated by sediment loading”® The contribution of the 
plate tectonic forces to the stress field 1s an order of magnitude 
smaller Differential stresses are largest at the points of 
maximum flexure These are located under the rise ın the 
oceanic plate close to the transition of oceamic and rift-stage 
lithosphere Figure 2a, b shows the stress maxima for 100 and 
30 Myr for the reference load The lowermost part of the 
mechanical plate 1s ın yield due to the tensile stresses developed 
at the base The main part of the plate remains ın the elastic 
state The effect of the rheological stratification of the lithos- 
phere 1s twofold stress relaxation in the lowermost part and 
stress concentration in the mechanically stronger upper part 
This effect ıs particularly important if the full loading capacity 
of the lithosphere 1s taken up by sediments This can even result 
in complete failure of the hithosphere as demonstrated in Fig 2c 

Figure 2 also shows that the state of stress depends on the 
age of the margin To illustrate this dependence more clearly 
we have plotted in Fig 3a the maximum differential (tensional) 
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Fig 1 Model features geometry, rheology, system of forces and 

boundary conditions Mechanical thickness indicated by broken 
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stresses as a function of age The age dependence ıs strongest 
for ages below 100 Myr From 30 to 100 Myr—an interval in 
which the sedimentary loading, the mechanical thickness and 
the strength increase—the differential stress maxima increase 
with age From 100 to 200 Myr the mechanical thickness and 
the strength of the plate show only a small increase For ages 
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Fig. 2 Strength envelope and results of model calculations (@) 
at cross-section through the upper part of the lithosphere at the 
point of maximum flexure (AB of cross-section ABC in Fig 1) 
The line inside strength envelope connecting the solid dots 1s the 
stress distribution Differential stresses (o};—oay) are plotted 
versus depth Sign convention for the stresses tension positive, 
compression negative Zero-strength has been assumed for the 
sediments Hatched areas in the upper and lower part of the 
mechanical layer denote failure by brittle fracture and ductile flow 
respectively a, b, The results for the reference model of sediment 
loading for ages of 100 and 30 Myr c, The results for the full 
load model for 20 Myr The horizontal dashed line indicates the 
neutral surface just before complete failure of 20-Myr old litho- 
sphere takes place 
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Fig 3 a, Model results for reference load maximum differential 
stresses (oy, — oy), tensile strength oyr, their ratio and the relative 
thickness of the mechanical layer in failure (Hy/H) plotted as a 
function of lithospheric age b, Results full load model ratio of 
Ay (the hatched area inside the strength envelope, see Fig 2) and 
Ar (total area of the envelope) as a function of lithospheric age 
For ages below 20 Myr complete lithospheric failure 1s induced 


above 100 Myr the increase ın sediment loading according to 
our reference model results in only a minor increase of the 
stresses Interesting quantities are the ratio of the maximum 
stress generated and the maximum strength, and the ratio of 
Ay, corresponding with the hatched area (inside the strength 
envelope (Fig 2)) and the total area A; of the envelope For 
the reference model of sediment loading these quantities prove 
to be essentially independent of age because load, strength and 
plate thickness all exhibit the same square root of age behaviour 
due to the thermal evolution of the plate The situation changes 
drastically if the full loading capacity is taken up The surplus 
load of sediments added to the reference load 1s most effective 
in creating high stresses when deposited on a young margin 
Figure 3b and results of numerical calculations made for ages 
below 20 Myr (not shown here) demonstrate that full loading 
on a young passive margin (age below 20 Myr) leads to complete 
failure of the lithosphere Owing to the stabilizing affect of the 
density changes accompanying the formation of oceanic crust” 
oceanic lithosphere is gravitationally stable for ages <20- 
40 Myr (ref 16) As a result of its further cooling and thermal 
contraction the lithosphere becomes unstable for ages above 
20-40 Myr (refs 16, 25) Taking into account only the litho- 
spheric instability ıt was reasonable to expect that chances for 
initiation of subduction of oceanic lithosphere would increase 
with the age of the margin’® Our work shows that if after a 
short evolution of the plate, subduction has not yet started, 
continued ageing of the passive margin alone does not result 
in conditions more favourable for plate rupture and initiation 
of subduction 

Although most of the present deltas of the world are 
deposited on old oceanic lithosphere?” and very few examples 
of modern thick sedimentary cones on young lithosphere are 
known, extensive sedimentary loading might have been an 
effective mechanism for closure of small ocean basins ın geologi- 
cal history Closure of small oceanic basins has an important 


role in the process of mountain building In this context, note 
that in a comprehensive account of the evolution of the central 
Alps, Frisch*® presents evidence for closure of oceanic basins 
within the first 100 Myr after opening 

For older margins in general, however, ıt seems that the 
stresses generated are insufficient to induce lithospheric failure 
and imitiation of subduction Therefore, pre-existing weakness 
zones in Oceanic lithosphere might be more suitable sites for 
initiation of subduction than passive margins This view 1s 
consistent with the results of a survey of recently initiated 
subduction zones ın the Pacific’’ showing that zones initiated 
in the Neogene are either at the sites of transform faults or 
rejuvenated pre-existing subduction zones Many of the present 
circum-Pacific zones are in fact the successors of subduction 
zones already present ın the configuration before the breakup 
of Gondwanaland Further back in geological time different 
plate configurations and a different thermal regime might have 
provided conditions more suitable for mitiation of subduction 
As an extreme example one might consider the Archaean 
where, due to the much steeper temperature profiles”, the 
lithosphere must have been considerably weaker than now- 
adays In such a situation plate rupture requires a considerable 
jower stress level This suggestion ıs corroborated by geological 
data on Precambrian orogenic belts*’, showing extensive activa- 
tion of passive margins bordering small oceanic basins 

In the present lithospheric system special circumstances may 
arise in the process of global plate reorganization, when plate 
tectonic forces may be concentrated locally This can be impor- 
tant ın an oceanic plate attached to a subduction zone where 
the pull acting on the subducting slab can be concentrated to 
a high level (order of magnitude of several kilobars)*? In 
particular Wortel and Cloetingh*” have shown that lateral varı- 
ations in the age of the slab descending ın a subduction zone 
might provide a mechanism for fragmentation of oceanic plates 
and the formation of spreading centres In an opening oceanic 
basin, however, the only plate tectonic force to be concentrated 
is the ridge push, inducing stresses with an order of magnitude 
of only a few hundred bars Although the concentration factor 
might be quite high”? the level of the concentrated stresses due 
to ridge push is by no means comparable with the stresses 
resulting from sediment loading Therefore, plate reorganiz- 
ation might take place predominantly by the formation of new 
spreading ridges In such a process new subduction zones might 
be subsequently created at the sites of transform faults already 
present in the plate, when the new spreading direction has a 
component perpendicular to the direction of the transform fault 

We thank Gerald Wisse (Delft University of Technology) for 
support with the finite element calculations, and Joel S Watkins 
and Rob van der Voo for critically reading an earlier version 
of the manuscript 
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Geological evidence against the 
Shyok palaeo-suture, Ladakh Himalaya 


Hakim Rai 


Wadia Institute of Himalayan Geology, Dehra Dun-248001, India 


Evolution of the Ladakh Himalayas related to the Cretaceous— 
Tertiary subduction of the Indian oceanic plate below the 
southern margin of the Eurasian plate along the Indus suture 
zone’, The plate tectonic reconstruction suggests two stages 
of subduction due to the presence of a pre-Cretaceous suture 
along the Shyok valley’* **. This hypothesis 1s based on there 
being ophiolite belts in the Indus and Shyok valleys. The Indus 
suture zone 1s well established but there have been insufficient 
data on the Shyok suture to confirm the existence of the palaeo- 
suture. I have studied the Saltoro hulls, in the western part of the 
Shyok valley, and report here the sahent geological features. 
With a few exceptions, the igneous and sedimentary rocks 
indicate that the Indus and Shyok sutures had the same 
Cretaceous—Oligocene history. However, the volcanic eruption 
during the deposition of post-Oligocene molasse in the Saltoro 
hills of the Shyok valley is the youngest igneous activity in the 
whole of the Ladakh Himalaya. Hence the geological evidence 
described here does not accord with the theory of palaeo-suture. 

Since the formulation of the plate tectonic theory the occur- 
rence of the Indus ophiolites has been taken as evidence for 
subduction in that area It has been suggested that the 
Himalayan mountain chain came into existence due to the 
subduction of the Indian plate under the Asian plate during the 
Cretaceous—-Tertiary period"? The problem attained a new 
dimension when an earlier subduction was proposed along the 
Shyok valley’? ** to the north of the Indus suture zone (Fig 1) 
Previous work on the Shyok area has been unsystematic’*”” 
Note that rock masses, other than the igneous, occur as thrust 
slices and the rock units do not maintain lithological or struc- 
tural continuity ın this region Recent workers’*”’? researching 
in limited and localized areas, have further confused the geology 
of this area 

The eastern part of the Saltoro hills comprises .gneous and 
sedimentary rocks ranging from Cretaceous to post-Oligocene 
Andesites and basalts (the Shyok volcanics) form the oldest 
igneous rocks erupted before the deposition of flysch 
Pyroxenite and hornblende gabbro have intruded into basalt- 
andesite association along the northern part of the Saltoro hills 
and ın the lower Shyok valley The assemblage of basic rocks 
along with metasedimentary rocks of pre-Cretaceous age——the 
southern limit of the Karakoram sediments’*——has again been 
intruded by granitoids, causing thermal metamorphism and 
migmatization 

Major igneous activity ended in the region with the 
emplacement of Tertiary batholithic gramtoids of the Ladakh 
and Karakoram”? Sandwiched between these igneous rocks are 
two distinct sedimentary belts of flysch and molasse Both these 
belts have thrust contacts with each other as well as with the 
igneous rocks and occur as detached masses The flysch forms a 
marginal part of the eastern Saltoro hills and separates the basic 
volcanics from the molasse It 1s dominated by shale and lime- 
stone with occasional sandstone or quartzite The rocks are 
tightly folded near the thrust contact and are generally dipping 
due north The limestone, particularly in the lower part of the 
flysch, 1s highly fossiliferous and has yielded the following fossils 


of Upper Cretaceous-Eocene age Fasciolites oblonga 
(d'Orbigny), Nummulites sp aff N obtusus Sowerby, N atacı- 
cus Leymerie, Assilina sp, Dictyoconus sp, Lockhartia sp, 
Cyclammina sp , Cerriocava nilkanthi Singh, ‘Feddenta’ gark- 
halensits Mathur, Lophosmilia sp , Girvanella sp , Lithophyllum 
sp and charophyte gyrogonite Beside these characteristic 
fossils, the rocks have yielded turritellid gastropods, brachiopod 
shells and crinoid stems 

A thin belt of molassic sediments, indicative of shallow 
continental conditions, contain rounded to sub-rounded pebbles 
and boulders of limestone, chert, basalt, andesite, rhyolite and 
granitoids The limestone boulders have yielded Orbitolina sp , 
Dictyoconus sp , Nummulites sp , ll-preserved gastropods (tur- 
ritellides) and so on The granitic and rhyolitic clasts have been 
derived from the Tertiary batholiths (Ladakh and Karakoram) 
and Khardung acid volcanics (38 +2 Myr)”' of the Shyok valley 
Hence the molasse 1s post-Oligocene Penecontemporaneous 
andesitic lava flows and subsequent intrusion of basic and acidic 
dykes are significant features of this molasse, which is folded and 
has thrust contacts with flysch in the south and basic volcanics 


(with associated granitoids) to the north Emplacement of dis- | 


continuous bodies of chromite-bearing serpentinites with black 
shales has taken place along the thrust contacts, especially along 
the northern border of the molasse 

The Himalayan mountain chain has been considered to be a 
typical example of continent-continent collision’ It 1s thought 
that the subduction of the north-moving Indian plate started 
along the Indus suture during the end of the Cretaceous and the 
actual colhsion of the continental parts of the two plates prob- 
ably began in the late Eocene or early Oligocene’®?? Recent 
studies by Frank ef al ** in the Shyok valley, to the north of the 
Indus suture zone, have also included all the volcanics 
(undifferentiated) with Shyok ophiolites and assigned an age 
older than the Indus ophiolites This led them to reconstruct a 
new plate tectonic model for the Himalayan mountain belt, 
proposing two stages of subduction separated ın space and time 
Accordingly, the first subduction was initiated in the pre- 
Cretaceous time (exact time of subduction 1s not given) along the 
Shyok suture, which became inactive later The second sub- 
duction followed the Indus suture during the Upper 
Cretaceous~Tertiary period The later predominance of the 
Khardung acid volcanics younger than the Ladakh Batholith 
described from the Shyok valley’ '* was opposed by Bhandari et 
al*® and Thakur et al'®, who established the imtrusion of 
batholithic units into these acid volcanics Hence, the Khardung 
volcanics are older than the Ladakh batholith They also 
separated the acid and basic volcanic rocks of this region as 
Khardung volcanics and the Shyok volcanics, respectively 

I have found three distinct volcanic phases ın the Shyok valley 
which differ in composition, age and the environment of erup- 
tion The oldest volcanic rocks, representing the Shyok ophiol- 
ites, are basic ın composition and have suffered thermal 
metamorphism near the contacts with gabbro, pyroxenite, 
tonalite and granite This complex volcanic—plutonic association 
1s partially overlain by the Upper Cretaceous—Eocene flysch and 
post-Oligocene molasse, a case similar to the Indus ophuolites 
Thus the Shyok valley marks the northern extremity of the Indus 
ophiolites as there ıs no evidence to indicate the separation of 
these two belts during the Cretaceous-Eocene Extensive 
occurrence of basic xenoliths within the Ladakh batholith 
suggests that the area between the Indus and Shyok valleys was 
occupied by the same ophiolitic rocks which are now associated 
with the Indus and Shyok ophiolites These rocks provided a 
thick cover for the batholithic intrusion Subsequent erosion has 
removed the cover rocks over the batholith Consequently, the 
Shyok ophiolites apparently form a separate belt that runs 
parallel to the Indus ophiolite belt A second volcanic eruption 1s 
documented by the Khardung volcanics having acidic composi- 
tion and constituting a distinct belt along the northern margin of 
the Ladakh batholith between Hundar and Khardung villages 
(Fig 1), and extends eastwards beyond the area under dis- 
cussion The batholthic units have intruded into these volcanics 
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Fg 1 Geological map of the 
Shyok valley 1, river deposits, 
2, granitoids of the Ladakh batho- 
hth, 3, Shyok volcanics with pyro- 
xenite, 4, Cretaceous-Tertiary 
flysch, 5, molasse of Saltoro hills, 
6, synsedimentary volcanics associ- 
ated with molasse, 7, detached 
serpentinite bodies along with black 
shales, 8, Karakoram sediments 
(Permian?), 9, granitoids of the 
Karakoram batholith, 10, Khardung 
volcanics (acid volcanics) 
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at several places The association of lapıllı tuffs and 
conglomeratic beds ın the Khardung volcanics suggests that the 
rocks were erupted ın shallow water to subaerial conditions 
Lapıllı tuffs at the top of the main phase of this eruption are 
conformably overlain by lahars or mud flows having intermittent 
lava flows of rhyolitic composition The lahars are conformably 
overlain by coarse clastic, non-marine deposits, essentially 
composed of a sandstone~shale sequence with conglomerates 

The third and the last phase of volcanic activity 1s preserved 
within the molasse of the Saltoro hills The reddish-brown 
volcanic rock 1s characterized by random distribution of euhe- 
dral plagioclase phenocrysts (An3s-32) 1n the fine groundmass 
Dykes of similar composition have intruded into the basic 
volcanics along the southern flank of Saltoro hills The molasse 
with which these andesitic volcanics are associated was 
deposited ın a trough formed within basic volcanics which were 
intruded by the pranitoids of the Ladakh batholith from the 
south and the Karakoram granitoids from the north 

Because the molasse 1s rich in granitic material, probably 
derived from the Ladakh batholith (27 6+0 6 Myr)’, pebbles 
and boulders of acid volcanics (Khardung volcanics = 38+2 
Myr}! and limestone containing Palaeocene foraminifera (as in 
the flysch), ıt can be correlated with the Kargil molasse of 
Miocene to Pleistocene age exposed along the Indus suture 
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zone Inthe absence of fossils no exact age can be assigned to the 
matrix of the molasse The extrusive and dyke rocks associated 
with molasse of the Saltoro hills are either Miocene or younger 
No such igneous activity has been observed in the molasse along 
the Indus suture zone This evidence suggests a prolonged 
igneous activity in the Shyok valley The volcanics and dykes of 
the Saltoro hills appear to be the youngest igneous rocks of the 
Ladakh Himalaya 

It has been proposed that after subduction along the Shyok 
suture, a new phase of subduction commenced along the Indus 
suture zone during the Upper Cretaceous and continued up to 
the late Oligocene or early Miocene If the subduction along the 
Shyok suture stopped before the initiation of the new site of 
subduction along the Indus suture then the volcanic rocks ın the 
Shyok valley should be much older than Upper Cretaceous Itis 
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Fig.2 The geological cross-section along A-B in Fig 1 
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evident from the above that the palaeo-suture idea”? as pro- 


posed does not find any support lithologically, structurally or 
stratigraphically 

A comparison of the present observations from the Shyok 
valley with the existing geological data from the Indus suture 
makes it possible to correlate the geological events of these two 
regions There has been widespread volcanic—plutonic igneous 
activity ın the Ladakh Himalaya, extending from the Indus 
suture zone to the Karakoram during the initiation of the 
Himalayan orogeny The emplacement of basic and ultrabasic 
rocks took place from the Dras to Shyok valley on a regional 
scale The Ladakh bathohith has intruded into this basic and 
ultrabasic rock association The existence of two parallel 
ophiolite belts ıs simply a result of batholithic intrusion and 
subsequent deep erosion, removing the cover rocks of the 
bathohth which is rich im basic xenoliths Hence the Shyok 
ophiolites represent the northern extension of the Indus ophiol- 
ites emplaced during the Upper Cretaceous—Oligocene 

I conclude that shallow marine conditions existed ın the Shyok 
region at least up to the early Eocene Although the Indus suture 
zone became magmatically inactive during the end of the Ol- 
gocene, the Shyok valley represents still younger igneous 
activity Therefore, the present geological evidence does not 
favour the two-stage subduction with a palaeo-suture in the 
Shyok valley 

I thank Professor] C Pande, N S Virdi and M I Bhat for 
comments, N S Mathur for identifying the foss:] assemblage 
and the Director, Wadia Institute of Himalayan Geology, Dehra 
Dun for permission to publish this paper 
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Tightly bound $-hydroxy 
acids in a Recent sediment 


Kimitaka Kawamura* & Ryoshi Ishiwatari 


Department of Chemistry, Faculty of Science, Tokyo Metropolitan 
University, Fukuzawa 2-1-1, Setagaya-ku, Tokyo 158, Japan 


The identification of B-hydroxy acids in Recent sediments’ © is 
considered to be evidence of a bacterial contribution to 
sedimentary organic matter. In previous studies, B-hydroxy 
acids have been extracted by saponification with 
KOH/methanol under reflux. We have now found that 8- 
hydroxy acids are also present in Recent sediment in a tightly 
bound form which cannot be extracted by ordinary 
saponification. Release of those @-hydroxy acids requires that 
the sediment be heated to ~150 °C before saponification, or 
the use of harsher saponification. 


* Present address Institute of Geophysics and Planetary Physics, University of California at 
Los Angeles, Los Angeles, California 90024, USA 
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Fig.1 Mass fragmentogram (m/z 175) of B-hydroxy acid methyl 
ester TMS ethers from unheated (a) and heated (154°C, 6) 
sediment samples 


The use of mild heating to study the organic matter content 
of Recent sediments has been shown to increase the amount 
of extractable fatty acids’ The increase is due to so-called 
‘tightly bound’ fatty acids’, which are thought to be located in 
organic and/or morganic matrices where saponification 
reagents cannot easily act, or to be tightly linked in some 
unknown way with the organic and/or inorganic matrices’ 
These studies suggested that organic molecules other than fatty 
acids might also be present in sediments ın a ‘tightly bound 
form’ As $8-hydroxy acids are considered markers of bacterial 
activity’, ıt would be of interest to identify a tightly bound 
form of these compounds ın sediment 

Surface sediment samples were taken from Lake Biwa, the 
largest lake (altitude 85 m, area 674 4 km?, maximum depth 
102 m) in Japan, which ıs ohgotrophic A wet sediment sample 
was homogenized using a Nihon-seiki (AM-1) homogenizer 
and aliquots of the sample (5-10 g wet wt) were heated at 
various temperatures (68~325°C) in a sealed Pyrex tube 
(12 mm ıd X15cm) under nitrogen for 24h The unheated 
and heated samples were saponified with 50ml of 05M 
KOH/methanol containing 5% water under reflux for 2h 
Saponrfication was carried out only once because we found that 
repeating the procedure increases the amount of 6-hydroxy 
acids obtained by <3% The alkaline solution was extracted 
with 20 mi of n-hexane/ether (9 1) to remove neutral com- 
ponents The remaining solution was then acidified with concen- 
trated HCI and the acid components extracted with n- 
hexane/ether (9 1) The extracts were methylated with 14% 
BF,;/methanol and the methyl esters separated into monocar- 
boxylic acid fraction with n-hexane/benzene (9 1) and hydroxy 
acid fraction with benzene/ethyl acetate (1 1) by silica gel 
chromatography (Mallinckrodt 100 mesh, 5 mm ıd x 10 cm) 
The latter fraction was treated with TMS-BA [N,O- 
Bis(trimethylsilyl)acetamide 25% in acetonitrile Tokyo Kasei 
Co Ltd] reagent to derive TMS ethers of hydroxy acid methyl 
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esters, which were then analysed by gas onibai na 
spectrometry (Shimadzu-LKB 9000) on a glass column (3 mm 
i.d.x2m) packed with 1% OV-1, with programmed tem- 
perature increases of 5°C per min from 100 to 280°C. The 
B-hydroxy acids were quantified by comparing the peak heights 
in the mass fragmentograms scanned at m/z 175, which is a 
charactéristic fragment of B-trimethylsilyloxy methyl esters’ 

with authentic standards (B-hydroxy normal C,,4, Cre and Cis 










i roxy CG: acids were detected in the unheated and 
iples. Mass fragmentograms scanned at m/z 175 for 
ted and heated samples (Fig. 1) showed that most 
numbered -hydroxy acids are unbranched (nor- 


so branched chain compounds. A similar distribution 
reported” for bound B-hydroxy acids from algal mats 
nts. As predicted, the amount of both normal and 
; hed B-hydroxy acids increased on heating; in particular, 
: the concentration of normal B-hydroxy Cis acid increased by 
as much as fivefold. With- increasing temperature, the total 
amount of 6-hydroxy acids increases threefold and maximizes 
É 0-180°C (Fig. 2). As sedimentary B-hydroxy acids are 
sred to be produced by bacteria’, our observations 
st the presence in the sediment of bacteria which produce 
ally a large amount of 6- hydroxy n-Cy, acid. Apart from 
the relative: one of constituents in the 
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_ Table 1, we obtained a consider: : 
‘The amount of B-hydroxy acids released from the pre-extracte 


; odd carbon-numbered acids are almost entirely 











ng, ‘ash c content 2 3 5% 2a P rex: ibe | 12 mm 
containing 5ml of 2M KOH solution’, As shown 
‘rable amount of B-hydroxs 































sediment by harsher saponification (28.7 pg g`) is almost equa 
to that released from the sediment by heating (36.2 ng 
8-Hydroxy acids were also. released from kerogen, although at 
a lower concentration (6.8 pgg ` of dry sediment) than from 
the pre-extracted sediment, Harsher saponification with 2M- 
KOH ‘solution may dissolve and/or decompose some humic: 
materials, amorphous silica and clay minerals. It is therefore 
likely that most B-hydroxy acids were associated with those 
materials: that is, ‘tightly bound’ B-hydroxy acids can be con- 
sidered to be occluded by (and partly linked- with) humic” 
materials, including kerogen and amorphous silica, and to be 
trapped in the interlayers of clay minerals. Further work is 
necessary to define the type of binding. 8 aneii 
B-Hydroxy acids have been found in bacteria**” aseri bi ) 
in algae. We did not detect these oomnnn in 1 hytoplan 
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Surface coatings on ancient coccoliths 


Peter M. Bürki”, Lesley S. Dent Glasser 
& Douglas N. Smith 
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Old Aberdeen ABY 2UE, UK 


Coccoliths are rings of calcite plates, often of intricate design, 
produced by unicellular algae’ (Fig. 1). Still widespread in 
modern oceans, these algae must have been extremely abundant 
in the Cretaceous period, and their skeletal remains form the 
main component of natural chalk. Both modern and ancient 
coccoliths are well preserved even in the corrosive environments 
of seawater and sediments, and the surface properties of natur: 
chalk are said to be different from those of synthetic calcite. 
has been suggested that this may be the result of a surfac 
membrane; the present study establishes the existence. E 
aaa: on ancient coccoliths, and discusses its matures ae 
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It has been demonstrated™ that modern coccoliths are sur- 
rounded by a thin film of organic material. This could be 
composed of polysaccharides and amino acids* and may be 
formed when the coccolith is produced within the algal cell”. By 
careful dissolution of Oligocene coccoliths on electron micro- 
scope grids, Hamano and Honjo” observed residual membranes 
which they believed to be composed partly of organic matter. 
They found that the acid-insoluble residue from the coccolith 
fraction of the chalk contained polysaccharides, amino acids and 
clay-like material. Taylor (unpublished work) suggested that 
thin layers of precipitated clay minerals might cover and protect 
coccoliths in chalk, This postulate is substantiated by the work of 
Weir and Catt’ and Jeans? who concluded that smectite is 
precipitated from porewater in chalk sediments. Suess’ has also 
postulated organo-clay associations for all pre-Recent lime- 
stones. 

In the present study, samples of Cretaceous chalk from 
Swanscombe were gently decalcified on electron microscope 





Fig. 1 Scanning electron micrograph of a Cretaceous coccolith. 
This is only one of the many forms observed. 


grids and examined in a CORA analytical transmission electron 
microscope (Kratos Ltd, AEI Scientific Instruments). Residues 
of decalcified coccoliths are shown in Figs 2 and 3. These 
complete ‘skins’ are clearly replicas of the original structures, an 
example of which is shown in Fig. 1. Slower dissolution in EDTA 
buffered with NH,Cl/NH,OH produced both partly and 
completely decalcified rings, confirming that the coatings are on 
the surface of the coccoliths. Whole skins, however, were rather 
rare; distorted fragments either partly retaining the original 
structure or lacking any recognizable form were more common. 
The coatings may collapse after dissolution or be ruptured by the 
production of CO,, 

Electron microanalysis was difficult because the coatings are 
very thin (a few hundred angstroms at most) giving a low count 
rate. By examining areas over holes in the substrate, the prob- 
lem of background count was avoided, and the approximate 
atomic ratios found were: 1.0 Si: 0.1 Mg:0.3 Al:0.04K:0.1 Fe. 
P, from apatite crystals, S and Cl were also occasionally encoun- 
tered. Significant levels of Ca were present only when visible 
fragments of calcite remained. These ratios, which were the 
same with all three dissolution procedures (see legend to Fig. 2), 
are typical of a smectite, but none of the skins gave a diffraction 
pattern. Similar ratios were found for the other amorphous 
debris of ill-defined form. Crystalline clay minerals, quartz and 
apatite were also observed in the residues, occasionally attached 
to the coatings (Fig. 3). 

Because the microanalyser cannot detect carbon, no 
conclusion can be drawn about the organic nature of these skins. 





Fig.2 Decalcified Cretaceous coccolith. The calcite was removed 
by floating the specimen, mounted on an electron microscope grid, 
on a 0.005 M EDTA solution for 30s, then washing in distilled 
water for 2h. Slower and more controllable dissolution was 
achieved by incorporating 5% NH,Cl/NH4OH buffer (pH 10) in 
the EDTA. Removal of the calcite with a dilute sodium 
acetate/acetic acid buffer (pH 5) is also possible but tends to 
rupture the skins. In the example shown the coating on the central 
‘bridge’ feature, often found in coccoliths, has remained intact. 





Fig.3 Deecalcified Cretaceous coccolith. The dark area on the left 
is smectite. The rest of the skin is amorphous. 


However, C and H analysis of the chalk before and after 
treatment with bromine water shows that 68% of the total 
Organic carbon is unavailable for oxidation. This could be 
because it is incorporated in the coatings as suggested by 
Hamano and Honjo’, possibly bedded between the calcite and 
the amorphous alumino-silicate layer. 



































j be, ‘the accurate eae shawl in Figs 2 ahd 3 
ly be silicified organic membranes, and demonstrate 
y that Cretaceous coccoliths can have a coating 
sociated with the calcite. 
thank the Welwyn Hall Research Association for financial 
port for this work. 
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flo ? of stimulation. 1 Information contained i in this a olesi A flow 
a’ can be extrs rected to control movement. I present here 










formation: onset of deceleration is triggered when the 
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nce with, time (A AL “which | is he component of the 

y in the direction | of the target); (4) the solid angle 
ded by the target on the retina (retinal size a); and (5) 
target's retinal expansion velocity (Aa/At). As the retinal 
age is the only source of optical information directly available 
to the animal, the physical variables (1-3) can only be derived 
indirectly via the optical variables (4, 5). x, r-and a are related 
as follows’: 


a= m Oe) rr? /x? (for x >r) (1) 


Gfx = 2r, the error of the approximation is 7%) and in analogy 
to Lee’ for the approximation: 


- d d 
= : RREV = -— = —2— | 
a dt x dr = ae di es 


es reduce their flight velocity before landing and the onset 
eceleration before landing is taken to define the 
the landing phase. Figure 2a shows the velocity 
lifferent landing trajectories compared by setting 
the onset of deceleration. Tests were carried out 
whether the onset is related to the variables x, a, 
Aa/aAr and v/x. Table 1 shows data obtained from 
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Fig.1 Example of a fly trajectory viewed from above. It should 
be viewed with normal stereoglasses. Open circles and lines rèp- 
resent the head and long axis of the fly, respectively. The solid 
circle indicates the position and size of the target. The legs could 
not be seen on the films. Numbers represent the time (s) with 

onset of deceleration set to zero time; 100 frames pers. | 


31 landing trajectories, paaled: at corresponding times to allow 
calculation of the: coeficients. of f dispersion defn or each 





oid dane quotient : are a ‘tial le 
suggests the prime. importance of thes 


indirectly aceessibie, it is “conclude 7 
RREV and not ol x: 
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Fig. 2 a, Time course of velocity in several examples before 
landing; the data were evaluated at 50 frames s ‘ and smoothed 
with a filter: o(7) = 0.25 (u(t = At)+2v(t)+0(t+An), The begin- 
ning of the landing phase is defined as the onset of final deceler- 
ation before landing (and is set to zero time for all trajectories). 
As the scatter of deceleration due to digitizing is 100 cm s~7, the 
measured deceleration must be <-—100cms ° and must not 
exceed 100cms * before landing. b, Dependence of retinal 
expansion velocity on retinal size of a target for 31 landings 60 ms — 
before onset of deceleration. Spearman's rank correlation 
coefficient, p = 0.98. The dependence at other instants is similar. 
The slope of the regression line (dotted line), which is equal to 
the RREV, is 13.287’; the high correlation coefficient demon- | 
lar that the variance of the RREV is low. c, Mean (@) and 
v. (O) of the RREV at different time shifts with respect to onset 
of deceleration (zero time). Coefficient of variation. data’ for the 
RREV are the same as in Table 1. The c.v. minimum: atr=~-60 més 
may indicate the reaction time from the threshold RREV 
onset of deceleration. Dotted lines show the value of. the. | 
corresponding to~-60-ms.- 
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oF that this condition is often not fulfilled. 


we shown that during the last 120 ms before onset of the final 
deceleration their dependence on each other was. strong, that 
is, the variance of the RREV was small, confirming the con- 
___ clusion drawn from Table 1. This is shown in Fig. 2b at 60 ms 
_. before onset of deceleration, the instant of maximum depen- 
_ dence corresponding to the minimum of the c.v. of the RREV 
- (Fig. 2¢, open circles). The mean value of the RREV increases 
-steadily (Fig. 2c, solid circles). Together with the correlation 
analysis, this finding leads to the conclusion that, for onset of 
deceleration to occur, the RREV must exceed a critical value. 
The minimum of the c.v. at -60 ms (Fig. 2c, open circles) might 
‘present the response delay (see ref. 6). Thus, the threshold 
f the RREV is ~13 s"' (dotted lines in Fig. 2c). 
evious experiments on landing using tethered flying 
s’"'? did not yield the same conclusions as presented here 
“flight experiments. In the earlier experiments, 
sion of the legs before landing (‘landing response”), which 
not be seen on my: films, was UKEN asa criterion for the 




































tinal. target size aaiae as BESE? D Eckett and a 
oes not ‘initiate landing of free-flying flies as shown by the 
gh c.v. (Table 1). Furthermore, as the RREV is almost 
independent of real target size (equations 1 and 2), the present 


-size or retinal expansion velocity alone. Other authors® i7 


found that the landing response could be elicited by centrifugal 
movement of striped patterns. This simulates target expansion 
and these results are thus qualitatively consistent with those 
sported here. However, the dependence of the landing 


xperiments with tethered flying flies or in electrophysiologi- 





stimulus’*. 


is, the time needed to reach a target directly approached at 
constant velocity’’.. As many landing trajectories are neither 
direct nor of constant velocity, a simple interpretation of the 
RREV as time to collision is not applicable. The RREV, 
however, represents the more general case: it gives information 
about the distance toa target not in absolute, but in relative 
units dependent on both the translation velocity and the direc- 
tion of flight with respect to a target. This means that a distance 
is tagged with a time. Thus, the important cues for landing are 
times and not distances. Similar arguments might hold for 
escape responses and even control of cruising flights. The pres- 
ent conclusions agree well with a theory established by Lee and 
co-workers*’* for humans and birds, and prove that exploiting 
variables i in the optical flow field can provide simple solutions 
i r rather complex orientation tasks. 
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oo AL wack instant p one value per trajectory was used to calculate the c.v.. The cv. of the RREV and the quetieat Of 'vetotiiy and distance 
from fly to target should be identical if the flies approach the target in a straight line [equation (2). The differences. between these: cv. indicate 


conclusion can better explain landings on targets of various. 
dimensions than hypotheses which take into account retinal. 
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sponse on the RREV has not yet been investigated, either 2 
visceral sympathetic. denervation by coeliac. ganglionectomy ~ 


vestigations of units with selective response to an expand- E 


Formally, the RREV is the inverse of ‘time to collision’ , that 
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The anorexic action of. TE E is thought to be mediated 
by central dopaminergic and noradrenergic neurotransmitter. 
systems’ *. However, some of its UE EEE a effects can 
be attenuated oy denervation or by a j | 
the 







response curves ‘ot t tres feeding ‘pats i with 


(GAN) were compared with those of sham-operated controls = 


(SHM). We report here that ganglionectomized rats were pro- | E 
-tected from the anorexic effects of low doses of amphetamine 
(0.2 or 0.4 mg per kg interaperitoneal, i.p.). We suggest that 


the anorexia might result from enhanced hepatic glycogenoly- 
sis*, and the subsequent : stimulation. of kepati metabolic recep- 
tors that inhibit feeding’. 

Sixteen male- Long-Evans Hooded rats {C batles- River) = 
weighing 216-246g were maintained on a 12:12h light/dark = 
cycle (dark period beginning at 17.00) with food (Wayne lab ae 
blox, Chicago) and. water: continuously available. Half the = 
animals were subjected to coeliac. ganglionectomy by the 
method of Lambert’: the others were subjected to identical ae 
procedures except that the ganglion was not excised. After < 
surgery, GAN rats showed a transient 2-day hypophagia accom- 


panied by diarrhoea, which isa good indication of complete 


ganglionectomy. “Rats were given 24 days to recover after 
surgery. They were then tested in groups of four (two GAN ¢ 
and two SHM) every four days. All received four salineinjection ~~ 
trials, to habituate them to the drug administration and 
measurement regimen, followed by counterbalanced injections 


of saline or (+)amphetamine sulphate (0.2, 0.4, 0.6, 0.8 or 





1.0 mg per kg ip.) , : T 
The procedure used for’ ‘habituation: and t esting \ was as 
follows: 1 h before the 8 Start of the: dark od, each- 











cimbousty® but, for) purposes, of data analysis, w was 

ito 30-min. intervals. 
rate three- “way. analyses. of variance (group x dose x 
) followed by Tukey’s post hoc tests, were done on the 
food intake and activity measurements, Amphetamine caused 
a dose-related anorexia (F(5, 70) = 8.31, P<0-001): oe the 


SHM GAN a 


Aae ro 0 0.2406 050 
PER ‘Amphetamine (mg per kg) 
20. min cumulative food intake (a) and 90-min cumu- 
} of sham (SHM) and coeliac ganglionectomized 
measured after administration. of various doses 
*P<0.05 compared with saline-in ioated controls 
a ae test). | 


> 59, P<0, O01: see e Fig, 1b). Thus, ‘the pane 


curves of SHM. and GAN. rats differed, ‘put 
responses were the same. Disrupting the sympathetic innerva 
tion-of the viscera. caused an attenuation of anorexia: that. Ww: 


independent of the hyperkinetic action of amphetamine. This 


sympathetic mechanism accounted for a relatively large propor- 
tion of the anorexia atlow doses of amphetamine, and relatively : 
little at higher doses. : 

Itis unlikely that nonspecific effects of the coeliac ganglionece ue 
tomy affected the results. The food intake of SHM and GAN. . 
rats after injections of saline was statistically indistinguishable, 
as was activity after all injections. Furthermore, GAN rats ate 
more food than controls after low doses of aniphetamine, which 
suggests there was no. general debilitation. | 

use coeliac psig innervates most at the Caan vis- 


o. aed adrenal 


latency, when administere intraportally or "intraperitoneal 


than systemically” Dat ni ‘the 
anorexia induced. by | l e. "glucagon, “adrenaline and 
amphetamine "7. Both cl ctricnE, stimulation of aaia m 
pathetic fibres: and ip- y 
cogeno! ysis S, nally, gluc 


potent in rats with high vathë! arei Tow erat level 
por abie mec ch nam for ine e nuaa amphe 


hepatic nerve e fibres, Deri e in dsi 
sequent activation or j metabolic recepiors capable o of inhibit 
pon : C 


nerve, this me di | 
either directly on the liver or ts ocal innervation, or indi T 
via a sympathetic discharge which originates in the CNS. a 
which activates sympathetic fibres that travel to the. 


However, recent evidence suggests: that direct stimulation of 


the liver by amphetamine may be relatively unimportant, as 
amphetamine-induced anorexia was more effectively blocked 
by coeliac ganglionectomy. than by subdiaphragmatic vagotomy 
but adrenaline-induced anorexia was attenuated to. the same 
extent by these two surgical procedures’. As adrenaline is a 
sympathomimetic which, unlike amphetamine, does not easily 
enter the brain,.and. because the coeliac ganglion provides 
hepatic sympathetic innervation, the additional protection from 
amphetamine anorexia afforded by coeliac ganglionectomy may 
reflect interruption of sympathetic discharge of CNS origin. 

Blundell and Burridge’’ suggested that amphetamine- 
anorexia consists of additive noradrenergic and dopaminergic 
components. In their model, the anorexia attributable to 
noradrenaline (NA) increases over low doses of amphetamine 
but reaches a maximum ~0.5 mg per kg. The anorexia attribu- 
table to dopamine (DA) has little effect in this range, but 
increases rapidly for doses >0.5 mg per kg. Although. there is 
evidence which seems to contradict the Blundell and Burridge 
model*’*, it is tempting to speculate that the dual anatomic 
(brain and periphery) and neurochemical (DA and N? 
mechanisms may correspond. One might represent a 
mediated. dopaminergic factor, and the other, a perip 
medidteg aanren rge iio wana derange 













rexia ı changes from NA to DA, 






locus for the anorexia induced by amphetamine, but these 
-studies have used large doses, food-deprived animals or insensi- 
: tive measuring techniques’’’. We have found that these condi- 
tions are the reverse of those required to observe differences 
in feeding between sympathetically denervated subjects and 
< their controls. This Suggests that the usual techniques for screen- 
ing anorexic drugs using large doses and food- deprived rats 
— omay be inappropriate, because such tests would not recognize 
- -active anorexigens that had sympathetico-hepatic effects. 
< This research was supported by National Institute of Health 
NS07687 to D. Novin and NS10928 to L.L.B. 
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7 main mnaa 


Itis generally accepted that membrane-bound charges or 
dipoles moving under the influence of the transmembrane elec- 
tric field produce conformational changes that result in the 
opening and closing of ion-selective channels’. The location of 
these charged groups or dipoles is unknown but it has been 
speculated that they are sited either inside the channel 
macromolecule or. embedded in the lipid bilayer’. We report 
-here that in the squid axon membrane, the general anaesthetic 
-chloroform reduces the magnitude of the gating currents but 
has no effect on their kinetics. In contrast, chloroform increases 
-the rate of charge translocation of the lipophilic ion dipicryl- 
amine (DpA”). These results indicate that the gating charges 
; responsible for the opening and closing of the Na* channel do 
not move in the bulk lipid of the membrane as do DpA™~ 
molecules, but that they move in a physical domain where their 
kinetics are unaffected by changes in the structural parameters 
of the lipid matrix. It is therefore unlikely that general anaes- 
hetics act to modify the kinetics of the opening and closing of 
ionic channels. via modifications of the structural parameters of 
the lipid matrix’. 
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> major contribution to x ‘perfusio 


Previous reports have negated the possibility ofa peripheral i 


rrents. simul- 





aia the. axon was bathed i in a a reduce Na "concentration My 


(Fig. 1b, trace 1). In these conditions, 431 aM of chloroform 
added to the internal perfusion solution reduced the Na” current 
in parallel with the gating current (Fig. 1, trace 2). Both effects 
were reversed on removing the chloroform: (Fig. 1b, trace 3). 

The effect of chloroform on the Na” and gating currents was 
not reversed by hyperpolarizing prepulses, suggesting that these 
effects are not related to the mechanisms of inactivation. | _ 





‘the inward — 





To analyse the effects of chloroform on gating currents, the ae 


Na* current was eliminated. by substituting the external Na* 


with the impermeant ion Tris and by the addition of 300 nM 
tetrodotoxin (TTX). Figure 14, traces 4, 5, shows that 


a ©) Chloroform 








E ms 


204A cm cm ie 





Fig. 1 Effect of chloroform on the Na’ ardd corrent: and: the miu ee 





currents. a, Trace 1, inward Na* current before treatment with chloroform; 07 


trace 2, abolition of the Na* current when the axon was internally perfused © 
with a solution containing 60 mM chloroform. Traces 1 and 2 were obtained 
under voltage clamp by pulsing to ~10mV from a holding. potential (HP) 
of —70 mV, Leakage and linear capacitive currents were. subtracted using 
the P/4 technique with a subtracting holding potential (SHP) of ~140 mV 
(for details of the technique see ref. 4). The external solution was 
440 mM NaCl, 50 mM MgCl. 10 mM CaCl., pH 7.2. The internal solution 
was 100 mM N-methylglucamine(NMG) glutamate, 100 mM NMG fluoride 
and ~ 400 mM sucrose adjusted to make the internal and external solution 
isosmotic, pH’7.2, 3°C. b, Trace. 1, axon with low external Nat allowed 
measurement of the ON gating current as well as the Na” inward current. 
Trace 2, when perfused with a solution containing 43 mM chloroform, a 
significant reduction in the Na” current was paralleled by a. reduction in 


the gating current. Trace 3, on removal of chloroform, both effects WETE ii 
reversed. Trace 4, ON gating currents measured in the same axon as imo ooo 


traces 1~3, after eliminating the Na* current with an external solution 
containing Tris and-300 nM TTX. Trace 5, partial decrease in the size of 
the ON gating current when the axon was perfused with the same solution 
as in trace 2. Trace 6, after removing chloroform, the gating current was 
almost completely recovered. The full effect of chloroform’on the Na” and 
gating currents occurred. within seconds. of beginning the. perfusion: with 
chloroform-containing solutions; recovery. was complete: within <1 min 
after removal of chicroform. Traces 1-6 were obtained by pulsing to 30 mV 
from HP = ~70 mV using the P/4 procedure with a SHP of -140 mV. The 
external solution (traces 1-3) was 88 mM NaCl, 360 mM Trizma 7.2,50mM 
MgCl, 10 mM CaCl. Traces 4-6 were obtained using an external solution 
containing 450mM Trizma 7.2, 50mM MgCl,, 10mM CaCl, and 
300 nM TTX. The internal solution in each case was 100 mM. NMG fluoride, 
100 mM NMG. glutamate and ~400mM sucrose, pH Hey IC: Where 
indicated, chloroform was added. to the internal sölation ih was stirred 





pond to » the fraction j w/ i) added. Yn che experment reported hike 9 we did 
not add chloroform to the external solution because the E 


chamber consisted of acrylic. plastic Penne, 
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T nt (Fig. pra trace 2) od again Ne fitted. with two 
xponentials having time constants te= 112 ys and rs = 587 uS 
ich, within our resolution, are identical to those obtained in 
_ the fit of trace 1. However, the amplitude of the fast exponential 
component was reduced by about. half -but there was no 
3 significant change in the amplitude of the slow exponential 
_ component. ‘This effect was seen for both depolarizing and 
< hyperpolarizing pulses. The difference record between the gat- 
_ ing current before addition of chloroform (Fig. 2a, trace 1) and 
_ during chloroform (trace 2), shown in Fig. 2b, is fitted by a 
ngle exponential (solid trace) with a time constant Tp = 126 ps. 
2b represents the fraction of the fast component elimi- 
cn A more dramatic. reduction of the fast 


‘¥ 2 5 E 


: ien a as These face o ate al tad nee 
- the degree of order (for example, fluidity) of the lipid hydro 


bon chains (see refs 3, 6). Lipophilic ions such as DpA 
tetraphenylboron have proved useful i in elucidating these st 
tural parameters of lipid bilayers?” . The general behavior 
lipophilic ions in membranes is phenomenologically similar to 
that of gating currents, because they bear a charge but. are 
trapped inside the membrane’, It has been shown that changes — 
in the structure and composition of the bilayer greatly affect — 
the transport of these lipophilic ions. For example, Reyes and. 
Latorre? demonstrated that pharmacological concentrations of 
the neutral general anaesthetics chloroform and benzyl alcohol 
significantly increase the translocation rate of the hydrophobic 
ion tetraphenylborate in lipid bilayers, indicating that these _ 
anaesthetics change the dielectric constant of the lipid matrix: 
As these physical changes should affect the movement of any — 
membrane-bound charge, a similar effect would be expected ~ 
for the charge movement of the gating particles responsible for _ 
the opening and closing of Na” channels. However, the results 
presented here show that this is not the case. The gating current 


kinetics of the fast and slow components were unmodifiec 


chloroform, which: indicates. that th “mech; 
chloroform on gating currents: y different fr pet thal 
ment induced by pophilie i ions, 00 o S 
To confirm th t chloroform, as the same general efie 
the membrane of squid giant axon as it does on lipid bilaye 


we incorporated. the lipophilic i ion DpA™ into the squid 


axon membrane and measured the effect of chloroform on th ; 
induced. charge r novement. As shown in Fig. 3a, DpA™ pro~. 


duced a very large charge movement having characteristic 


similar to those described by Benz and Conti® (details © 
these results. will be. published elsewhere). When the axon wa 


Ocom 


a e | “Fig. 2 Effect of chloraddiin of the ON gating currents. a, Trace 1 shows an ON gating current measured using the P/4 procedure in the 


3 absence of ionic currents for a test pulse of +100 mV from a holding potential of -70mV {SHP = 


+150 mV). The solid line represents a 


xponential fit witha fast time constant, 7-= 126 us and a slow time constant, 7s = 571 as. Trace 2 shows the effect of internally perfusing 
n with a solution containing 60 mM chloroform; this trace could again be fitted with two exponentials having time constants rp = 112 aso 

7 ws, Chloroform reduced the amplitude of the fast component to about half without altering the kinetics of the remaining fast 
ponents. b, Numerical difference between traces 1 and 2 of a, which corresponds to the fraction of the fast component eliminated: 


The solid line’ represents a ‘single exponential fit with ti 


me constant tr; = 126 ps. a, A more dramatic reduction of the fas 


different axon internally perfused with a solution containing 60 mM chloroform. Trace 1 corresponds to the ON gatini 
t pulse of +110 mV from a holding potential of -70 mV (SHP = —140 mV). A. two-exponential fit (solid line) gave oth 
8 ss and ty 308 | BS. Trace 2 shows the gating current remaining when the axon was perfused with the chloroform-cont 
l was reduced by ~85%. d, The numerical difference between traces 1 and 2 
Fe onential | fit with a time ‘constant te= 111 Bs. ao i 












G) Chloroform 





G) Control 


‘DpA™ iy a md sexier The c ‘currents oe to asian 






“membrane: potential, As the induced charge movement was so. 
- large, correction for the normal gating charge movement was- 





solution. containing 43 mM chloroform on the kinetics of the — 
DpA” -induced charge movement. In contrast to the effect obser- 





_ movement was increased by. chloroform {traces 1 and 2 were 
-obtained by pulsing to +30 mV from a HP of ~70 mV witha SHP 
of ~140 mV). The effect was reversed after removal of chloroform. 
ne. data. shown are for th same axon and solutions as used for 

2 f Fig. 1b (tr - a), and demonstrate that the contrast- ` 
ng. effects of chloroform on the Na” gating currents and the 
DpA -induced charge movement can be observed in the same 
z axon in identical conditions. 










perfused with: a solution containing 43 mM chloroform, the 
translocation rate of DpA™ was increased significantly as indi- 
cated by a larger initial current and a faster decay (Fig. 35). 
< The voltage dependence of the DpA™ charge movement was 
- unmodified by chloroform, indicating that the observed change 
in the translocation rate represented a reduction in the activa- 
‘tion energy that the DpA™ molecules must overcome to cross 
the membrane, in „good agreement with the observations of 
Reyes and Latorre? for artificial bilayers. Thus chloroform has 
similar effects on the structural parameters of squid axon and 
lipid bilayer membranes. 

_ These experiments therefore indicate that Na* channel gating 
charges do not diffuse through the bulk lipid matrix of the 
membrane as the DpA™ molecules do. It is therefore question- 
ble to use hydrophobic i ions as analogues of the Na” gating 
harge movement. This conclusion has important implications 
renders unlikely those classes. of model in which the gating 


to the aggregation of several charged 
by the field to form an operational 
ents also rule out models in which the 

) f gener etics is to enhance the rate at which 
the Na’ gating charg s move between closed and open States, 
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` thee inability. to examine the various co 
-Our experiments suggest the possibility of u a 
a tool to dissociate the fast from the slow. ‘component and to ` 


applied, from a holding potential of -70 mV, to the indicated — a | 136. Harrison eme Ropa, Massachusetts 02111, USA: 


unnecessary. b, Effect. of internally pe fusing the axon. with a A The è rat iaeiei omo itys cell lir ne PCI (ret. Dp poss esse 

Ae many characteristics of adrenal chromaffin cells, i nelu ding 

-ved for the ON gating current, the rate of DpA”-induced charge — i ec 
: tesporise to acetylcholine. pile other ‘depolai 


teristics, ‘including the extension. of neurit velo, : 
` voltage-sensitive ion channels and electrical excitability, and — o 
Biochemical and pharmacological evidence indicates that both a 


adrenal chromaffin cells and sympathetic neurones contain, in — 
addition to ganglionic-type nicotinic receptors, muscarinic — 


s of the Na™. channel move freely in the lipid matrix and. 


Maguey cultures » were in 



















loroform 3 as? a 


study the correlation between these. component s and the Na* 
conductance to elucidate further the gating processes of 
voltage-dependent channels. 

We thank Drs S. Krasne, J. "Vetpars and M. White for helpful 
comments on the manuscript. This work was supported by a 
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When exposed to 2.58. nerve growth inter Gi = ing age 
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increased. capacity to synthesize and release acetylcholine** 






choline ergic receptors. proposed to modulate catecholamine 
release™™?, Catecholamine release from PC12 cells is directly — 
stimulated by nicotinic, but not muscarinic, cholinergic agon- 
ists’. Although ion flux through acetylcholine-activated chan- 
nels in PC12 cells is inhibited by high concentrations of the 
potent muscarinic antagonist quinuclidinyl benzilate (QNB)", 
the possibility that these cells may contain functional muscarinic 
receptors has been largely overlooked. We show here that PC12 __ 
cells contain saturable, high-affinity binding sites for *H-(—)- 
quinuclidinyl benzilate CH-QNB), which seem pharmacologi- A 
cally comparable with muscarinic receptors described inrodent 
brain’*’*, smooth muscle'”"* and adrenal medulla’?, Moreover, - 
treatment with NGF produces a marked elevation of Specific 


7H-QNB binding. PC12 cells thus may provide a useful system 


for investigating the biochemical mechanisms, 
tion and regulation of muscarinic Peceptors: 
trophic signals. — aoe 

PC12 cells ler 23-32). we re derive 


cellular distribu- , 
y hormones and 



















rom 1 the clone oe 














viously? 















and neurites Ww sap | EERTE by Bae microscopy. 
shed twice by centrifugation (1,000g, 10 min) and 
on in 0.1. vol. of 320 mM sucrose, 50 mM phosphate, 
mM EDTA pH 7.2 (SPE buffer) at 4 °C, and counted using 
a. jaemacytometer. To prepare. membranes, cells were 
homogenized for 30's with a Potter-Elvehjem homogenizer and 
centrifuged for 10min at 1,000g to pellet the nuclei. 
Homogenization and centrifugation: were repeated on the 
nuclear pellet, and the combined supernatants were centrifuged 
at 120,000g. for 60 min to obtain a crude membrane 
(mitochondria +microsomes) fraction. The membrane pellet 
‘was resuspended in SPE buffer (3-5 mg protein per ml) and 
used within 12 h for the binding measurements. All fraction- 
ation steps were performed at 0-4 °C. 

he concentration dependence of *H-QNB binding at equili- 
2 cell membranes was determined in the absence 
f 10°* M atropine (Fig. 1). Scatchard analysis” 
QNB binding (Fig. 1b; total minus nonspecific 
cated a single, high-affinity class. of Rig sites 

















QNB binding ti to muscarinic cholinergic pe reports in 
, smooth ee bag and adrenal enced as - Inter- 
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Fig. 1 Binding of H- ‘ONB to membranes from untreated PC12 
` cells as a function of “H-QNB concentration. PC12 cell mem- 
branes (100-160 yg protein) were preincubated for 10 min at 
30°C in microfuge tubes containing 0.9 ml of 50mM Na* +K” 
-phosphate buffer pH 7.2 plus or minus atropine sulphate (107° M 
final: concentration). A volume of “H-ONB (NEN: 31.2 Ci 
| mmol” ") was then added to each tube to give the indicated final 
“H-ONB concentrations. Following incubation at 30°C for 60 
min, 0,8-ml aliquots were removed from each sample and filtered 
ider suction through 25 mM Whatman GF/F glass fibre filters. 
filter was washed four times with 5 ml of ice-cold 50 mM 
hate, then dried and counted in 10 ml Beckman Ready Solv 
ion fluid using a Packard Tri-Carb liquid scintillation 
Sig points are the means of duplicate determinations, 
ated by <15 y. from the indicated values. The protein 
determined by the Lowry method”? . a, Total binding 
(@); nonspecific binding in the presence. of 10°°M 
(©). b, Scatchard plot of specific *H-ONB eeu from 
A _ the experimental data s siomi in a. | 
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formula ICs9* = 1C59/1 + LLY Kg where Kais the measu 
dissociation constant for “H-QNB (0.146 nM) and igi A 
z of Faitioligand pi present (0.2-0.6 a | 
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Fig. 2. Competition for specific °H-QNB binding to PC12:mem: 
branes by different concentrations of cholinergic drugs: atropine 
(@), oxotremorine (©), pilocarpine (C), (+)tubocurarine (A), 
carbamylcholine (A), nicotine (x), Binding assays were performed E 
essentially as described in: ‘Fig. 1 legend except. that different 
‘concentrations of competing ligand were. present during the initial 

. preincubation and a single concentration of “H-QNB (0.2-0.6 1 

was present during the: final incubation.. Nonspeci 

been subtracted from tot ) ani 
_ specific binding in © controls thout inhibitor haw 
points represent the means of duplicate or triplicat 
| ments, which. ranged within. 15% of the means. 
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Ta -bungarotoxin—a selective probe of nicotinic choline 
receptors at neuromuscular junctions. The relationship | o 
bungarotoxin binding sites to functional nicotinic receptors 
PC12 cells is unclear, however, because the toxin fails to blo ic 
the nicotinic gs dares napone in these cells” 






tivity of igand mae i 
brain and other p tissues" 


but may receptor. rezac ; f 
shifts’*. Hill analysis (not shown).of the ae biting ata 
2 suggested similar complexity for agonist but not antag f 
binding to PC12 membranes. Estimated Hill coefficients we 
0.55 for carbamylcholine, 0.74 for oxotremorine, O. 81 fo 
pilocarpine and 1.06 for atropine. : 

NGF treatment of PC12 cells is known to induce choline 
acetyltransferase, increased synthesis, storage and release o > 





Table 1 Relative abilities of cholinergic drags i to inhibit specifi 
`H- QNB binding to PC12 cell membranes 





Drug ICs" (M) 
Atropine 1.2x 107° 
Oxotremorine 1.6x10° 
Pilocarpine 7.4x10°° 
Carbamylcholine 2.6 x10 
(+ )Tubocurarine 14x 104 
Nicotine { 


concentration of inhibitory drug. which reduced a. HON: x 
ing by 50%, corrected for the shift in radioligand occup: 

















‘H-QNB bound (fmol per mg 





a og = 12 16 
. Days of NGF treatment 


Fig. 3 Effect of NGF treatment on specific 7H-ONB binding, 
Parallel cultures were: plated and maintained in medium with or 
without NGF (50 ng ml‘). Medium was changed every third day. 
5 ding was determined as described in Fig. 1 legend, 

ing 10 7M H- ONB in the presence and absence of 10 °M 
pine. Values represent means +s.e.m. of triplicate determina- 
ions: NGF- treated cells plated at a density of 4x 10° cells: per 
. (®); untreated cultures plated at a density of 4x 10° _ cells 
per em? (A k untreated cultures plated at 2x10? cells per em? (A). 








of ci tered. “vesicular ‘structures paler 
ynapti resco Ea _ When - we no the 


































rd pulation a. muscarinic eae a sites a 
emically defined, developmentally important, neurotrophic 

ice, These binding Sites. appear pharmacologically 
juivalent to muscarinic receptors. in normal neural tissues. 














tissues, however, require further study. Muscarinic receptors 
are proposed to influence adrenal cells and sympathetic 


cal data are derived from the mammalian heart in vive, where 
_ presynaptic muscarinic receptors on sympathetic nerve endings 
augment the effects of vagus stimulation by inhibiting release 
of catechol- amines”. PC12 cells thus may provide a useful 
-system to study the biochemical aspects of muscarinic receptor 
_ function in vitro, as well-as the effects of hormones and trophic 
substances on the expression of these receptors. 
We thank Val Slayton for technical assistance. This work was 
supported by grants from the American Cancer Society (PDT- 
171) and the National Cancer Institute, DHHS (R23 CA- 

808), and the Charles A. ee Trust. 
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haemorrhage by a mechanism | ‘inyolvin 


platelets to the vessel wall, and it mediates platelet-platelet 
< interaction. This. interaction requires an appropriate receptor 
on the platelet surface. L 


to platelets and to cause their aggregation i r agglutination”. i 


: Thrombin causes ‘platelets to change shape from discoid to spin: 
spheres, and alters the platelet membrane resulting in release | 
of ADP, serotonin and other constituents of platelet storage 
granules’, We recently showed that low concentrations (0.1- 


physiological functions: both in PC12 cells and in normal 


neurones in several ways®'*, but the most extensive physiologi- 


test having a detection limit of 0.5 xg fibrin 
the use POF a an even more sensitive e radioimm n 
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Adenosine diphosphate induces 
binding of von Willebrand 
factor to human platelets 
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Blood platelets seal off. denks in. the | Ta oi prevent 

















adhesion to the zone of vessel injury and 
physiologically important haemostatic process requir 
VHE/von Willebrand factor. (vWF), a ‘plasma gl coprotein 
ing in the genetic, haemorrhagic disorder called von Wille! 
disease, in which platelets cannot adhere to the subendothelial 
layer of the vessel wall’, ‘Thus. vWF is necessary for anchoring. 





intil recently, the antibiotic ristocetin 
was used to induce in vitro receptor-mediated jinding of vWF. 


But although a useful la oratory tool’, ristocetin is. learly 
mip date fae so we turned our attention to thrombin 


0.5 nM) of thrombin, attainable in blood, induce binding of 
vWF to a specific platelet receptor”. We now report that the : 
binding of vWF to platelet receptors is also induced by ADP. 
on its addition to platelets. Moreover, ADP released from 
platelet storage granules by thrombin is, at least in part, respon- 
sible for subsequent binding of ‘**I-labelled vWE. ce 
Platelets from human blood were separated from plasma. | 
proteins. by stepwise albumin gradient centrifugation and 
Sepharose 2B gel filtration as described earlier'’. All experi- 
ments were performed with platelets suspended'in HEPES  ~ 
buffer, pH 7.35, containing 0,1% dextrose and 0.35% albumin. 
Human vWF was purified and labelled with "I, as before’. 
This preparation was rendered essentially free of fibrinogen’ | 
and fibronectin by passage through an anti-fibrinogen antibody 
Sepharose 4B affinity column and a gelatin-Sepharose 4B 
column. Purified VWF gave negative results for fibrinogen con- 
tent in immunodiffusion and in ‘the staphylococcal clumping 
en per ml’, By 
mony; we found 

















































































ding had reached equilibrium (see below). The 
was sampled for free radioactivity, and bound 
vity was measured in the platelet pellet which was cut 
) ether with the tip. of the tube after rapid freezing of its 
ents in a mixture of dry ice and acetone. Aggregation of 
platelets was measured photometrically in a Payton (Buffalo, 
New York) dual-channel aggregometer at 37 °C with constant 
; stirring (900 r.p.m.) according to Born’s meth 

Intact. resting platelets, separated from plasma proteins, 
bound little '*I-vWF. After stimulation with 5 uM ADP, at 
least three times more '?*]-vWF was bound (Fig. 1); this binding 
approached saturation at 2,8-5.6 ug 2I .yWF, and equilibrium 
binding was achieved within 30 min. Whereas approximately 
the bound '™I-vWF could be displaced by a 100-fold 
l belled VWF, a Similar excess o unlabelled 
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ee! of 12 “I- labelled human vWF to alataiets treated 
w -i ®; 5 pues ADP onsa apyrase Sa 4 U; ‘< 9), 






o s kantei 


and 3 = ee ac ‘Oil C | el. 13) 2 at 60 1 min, by 


above ae mse (3.0 U) roa ADP | was added to 
Branules of 


enzyme apyrase to thrombin-treated platelets reduced bindir 


dense granules and present in the platelet ‘environment’, A 


a prerequisite for their aggregation or agglut 


aggregate. Indeed, the induction of vWF binding to humi 


_of Born’ that ADP is one such trigger, which by promotin 


| =o vessel wall and to aggregate. In vivo activation. of plat 








n E a activation in vivo may occur within 10-100 m ms s (ref 
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oe 


Oy 


‘Time (min) 


Fig. 2. Aggregation of platelets: separated from plasma prote 

by ADP ane vWF (actual tracings). Upper panel, ADP (5 aM) 

without vWF: middle: panel, ADP + vWF (30 wg); lower. P 
ristocetin (1 mgml™ )+ vWF. 





by 73% showed that endogenous ADP, released from platelet 


responsible in large part for inducing the binding o 
to thrombin-stimulated platelets. ADP-induced dingi 
vWF required calcium as both EDTA and EGTA 
inhibited the interaction. __ : a 
If binding of multimeric. 25). WE to the platelet surt ip’ 
BY ti i 








lated in the case of ristocetin-induced binding’, then pla 
stimulated with ADP in the presence of ‘**I-vWF. should al 


platelets by ADP was paralleled by their aggregation 
platelets, separated from plasma proteins, did not aggregate 
response to either ADP or ristocetin'', However, addition o 
purified vWF (30 yg) induced aggregation of both ADP- and 
ristocetin-treated platelets (Fig. 2). As the fibrinogen conte 
of our purified vWF preparation was < 0.00006%, and sin 
platelets were not responsive to ADP in the absence of added 
'251_.vWF, we believe that the observed aggregation of platelets _ 
resulted from the induction of the specific receptor for vWF by 
ADP and the subsequent linking of platelets by bound multi- 
meric VWF. 
The previously observed interference by ADP of human: 
vWF-stimulated platelet agglutination in the presence of EDTA 
and ristocetin’’ can be attributed to changes in the vWF receptor 
induced by a combination of ADP, ristocetin and EDTA. It is. 
possible that this combinaton causes a downward shift in the 
affinity of the receptor for vWF, in contrast to the effect of © 
ADP alone as observed in our system requiring divalent cations, > 
A major question pertains to nature of the trigger responsible - 
for activation of platelets in vivo. Our results support the view 













interaction of vWF with platelets allows them to adhere to. 







administered intravascularly by microi 
‘them to adhere to the vessel wail’®. Althoug 










ultimeric cot aps to j form, an ‘anchor for the aan 
latelets to the inner zone of the vessel wall and to each other. 
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ucagon-lik mmunoreactants (GLIs)._ are peptides of 
nteric origin, which have immunoreactivity in common with 
: pancreatic glucagon. First reported in the intestine by Unger 
et al.', GLIs are concentrated in the L-cells of the lower small 
atestine and the colon’. The primary structure of gut GLI-1, 
glicentin, : a highly urified form of the major component of gut 
GLIs’, has recently been established. Glicentin contains 69 
amino acid residues, | has a molecular weight (M. ) of 8,128 (ref. 

and contains the entire glucagon sequence**, thus establish- 
ng it as a member of the hormone family which includes 
lucagon, secretin, gastric inhibitory polypeptide and vasoactive 
intestinal polypeptide. Until now there have been insufficient 
amounts of pure glicentin to test its proposed role in the 
ntestinal phase of the body’s response to a meal’, but there is 
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‘Bovine thrombin, hirudin, ADP, apyrase, creatinine phos- injection of either 2 ml saline or 3 ug per kg. glicentin i in 2 ml 
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vidence which nuggests that, ange ; other members of the hor- | 







‘manipulation, the rats were pla 
stomachs were rinsed out byt in 






on, pe nou (25 ie 
per kg: Peptavien, 1C) was given ysubcut neously- (s.c. 





saline was given intravenously ‘(i.v.) followed by infusion of 
either 0.9% saline (2mih™') or glicentin (600 ngh) in 2 ml 
saline in random order. Another 8 rats received. glicentin 
(120 ngh™') and 10 rats received glucagon (1,000 ngh). AN 
solutions contained 2% human albumin (Behringswerke). The. 
concentration of glucagon-like immunoreactivity in plasma 
sampled at the end of the infusion were measured, after ethanol- 
extraction of the plasma. (61%), with a radioimmunoassay 
specific for the glucagon sequence 6-15, which is also present 
in the glicentin molecule". Gastric juice was collected con- 
tinuously and sampled at 30-min intervals. Acid output was 
determined using an autotitrator (Radiometer ABU 13), ai 


Glicentin or saline 
iA pm antmntitcnceenreoemmnssessnnmervvaliiine 
4 Pentagastrin (25 ug per kg s.c.) 


0.10 


0.05- 





Saline” 











“} Glicentin (600 ng per h) 





30 2 60 %9 nwo 
Glucagon or glicentin C g a oe 2 a ra 


Pentagastrin (25 yg per kg per h} 


Acid output (mequiv H+) 





60 120 180 
Time (min) 

Fig. 1 a, Effect of i.v. glicentin infusion on submaximally stimu- 
lated gastric acid secretion in the chronic-fistula- rat. Acid output 
(milliequivalents H*) did not exceed baseline values, Control rats 
were treated with saline. b, Effect of iv. infusion of glicentin (O, 
120 ngh; @, 600 ngh- ") and glucagon (A,:1,000ngh™') on 
maximally stimulated gastric acid secretion in the chronic-fistula 
rat. During infusion of glicentin (both doses), acid output 
decreased significantly. Glucagon had no effect on acid secretion. 
For a and b, each point. represents 30. min acid secretion (meant | 

sem, of 10 ats). 
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g lic 
he last hoa, pentiigastrin alone was ‘amused. The 
xperiment was performed with glucagon (1,000 ng per 
bolus injection of 5 ug per kg. Gastric juice was 
ted and acid output determined as described above. 
. porcine glicentin used was isolated as previously 
_ described’ and gave a single band on analytical isoelectrifocus- 
ing and polyacrylamide gel electrophoresis. The content of 
_ gastric inhibitory polypeptide was <100 p.p.m. (ref. 11) 
and that of vasoactive intestinal polypeptide was 70 p.p.m. 

(Moody, A. J. M., unpublished data) as determined by radio- 

immunoassay. 

We observed a marked effect of glicentin on gastric acid 

secretion. After submaximal stimulation (pentagastrin, 25 ug 
per kg s.c.) the acid response was completely abolished by the 
infusion of glicentin (Fig. 1a). After maximal stimulation (con- 
tinuous i.v. infusion of pentagastrin, 25 wg per kg per h) the 
id output decreased in a dose-dependent manner during 
taneous infusion of glicentin. When infusion of glicentin 
stopped, there was an immediate increase in gastric acid 
Glucagon at 1,000 ng per h had no effect on acid 
Fig. 15). The levels of glucagon-like immunoreac- 
plasma obtained after infusion of glicentin at 600 ng 
d glucagon at 1, 000 ng per h, were 5414135 and 
94 pmol-equivalents I’ , respectively, compared with 
‘27 pmol!’ in rats receiving saline alone (mean+s.e.m.). 
| The present study demonstrates that glicentin i is a potent acid 
secretion inhibitor and the fact that it is effective in low doses 
supports the view that GLI-1 may act as an enterogastrone 
n the intestinal phase of gastric acid secretion. As glucagon, 
in doses greater than those of glicentin and giving rise to 
lar concentrations of glucagon-like immunoreactivity, was 
ective, it is polar aad that ane action of ao is due to 
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n Podospora anserina, a strict aerobic fungus, senescence’ 
arrest of vegetative growth of the mycelium) is correlated with 
re modifications of the mitochondrial DNA similar to those 

dir a rho™ mutajits of peeh Senescent cultures yield 









kaged in maltima series of sizes™ and which 


amplification of either one of two non-overlap- 
ents of the mitochondrial DNA**. One region 
) ng [2.6 kilobases (kb)] is most frequently amplified, 
t strains of P. anserina and also in subcultures of a 














1.699 gcm ° SEN-DNA hybridizes to a 2.6 kb position as well, 


chromosome and as rare free sequences® ` The results pre en 
here show that (1) the free form is absent from two st 
mt* and s mt” cap'l, which both display increased longevity 
and which differ respectively from the s mf” strain by a nuclear 
allele at the m locus and by a mitochondrial mutation conferr 
ing resistance to chloramphenicol; and (2) in the mutant mexi, 
which develops beyond the edge of arrest of a senescent — 
mycelium, that is, escapes senescence, the mitochondrial DNA 
precisely lacks the 2.6kb region. The results suggest that — 
excision and/or amplification of the 2.6 kb sequence is the cause te 
of senescence. ne 

We previously reported that senescent cultures of P. anserina. 
contain one of two types of SEN-DNA differing: by their. — 
density“, The first type has a density of 1.694 gm’ (identical 
to that of the normal ‘young mitochondrial DNA) and exhibits. 
a variable monomer unit comprising 4~6.3.kb. Cross-hybridi- 
zation revealed that all SEN-DNAs of density 1.694 gcm * so 
far obtained share a sequence of mitochondrial DNA of ~2.3 kb 
and thus belong to the same family. The second type of SEN- 
DNA has a hana of 1 ws gem. : a size Of 2 kb and | 































































a young culture: of he s mt” “strain: 1 digested by Hael 
Table 1 for a description of the strain) shows that both 
of SEN-DNAs result from the amplification of part 
regions of the mitochondrial chromosome” ®, However, wh 
the 1.694 gem" SEN-DNA hybridizes only with fragments 
the ‘young’ mitochondrial DNA ‘visible on the gel; 


at which no visible fragment is found (see Fig. 1a and its legend). à 
We have therefore assumed that the 2.6 kb sequence is present- 
in young smt™ cultures not only as an integral part of the 
mitochondrial chromosome but also as rare free molecule: 
Three properties of the 1.699 gem” SEN-DNA—its spe 
density, its peculiar pattern of hybridization with the ‘you 
smt mitochondrial DNA and its repeated appearance in. sene 
cent cultures of Soe cay _origin—disti guish At. fro 


Between sie two sees of sequences, it is clear that senesee 3 
is always correlated with the amplification of ne of these typ 
of sequence. This correlation. raises the question of the caus 
effect relationship between senescence and the presence of 
amplified sequences, and it is ‘tempting to assume t 
circular amplified molecules constituting the SEN-DNAs « 
respond to the infectious cytoplasmic factor responsible fo 
senescence and identified by Marcou”; - fe | 

Two sets of new data on the 26 kb sequence provide good j 
support for the idea that senescence. actually results, at lea: 
some cases, from the amplification of this sequence. (1) The. 
Haellt-digested mitochondrial DNAs extracted from young 
cultures of the two strains smr and s mt cap'l (whose life. 
spans are longer than that of strain smi, Table 1) were 
hybridized with the 1 699 g em? SEN “DNA. in Doth | cases, w 











Table 1 Life spans of the different strains used 
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ve notype Life span 
- Nuclear. Mitochondrial (em) 
emt | i eap? ee So 0 5 amen) © Sears 
smt” cpie es o A i apa i 
smt? o capl l : 2900 
smt ap oH eA 















* Strains mi* is isogeneic with strain. s mt” ” exert for the: i 
locus.and the two strains are cy oplasmically identical: 

+ Strain s mt” cap'l is strictly isogeneic with strain s ae a 

it derives, except for the mitochondrial mutation. tap’ de 




















































“mutant was aen asa a sector of | growing aon that 
‘developed beyond the arrested edge of a s mt senescent cul- 
«ture, Such revertants of the senescent state are uncommon. The 
= mutant mex] exhibits a slow growth rate but since its isolation 
it has been growing steadily and has shown no symptoms of 
senescence. Preliminary genetic analysis of mutant mex] indi- 
- cated that it segregates in a non-mendelian way, which sug- 
_ gested that the mutation might be located in the mitochondrial 

DNA. Restriction analysis of the mitochondrial DNA of this 
mutant confirmed this hypothesis. Figure 2 shows the restriction 
pattern (after digestion by BglII) of the mitochondrial DNA 
of mutant mex] compared with that of the wild-type strain 


Fig, 1 A, | Southern | 
‘hybridizations between 
“Haelli-digested ‘young’ 
mitochondrial DNAs of 
‘different strains and ap. 
labelled 1.699 g em”? nick- 
-i translated SEN-DNA. The 
O conditions for preparation 
and endonuclease digestion 
of ~DNA, gel elec 
o trophoresis and. transfer. of 
CDNA to nitrocellulose 
filters were as previously 
described’. The labelling of 
“DNA by nick-translation 
oo Was performed as. described 
= din ref 12. For each DNA 
studied, the electrophoretic. 
“pattern and the autoradio- 
.. graph of the filter after 
hybridization are shown in 
Janes 1. and 2 respectively. 
Sizes in kb. a, Strain sm: 
“bp strain smi”; o strain 
gmi cap']> d, strain smi” 
~mext. Note that the 
7, molecules which constitute 
the 2.6 kb SEN-DNA are. — "M 
ce Cireular and that. the 
monomer unitof this SEN- 1 ; 2 1 2 
CDNA has a single Haelll > 8 g b 
o site, Only one fragment of 
6kb is thus recovered after digestion of this SEN-DNA by Haelll. 
Southern a hybreieation between Haelll-digested- ‘young’ mitochondrial 
VAZ F | and me tih) and P labelled 1.694 £ om? 





B, 





“unit ie op A 3 - SEND 





NAD poisses iwo Halli si sites. 
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2, pea aE after transfer of helt ra mé ë 
filter and. rapan with a rele 


from which it derives. The mex! aisada DNA lacks two 
bands of respectively 4.5 and 1.9 kb and presents an additional 
band of 3.8 kb, thus mex! has a deletion of ~2.6 kb. Interest- 
ingly, the missing fragments are prey those previously 
shown to hybridize with the 1.699gcm™? SEN-DNA. The- 
number and the nature of the fragments. missing in mexl and 


the -estimated's size of ar deleted reed ko ob’ ously šuggeited 














after digestion by ‘Bell i ‘using a oy 699 5 gem | nick- tanila ed 
SEN-DNA as “P-labelled radioactive probe. The results of- 
this experiment (Fig. 2) show that the mitochondrial DNA of 
mutant mex! does not exhibit any homology with the 
1.699.g cm SEN-DNA. Similar hybridization experiments in- 
which the mitochondrial DNA mexi is digested by Hae III (Fig. 
1A, d) or BamHI yield the same result. It-can be concluded 
that in the mutant mexi, a sequence containing at least the 
monomer of the 1.699_¢cem°*> SEN-DNA has been deleted. 
The electrophoretic pattern of the Haelll- (or Bglll-) digested 
mitochondrial DNA of mutant mex indicated the absence of 
any modifications in the region capable of giving rise to the o 
1 694 gem” family of SEN-DNAs. This was confirmed by ae 
experiments. in which. Haelll-digésted mex! and smt™ 
mitochondrial DNAs were hybridized with 1:-694g cem © YP- 
labelled nick-translated SEN-DNA (monomer unit=6.3 kb); _ 
the same hybridization pattern was obtained in both cua 
(Fig. 1B). 
The data presented above show clearly hat the 2.6 kb 
sequence has a central, although perhaps not unique, role in 
the determination of senescence. The existence of a mutant 
missing this sequence, which after more than 1 m of growth 
(see mean life span of the sorei a es strain in 










and/c or amplification o ol 
senescence or at leas 
is supported by hyb 
the state in which: thi 
and integrated in strair 


ain. ‘The fact that the § strains ome aaa 

: isogeneic except for a nuclear {mt /mt ) or a 

al (cap’1/cap‘1) gene implies that these might act 
xample, the probability of excision or the efficiency of 

tion of the 2.6kb sequence. Nothing is yet known 

he mechanisms responsible for the appearance of the 

9 gcm? SEN-DNA. However, the presence of a popula- 
_ tion of molecules lacking the 2.6 kb sequence in the residual 
_ mitochondrial DNA of senescent cultures displaying this 
amplified sequence? (our results, in preparation) suggests that 
excision rather than replication is the primary event necessary 
~ for further amplication of this sequence. The existence of a 
: mutant lacking the 2.6 kb sequence indicates that the sequence 
> does not code for a product essential for cell survival. The 
reduced growth rate of mutant mex! suggests, however, that 
the sefiuence is physiologically important, perhaps, as already 
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of jos 


! omous, paske. units of transposition. 1S pence are not 
fully competent of. transposition: and able to cause several 
elated chromosomal aberrations such as deletion of 
nt DNA segments** and integration of circular plasmid 
f, but have also proved to be the active units of trans- 
yn in the larger composite transposon (Tn) elements >”, 
dition, IS and Tn elements interfere with focal transcription 
tterns i in the host genome by causing polarity '°"*. Structural 
nd functional analysis of the IS elements should therefore 
lucidate both the basis for autonomy of a genetic unit as smal! 
| 1,000 base pairs (bp), and the transposition mechanism, 
including its inherent step of DNA duplication™. We have now 
determined the 1,195 bp sequence of the transposable DNA 
‘element ISS in phage AKH100. Near-terminal signal structures 
` appear to protect the central region from outside-in trans- 
“criptions and translations, and render IS polarity as a direct 
“consequence of IS autonomy. The nucleotide structure shows 
-an unusual, highly compact organization of two completely 
z overlapping; antiparallel genes and correlated control 
; _veigences l 
TSS was. first identified among clear plaque mutants of bac- 
: 1100 ), and was accordingly localized to the 
pr e'** IS 5 was estimated to 
} microscopy revealed short 
nds. The ISS unit of 
ut identical with two 
bacterial argB gene of 
B2 and in phage 
own to be deletogenic’* 


within adjacent DNA 


2 chromosome. As more tl 
demonstrated in yeast 


| Shine-Dalgarno” 
= shown in Fig. 2f). A computer analysis also identifie 
_ promoter and terminator signals before, us 


pli n 
the: ‘thitochondriak chromos 
would still be able to replicate in t the absence of the 2. 6 


t0, n 


sequence but at a slower rate.. 


The phenomenon of amplification during senescence is ‘not 
exclusive to the 2.6 kb sequence. Another family of sequences 
sharing a common region can also be amplified and, depending 
on the senescent culture, this second type of sequence is 
amplified either alone®® or. in association with the 2.6 kb 
sequence (our unpublished results). In the latter case, itis not 
yet clear whether the amplification of the two types of sequence _ 
is related, although preliminary results of other senescénce- 
resistant mutants suggest that the absence or rearrangement of | 


the second family of sequences also prevents the appearance — 


of senescence, 

This work was supported in part by INSERM grants 794 
0062 and 0038279114. We thank Dr Janine Beisson for het 
careful and critical reading of the manuscript. . 
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segments“, ISS. also appears to exert polar effects in at Teast 
one orientation" . 

We have used AKH100 DNA as a primary source of ISS, | 
and have constructed a hybrid plasmid pHL118 by cloning. 
1,720 bp Hindli! fragment into a pBR313-derived vector plas- 
mid (see ref. 12). The AKH100 HindIII fragment contains all 
of the ISS DNA as well as 564 bp of ADNA (a: 37,727-38,291 
and it was used for DNA sequencing according to the Maxa 
and Gilbert method’? (see Fig. 1). Mapping of the re: 
restricuon Raa spor 5 provided phage proof of th 


DNA ¢ sequences adjacent to ISS have pie fee iain) a 
found to be consistent with published data™™ obtained from 
other A phage or plasmid. DNAs. ISS is only slightly smalle 
than was estimated by electron microscopy’, and the positic 
of ISS in the AKH100 sequence (codon 207 of the 232 codo 
cI gene, see Fig. | 2a) is only slightly to the left of two genet: 
determinations '*'° | 

When ISS is inserted into Ac] DNA, 4 bp of the wildetype 
sequence (target site TTAG; A:38,150-38,153) are directly 
duplicated to the left and right of both ISS ends, and are 
connected to the two ISS terminal inverted repeat sequences 
of 16 bp (with a single mismatch at position 13) (see Fig. 2a). 
No internal repetition of the inverted repeat sequence has been 
detected. It is now clear that.a partial sequence of phage 
Mu445-8 DNA” includes an identical 99 bp fragment from the 
right EcoRI end of ISS (with a single deviation at I84:1,171), 
followed by an identical target site sequence in opposite orienta- 
tion (CTAA). A 4 bp target site duplication has not previously 
been observed for the integration of prokaryotic transposable 
elements, but has been reported in the integration of Moloney 
strains of murine leukaemia and sarcoma viruses in. eukaryotic 
DN A? 4 

Most of the internal sequence of ISS is dominated by a very 
long open reading frame, which extends in right to left direction. 
from position I$5:1,127 to IS5:147 and codes for a 326 amin 


acid, predominantly basic protein of molecular wei 


37 831728. The ISS large gene coding region is preced 
initiation sequence (the most | 
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reading; 


eft direction is open for any considerable length, the ISS DNA 
€ quence appears to have the coding potential for a second 
otein in left to right direction, from position IS5:525 to 
SS: 851. The second open. reading frame, which is in register 





ode for a 108 amino acid, predominantly apolar protein of 
ular weight 11,0697{). Analogous to the ISS large gene, 





equence (see Fig. 2g; an alternative AUG start codon in the 
ame reading frame, at IS5:495, is not affiliated with a recogniz- 
able ‘Shine-Dalgarno sequence), and , according to computer 
search, has correlated promoter and terminator signals (at 
IS5:355-401 and 1,019-1,054) before and after the coding 
‘sequence. 





we and Rak ef al.” have individually subcloned into hybrid 
plasmids certain fragments containing ISS signal elements. Our 
analysis of the IS5 terminator fragments (Fig. 3) confirmed 
computer- predicted locations and orientations, within the pres- 
ent limits of minimization. In addition to the large gene and 
small gene terminators (ts, and ts), a termination signal has 


n (ts5;185:31-71) which is consistent with the observed 
olarity.of the element'*. No analogous terminator has been 


ar ts right end, however. The position of the ISS large 
as been normat Re: Rak et g while 
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peinetic map: Cy. ‘Restriction map of 185 DNA, indicating the festriction sites used in generating 5'-labelled fragments for DNA. sequencing: “Belll, ‘BSE 
coRI, Hinfl, Hpall, Sau3A, Sau96 and Taql. A key for restriction site symbols is given. at the bottom of the figure. d, Summary of DNA se 
for ISS DNA, Every stretch of independently determined DNA sequence is indicated by a single horizontal bar covering the: corresponding 
vor segments of /-strand DNA are given above, r-strand segments below the central. line. Note that almost the entire element has” 
equenced using both strands, and- large sections have been sequenced repeatedly, from different endonuclease. cuts, as indicated by piles: of horizontal — at 
“qt ng was. by the Maxam-Gilbert method, ‘using the A> C reaction to determine adenine positions’®, All isolated: fragments were purined by _ 
l butanol extraction®’ before both the kinase reaction and chemical degradation steps. 


i none of the other two reading frames in right to 


he sequence coding for the larger ISS protein, is predicted 


ISS small gene also is preceded by a ribosome recognition E 


“To measure ISS promoter and terminator activities in stv, 


: been detected near the left terminus of ISS in outside-in orienta- 
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ig. ra ‘Restriction map of the rex-cl region ‘of AKH100 DNA and sequencing chart for insertion element ISS. DNA.. a; Position of insertion issi in the cl. gene. = 
H100. Hatched regions represent IS3 -adjacent A DNA; sequence positions in A DNA refer to the EcoRI restriction site located at thé origin of replication 

position 40,000), The marked HindIII fragment was cloned into a pBR313-derived vector plasmid and propagated as described previously”. b, Genetic map- ` 

of insertion element ISS from the complete nucleotide sequence in Fig, 2 and from a functional analysis of its terminator and’ promoter signals of transcription 

(see Fig. 3 and text), The black bar indicates the coding region for the large ISS protein, the hatched bar corresponds to the ISS small protein: reading frame, 

Outside-in translation according to the diverted AcI reading: frame is indicated as a lightly hatched bar at the right ISS boundary,. and the near-terminal stop 

odons for the other five reading frames are indicated at the left and right termini respertively: Three transcriptional terminator signals (Cs. F sh te) and roa 










30) has, howaver, revealed quite similar feiiding frame organiz- = 
ations. In addition to a dominating large reading frame of more z 
than 300 codons, there is always a. seci ing fri C 
108-143 codons in the opposite orienta 
and small reading frames are consistent fi regis 
that the (presumptive) small gene is. always-c pletely co 
by the large gene. The sequence of IS2*)** shows a similar - 
pattern, although both the large and small reading frames are _ 
short: 167 and 89 codons. respectively. Similar to ISS (Fig. 2g), 
the small gene Shine-Dalgarno recognition sequences always 

“appear as part of mRNA hi irpin structure covering the smaller — 
reading frame initiation. region, and may be indicative of a 
generally reduced expression. There is no evidence, however, 
in any other element of promoter or terminator transcription 
signals or of dual protein expression. The role of such a compact 
antiparallel arrangement in genetic regulation or other func- 
tions is unknown. 

An IS element preserves its autonomy by a genetic organiz~ 
ation which avoids regularity dominance by adjacent genes or - 
transcription units on the host DNA. There are therefore near- 
terminal stop codons in all six reading frames (marked in Fig. 
26) to avoid formation of fusion proteins under foreign control. — 
In addition, near terminal.termination signals of transcription, i 
and therefore polarity, may be a direct consequence of IS — 
autonomy. Whereas the structure of IS4,which has two outside- 
in termination signals’’, fully agrees with this prediction, ISS 
does not carry a termination Signal at its functionally rather 

crowded right-hand end. IS autonomy may be protected in 
other ways, however (compare. Fig. 2 ne biological — 
Significance of the different organization of O nds of ISS ie 
is not known. o= > > 

We thank B. Rak for’ 
before publication, and 
technical assistance. A 

W. Szybaiski. ie 
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le SORTASE TA GAGGGTGACTOCATAGTAAACCAG GCTTTGICCAACOBGTCGCACTTATTGTASCOGTCAACCAATAGCAAAAAGTC 
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oe Figo 2 DNA sequence of insertion element 185 in AKH100 DNA. a, Identification of the ISS integration. site in the coding sequence of the.cl repressor. gene ne 
08 phage . AKH100. The 4 bp target site duplication is boxed, and the 16 bp terminal inverted repeat sequences (with a single mismatch) indicated by arrows. A. 
"> proportion of. the A wild-type and of AKH100 cl protein sequences are shown below the DNA sequences. According to the genetic map of phage A, the termini 
of ISS have been named left and right end respectively. b, Complete nucleotide sequence of ISS. Numbering starts from the left end. Amino acid sequences 
(right to > left; closed arrows) and smäll (left to right; open arrows) genes of ISS are given in separate lines: below Se 
rd small genes are indicated at positions 1,019 and 495. respectively. Cleavage sites 
B or DNA ee are marked at the respective nucleotide position. above 

for Avalll, Haell and Sphl are also indicated, ) \rrows 
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ji direction of RNA. synthials). “The 
starting material to construct pHL200, 
pEx(lac)UV5-150, was kindly provided . 
by H. Weiher, B. Zink and H. Schaller. pHK2 
Insertion of foreign DNA fragments: Í 
between the dac promoter and down- 
“Stream tetracycline-resistance genes 
made use of the Clal and HindIIl clon- 
Ing sites, The tetracycline promoter of 
 pBR322 extends across these restriction 
~ sites, but is destroyed by insertion. Care 
< had tobe taken, however, not to recon- 
“ostitute.. the tetracycline. promoter 
- Sequence through insertion of sequen- 
< ces similar tothe missing ~35 region. 
The levels: of tetracycline resistance 
have been measured on the same freshly 
prepared agar plates for the whole set 
f clones: together with. a pBR322- 
aining strain (>50 ug ml‘ tetracy- | Paar : nla aa kei 
nd an ‘empty’ ‘strain of | | mee : Fes oa 

i. coli. K-12-490A V Taql # EcoRI VClal a Hind ta BamHI © Sal i osag! w 
tetracycline) as controls. ae ae 
iting concentrations. of tetracycline are given on the right. DNA fragments incarporated, into: pHL200 a are shown in Benig tines The ETIN 
restriction enzymes.used for cloning or plasmid analysis are indicated by symbols defined at the bottom of the figure. The AKH100- DNA 1S5 Jeft terminal 
‘Taq fragment (4:38,000—-IS 5: 335) has been cloned into the Clal site of pHL200 in both orientations which correspond to the outside-in ( tea) and. large gene 
{ nator (ty) respectively. Two sets of clones with different tetracycline resistance levels have. -been. obtained: pHE1 and pHK2. A.A KH100 DNA. Iss. ae 
nus containing Tagl-Hindlil fragment (ISS :2,005~A :38,291) corresponding to the small: gene. terminator, t;,, has been cloned into the Cla dif 
L200. The resulting hybrid plasmid pHK3 showed a strong reduction of the tetracycline resistance level. The control clones have been: 
T way using two #80 DNA Tagl fragments. for insertion into the Clal site of pHL260:¢80:40,107-40,514 which contains no transcription : e 
ng 80- O, P reading. frames either in sense or in. antisense orientation (pHK4, pHKS), which extend into and probably interfere with the tetracycline -tesis 

jation region, and G80: 39 ,406-39,584 containing the ¢, signal in direct or. inverse orientation (pHK6, pH?) The position of the 155 ila ag! termi to 
gnals and the adjacent A sequences are indicated according to Fig. 1. 
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te added in. proof: Since: submission of this paper two 
de ndent sequence determinations of ISS DNA from 
ent isolates have been published. They gave an identical”® 


nearly identical” (two deviations) result. : new family of ribonucleases 
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- Heavy a atom ~. Teactio 
core "parameter agreement i “oit ino E ey. oe 
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o where FHLE i is the experimental value of the heavy atom contribution, FH,,)¢ is the calculated heavy atom: contribution’, LFP] is the observed. 
structure amptitude of the protein, |FPH] the observed structure amptitude of the derivative, and EPH earl the derivative structure amptitude 
structed by combining the: calculated heavy atom contribution and the protein structure factor. (FH, r. m.s. value of EHan in the appropriate 
ge 4sin? 6/A*; (EH), t.m.s. lack of closure. _ | 
y | was constructed using the symmetry-averaged phases. 
AS « onstructed using the a phases defined by the gold derivative.. 
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mare sia heas fond 
i ied ae “ 


tereo; pairs of icheitzatic | 
igs. OF a, barnase and b, - 
: pancri tic ribonuclease. A. 


ion of a. Ca atom; a-helices are a 
iown as cylinders and the strands 
he B-sheet as ribbons. The con- 
necting loops are represented by- 
-o lines: The active site of barnase 
includes Glu 73, Arg 87 and His 
102 and is shown in more detail in 
Fig. 3. The: active site of bovine 
| pancreatic ribonuclease A includes 
His 12 and His 119. This figure 
|> was drawn from the atomic coor- 
-dinates using the computer pro- 
<i pram of Lesk and Hardman”. 














calculations. | 

The electron: „density map produced with the symmetry- 
2 averaged phases”’° was readily interpreted. All but two residues 
~~ have sensible density, which in some cases is very well defined, 
and their coordinates are now being prepared for refinement 
calculations, 

The polypeptide chain of barnase is shown in Fig. 1a. The 
< secondary structure of the enzyme consists of a central, five- 
_. Stranded, twisted antiparallel} B-sheet (residues 50-55, 70-75, 
~ 85-91, 94-101 and 106-108). and two a-helices (residues 6-18 
and 26-34). The first helix packs against the face of the B-sheet 
in the normal manner'’ and the second helix packs against its 
edge. Bovine pancreatic ribonuclease also consists of a large 
„central B-sheet with adjacent a-helices’ 
-barnase i in that its 6-sheet is not only twisted but also bent in 





the structures that are not analogous (see below) and give 
flerent base specificities: barnase specific for purines’ * and 
pancreatic ribonuclease for pyrimidines”. 

3xtracellular ribonucleases from Bacillus intermedius, Strep- 
omyces erythraeus and from the fungi Aspergillus oryzae and 
lago sphaerogena, have amino acid sequences that are 
10logous to that of barnase**, Figure 2 shows that residues 


: four other: sequences. ‘There are five positions at which the 


by Leu 42, Glu 73, Ser 80, Arg 87 and His 102 (Fig. 2). The 





involved in the ribonuclease activity of the proteins: the His i in 
barnase. and ribonucleases St and T,, the Arg in ribonucleases 


Fig.2 An alignment of the amino acid sequences of the extracel- 
lular. ribonucleases from: B. jamyloliquefaciens” ao B. inter- 
si medius™ (B (Bi); S. erythraeus? (St); A. oryzae™ (Tı); and U. 
Eih Sphaerogena (U2). The numbering: used here is that of barnase 
so that the positions of mutations, insertions and deletions can be 
seen in Fig. 1a, 3. Residues that are identical in two or more 
2 pienes are boxed. and 2 homologous t residues that.: are par of 









aie n the B-sheet. ‘The Beien 
y from that even inref.4in -o 


l | que Ice! iow little Overall omolo and pan 
deletions. It has been shown that the alignment of such sequences 
derived by maximizing the match of the few similar or identical 
| residues can give results that are structurally incorrect”’. 


ing of the snavelope. This 1 was important to avoid. the 
need for. recalculating the envelope during the- refinement 


23 but it differs from 


{ e middle ‘ e giving i ita V shape (Fig. 1b). Inaddition, the residues. 
active site in the two molecules originate in parts 


_ the enzyme (R.W.H., unpublished results). 
110 of barnase are between 82 and 20% homologous with a. and come solely from the C-terminal half of the molecule 
- Their chemical and structural organization differs from that at. 
-the active site of bovine. pancreatic ribonuclease A, where the © 
oe ~ -principal catalytic residues are two- histidines, residues 12 and 
‘residues at three of these positions have been shown. to be — 119, which lie in a deep cleft (Fig. ta, b). 3 


; _. barnase and to provide a structural interpretation of previous 2 
St and T,, and the Glu inr Onna T, (refs 6, 1$; 16), - experiments on its folding’ : X-ray analyse: of the ‘ibonucleases - 
- Ty and St are in progress elsewhere’ . : 


“structures with that of barnase should allow an understa: 
o radiation facilities at LURE and the help given by Peter Mood 


vof the structure determination at 2.5 
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Fig. 3 A composite view of. the eléctron densities at the active 7 
site, with the protein atomic coordinates superimposed. Two water 
molecules are indicated by solid circles, 


iipasi of the barnase structure shows tha r besidhues. Glu 73, 
Arg 87 and His. 102 cluster in one region” of the. molecules, a 
therefore this region must form the active site (se Figs la, 3). 
The catalytic role of hisitidine 102 has been confirmed by: 
the finding that. gold cyai ide, which acts. with imidazole Ny : 
in the crystal, suppresses the enzyme’s activi moval of the 
gold cyanide by dialysis restores fully 












“In barnase, the active-site residues are in a shallow lepress 





Work is in progress to elucidate the catalytic methaniam of | 
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of how this family of ribonucleases evolved. - 
We acknowledge with gratitude the use of. the synch otron 


Federico Giordano and Christopher Hill during the analysis. - 
Note added in proof: Since sie this paper we have learnt 
resolution of ribonu- 
clease St ( Yamamoto, Y. etal. 9th Symposia on Nucleic Acid 
Chemistry, Tokyo, October 1981) and of ribonuclease T. 


- (Heinemann, U. and Saenger, W., personal communication). 
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IF you look up refusenik in a Russian 
dictionary, you will not find it there. After 
all, it is not an official Russian word, but 
has been improvised to describe someone 
who has applied to emigrate from the 
USSR to Israel, and whose application for 
a visa has been refused. What the word 
does not convey is the anguish and the 
courage of those who wait, often for years, 
trapped in a situation in which as in- 
dividuals they face the power of a state at 
best indifferent, frequently hostile. 

Mark Yakovlevitch Azbel is probably 
best known to many readers of this journal 
for his work on cyclotron resonance in 
metals. He learnt his physics at ‘‘the cradle 
of Soviet physics’’, Kharkov State 
University, where Lev Landau had estab- 
lished a world-famous research institute. 
From Kharkov he went to Chernogolovka, 
to the Landau Institute for Theoretical 
Physics, where he continued to rise to a 
position of prominence and international 
repute. Yet in December 1972 he took the 
fateful step of applying for a visa to 
emigrate to Israel, and became a refusenik. 
It was not until July 1977 that he was finally 
permitted to leave the USSR. 

This remarkable book tells how it was 
that, notwithstanding his success and pros- 
pects for continuing advancement as a 
Soviet physicist, he became convinced that 
he could not remain in the Soviet Union. 
And it tells of the hazards and torments 
which dogged his steps from Kharkov to 
Tel Aviv. Azbel has written a moving and 
sincere autobiography. Any such work 
from the Soviet Union must be of interest, 
because of the light it sheds, sometimes no 
less illuminating for being oblique, on life 
in that country. For readers of Nature it 
will be of particular interest because of the 
view it gives of Soviet science, and indeed 
of some individual Soviet scientists. But to 
my mind the real importance of this book 
lies in its exposition, from the stand-point 
of one who experienced and suffered from 
it, of the corrupting pervasion of anti- 
Semitism in the USSR. 

Azbel’s parents were both physicians, 
who graduated in Kharkov in the terrible 
days of 1931 when famine stalked the land, 
the man-made famine which followed 
forced collectivization, and Mark was born 
the following year. As a four-year-old, left 
unsupervised whilst his parents worked six 
days a week, Mark first found out that he 
was different, that he was a Jew. Lenin had 
tried to eliminate the anti-Semitism which 
was so deeply rooted in the USSR — 
nowhere more than in the Ukraine. Stalin, 
as first Commissar for Nationalities, had 
made it in a certain sense impossible to be a 
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Russian Jew, or a Ukrainian Jew. To bea 


Jew in the Soviet Union is not a matter of 
choice or conviction; it is rather a question 
of nationality, and if it says ‘‘Jew’’ on an 
internal passport, it cannot say ‘‘Russian”’ 
or ‘‘Ukrainian’’. From his first day at 
nursery school when his teacher greeted him 
with ‘‘Another zhid! Where do they all 
come from?” to his last few hours in 
Moscow when the cold insulting indiff- 
erence of the officials at the airport made 
his departure a nightmarish farce, Azbel 
was time and again reminded of his dif- 
ference, of his Jewishness. 

Of course there were times when this 
awareness could recede into the back- 
ground. But with dramatic force public 
affairs would make him, along with the 
whole of the Jewish community, aware of 
the precarious — even dangerous — status 
of the Jews. As a student he felt the tension 
which prevailed throughout the country 
during Stalin’s last years. 


The Lysenko catastrophe had repercussions all 
over the Soviet Union affecting biologists in 
even the smallest, most remote imstitutions, 
obscure little places of minor importance. Now 
the laws against Cosmopolitanism were 
threatening artists, composers, writers. 
Russians were not wholly exempt from these 
attacks; but nine out of ten of the criminals were 
Jews. 


Confronted by the menace and threat of 
disappearance, arrest by the KGB or 
worse, Azbel asked himself: how could one 
survive in this atmosphere? The question 
was not about physical survival, but moral 
survival. There were several possibilities: 
concentration on personal life; devotion to 
a struggle with the system; escape into pure 








science. But 

I could not make any of these choices. I felt that 
my own way of life was to bein science, but as to 
friends: it seemed to me that it would be 
crippling, demeaning, to choose my friends on 
the basis of which friendships would be safe and 
which would not. To confine my loyalties to 
science, and to my fellow-scientists, for reasons 
of security; to cultivate indifference to every- 
thing and everyone else — I knew I couldn't do 
that. In a word, I simply made up my mind at 
that time that I would try to be a decent human 
being. 

Stalin died, and the terrible threat 
implicit in the ‘‘Doctors’ plot” receded. 
Azbel graduated, brilliantly, but not 
without politically motivated 
machinations against him which it required 
the intervention of Ilya Lifschitz to deflect 
— and not without his first encounter with 
the KGB, perhaps an attempt to obtain a 
hold on him for future exploitation. The 
heavy atmosphere lightened with 
Khruschev’s short-lived thaw. Azbel 
married and moved to Moscow. 

Also now in Moscow was Alexander 
Voronel, a close friend from student days 
in Kharkov and now a director of a labor- 
atory in Dubna: they had much in 
common, and their mutual friendship and 
support for Andrei Sinyavsky, and 
especially Yuli Daniel, brought them both 
into the hands of the KGB when these two 
authors were put on trial in 1965. This 
brush with the authorities was more sig- 
nificant than the earlier one, and Azbel was 
lucky to avoid losing his post at the 
university. 

The shifting attitudes within the Soviet 
Union during the late 1960s, responsive to 
events such as the Six-Day War and the 
Czech uprising, meant that when in 1970 
news first began to filter through that some 
Soviet Jews had publicly expressed a wish 
to emigrate to Israel, Azbel was amongst 
those who began to recognize that to leave 
the Soviet Union was a real possibility. His 


The start of active protest: four of the seven scientists who took part in the 15-day hunger 
strike, June 1973, in réaction to the refusal of the Soviet authorities to allow them exit visas. 
From left to right: Dan Roginsky, Alexander Voronel, Mark Azbel and Victor Brailovysky. 
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a And so it was thati in December 1972 he 
went to the Visa Department. He was not 
~ the first distinguished scientist to do so: 
that was probably Alexander Lerner who 
had applied a year earlier. Lerner is still a 
refusenik more than ten years later. Nor 
was he the last. Recent information 
suggests there are about 100 refuseniks 
with a scientific doctorate (roughly equiva- 
lent to DSc) in Moscow alone, another 200 
with the degree of Candidate (roughly 
PhD). Voronel applied shortly before 
Azbel, and was allowed to leave at the end 
-of 1974, 
It must be understood that to apply to 
emigrate from the USSR is an act of the 
highest significance. It leads almost in- 
evitably to social. ostracism. And in most 
cases, certainly for scientists, it leads to 
dismissal from one’s job. For a scientist 
“this in turn means more than loss of live- 
~lihood (which can in turn lead to pro- 
‘secution for ‘‘parasitism’’); it means 
_ deprivation from contact with colleagues, 
‘rom access to libraries and laboratories. it 
means “exclusion from science’. To 
punter that exclusion, to provide mutual 
upport and scientific sustenance, Voronel 
organized a seminar every Sunday noon at 
‘his apartment. These Sunday seminars 
continue to this day, despite a succession of 
attempts to disrupt or prevent them. They 
have multiplied: similar meetings are held 
in other Soviet cities, and in disciplines 
other than physics. The participants have 
__ received Western visitors in this way (a 
recent session learnt about Feigenbaum’s 
`- -work on frequency doubling and the trans- 
ition to. chaos): indeed they. have held 
impressive international meetings. All of 
this has been under the watchful eyes of the 
_KGB, and has been scrupulously within the 
Taw, | | 
~The legality (and to Western readers per- 
haps the normality) of private gatherings of 
scientists to discuss science has not pre- 
vented harrassment, and official attempts 
todisrupt their proceedings. These reached 
: a climax when Voronel, Azbel and Victor 
Brailovsky decided in 1974 to hold an inter- 
national scientific symposium, and again 
three years later when another inter- 
national meeting, on collective phenomena 
in physics, was held to celebrate the fifth 
anniversary of the seminars. Both meetings 
= were attended by numerous distinguished 
< Misitors from abroad. Both were heralded 
<> by oppressive KGB surveillance, question- 
ings and indeed arrests — Azbel was him- 
: self imprisoned in 1974, After Azbel’s 
- emigration, Victor Brailovsky took over as 
3 chairman of the Sunday seminars from 
Azbel, who. had succeeded- Voronel. 
} ow living i in exile i in Beineu, 





- Azbeľ’s Book speaks. scana of the 


the q questions which must be raised about 
the reasons behind the Soviet. policies 


courage and resourcefulness of those — 
siap who persist in- ‘their legitimate 





towards them. It underlines their vital need 
for support from the international scient- 
ific community, which I believe to be an 
obligation upon us as scientists. The pur- 
suit of science gives privileges and brings 
responsibilities: and it is not possible to 
separate those responsibilities from the 
wider relations between the pursuit of 


profess an 


-interest in international scientific activities, 
and I would hope that would mean all. 
«scientists, 00 > 





John Charap is Head of the Physics Department 
at Queen Mary College, University.of London. 
He attended the Moscow Sunday seminar in 
1978, and is Chairman of the European Physical 
Society Advisory Committee on Scientific 
Freedom. 


The quantum theory of space and time 


C.J. Isham 


Quantum Fields in Curved Space, By N.D. 
Birrell and P.C.W. Davies. Pp.340. ISBN 
0-521-23385-2. (Cambridge University 
Press: 1982.) £27.50, $49.50. 





-Tue problem of quantizing the 


gravitational field commands the attention 


of an increasing number of theoretical | 


physicists who are attracted by the 
importance of the subject to studies of the 
early Universe, gravitational collapse, 
grand unification of all fundamental 
forces, and the Planck length structure of 
space and time. In spite of much effort a 
successful resolution remains elusive, and 
it seems natural to tackle first the simpler 
problem of the quantization of a field 
propagating in a curved, but fixed, 

background spacetime. It had been known 


for many years that a time dependent. 


metric would transmute part of its energy 
through the medium of quantum particle 
production, but the subject became of 
widespread interest only after Hawking’s 
announcement in 1974 of the productionof 
particle pairs by the event horizon of a 
black hole. | 

The subsequent effort devoted to 
quantum field theory in a curved space has 
spawned a considerable literature of 
research papers, conference proceedings 
and review articles, but the text of Birrell 
and Davies is the first attempt to present 
the subject in a more permanent form. I 
can think of at least three quite different 
types of book that might be published 
under this title with the contents reflecting 
the individual approaches that have been 
developed by different researchers. The 
present authors have made a determined 
and commendable effort to cite most of the 
important papers that have appeared, but 
the final treatment sharply reflects their 
own personal contributions and method- 
ology. Quantum field theory is introduced 
with heuristic methods involving mode 
function expansions; there is no discussion 


-of the mathematical problems associated 
- with such sums or of their resolution via the 
operator algebra techniques that form the 
backbone of most rigorous investigations 


into. quantum. fields with external sources. 


This simpler approach does however have 


the asset of rendering the book accessible | 
toa postgraduate student who has attended 1 
any standard first course on quantum field 
theory, and the assumed knowledge of 
general relativity is no more demanding. 
A significant application of the subjectis: 
to the physics of the early Universe; for 
example it has been suggested fi frequently 
that an initial anisotropy could be removed 
by the quantum production. of partic cle. 
pairs. Birrell and Davies are espe 
interested in. this problem and prov 
comprehensive discussion of quant 
field theory in various cosmological 
backgrounds. Of particular value here is the © 
careful account of the resolution, using 
model particle detectors, of the conceptual | 
problems that arise concerning the. 
operational status of a quantum particle. _ 
Almost all work in quantum field theory 
is plagued by the infamous ultraviolet . 
divergences and the addition of a curved > 
background tends, if anything, to make 
matters worse. A particularly. disturbing _ 
feature is the appearance of infinities in the- 
matrix elements of the energy momentum 
tensor which, in a semiclassical limit, forms 
the source of the gravitational field. The. 
regularization and renormalization of 
these divergences is a subtle problem and is — 
discussed at length with most of the 
established techniques being given a 
respectable hearing; applications include 
an authoritative account of the Hawking 
effect and of the ensuing use of the stress 
tensor to isolate the origin of the particle ; 
pairs. z 
Professor Davies has rightfully earned a 
high reputation as an authorofinformative 
and well written semi-popular science 
books and this research monograph is. 
presented in a similarly clear and attractive 
style. Quantum gravity is an active subject 
and it would be difficult to predict that all 
sections of the text will seem equally 












| 4 
relevant in ten years time; nevertheless, the 


authors are to be congratulated on 
producing a timely work that should help ` 


to stimulate interest in this fascinating — 


branch of theoretical physics. | a 





C.J. Isham is Read iT Theoretical Physics at 
Imperial Coleg? a iy or: London. 














Physiology. By David H. Griffin. 
3. ISBN. 0-471-05748-7. (Wiley: 
: 25.45, $43.25. 











NG the past few years several 
cellent, advanced-level monographs 
have appeared on aspects of the 
biochemistry and physiology of fungi, 
‘reflecting some 20 years of continual 
advance in our understanding of these 
subjects, Yet there has been no successor to 
Cochrane’s. general introductory text, 
Physiology of Fungi, published by John 
Wiley in 1958, and long out of date. 
Professor Griffin has now provided such a 
“text with Fungal Physiology. His coverage 
emphasizes those physiological processes 
typically associated with fungi, and stresses 
the experimental rather than historical 
aspects of the subject. 
1¢ opening three chapters, reviewing 
igal thallus, and the chemical 
sition and structural organization of 
cells, are followed by an outline of 
he major processes occurring within 
f ngal cells. On balance I believe more 
emphasis could have been given in this 
I; ter chapter to metabolism and the 
ment strengthened by greater coverage 
relationships between metabolic 
growth and reproduction. The 
then turns to various aspects of 


































nsiders the uptake of nutrients, 
ical requirements for growth and 


1. Chapters 9 to 12 deal with 
ogenesis (environmental factors, 





nation, and the role of hormones in sexual 


chosen Dictyostelium discoideum rather 


than a yeast or filamentous fungus to 


illustrate the biochemistry of spore 
formation. He provides ample evidence 
indicating that fungi of different classes 
seem to have developed different hormonal 
systems for regulating sexual 
reproduction. The chapter on syngamy 
(Chapter 12) is organized on the basis of 
fungal groups and the specific hormones 
associated with each group are discussed. 
Understanding. specific biochemical 
processes. can: be aided by the use of 
inhibitors; in this context, inclusion of a 
chapter devoted to fungicides is note- 
worthy because of the significance of many 
of these compounds in the agrochemical 
and biomedical fields as chemical agents 
ntrolling pathogenic fungi. The final 
r. “Fungal Attack Mechanisms”’, is 
ned with fungal toxins, exoenzymes, 
ponses to environmental stimuli 
actions (non-pathogenic) 
systems. Fungal genetics 
ed, but genetic studies are 
here they are relevant to other 
c ay fungal symbiotic 




















ve growth, and in the next three 
ion of the physical environment to - 


biochemistry), dormancy and germi- 


reproduction. Here, Professor Griffin has 





relationships. The importance of using 
mutants in mycological research is implied 
by the citation of examples throughout the 
book. 

The book is well organized; each chapter 
begins with an introductory statement 
which puts the subject under consideration 
into perspective, ends with a brief 
summary, and is appropriately referenced. 
Topic discussions are well illustrated with 
light and electron micrographs, tables and, 
where pertinent, graphs and chemical 
structures. Fungal Physiology is suitable as 
atext for a general course serving advanced 
undergraduate and graduate students, and 
also provides a handy reference work for 
researchers seeking general background 
information. The appearance of this book 
is both significant and timely; I highly 
recommend it. E 





John Weete is a Professor in the Department of 
Botany, Plant Pathology and Microbiology at 
Auburn University, Alabama. 


View of laser fusion 
David W. Forslund i 
Physics of Laser Driven Plasmas. By 
Heinrich Hora. Pp.317. ISBN 0-471- 
078880-8. (Wiley: 1981.) £28.95, $49.15. 


THE field of lass fusion ane the physics of | 
laser driven plasmas has developed rapidly 


in the past decade and it has proven | 
difficult for research workers to keep up — 


with progress. Particularly lacking have 
been good reviews and good textbooks 
which would help introduce new people to 
this extremely complex subject. In. this 
recent attempt to meet such a need, 
Professor Hora has sought to derive the 
basic physics of the interaction of intense 
laser light with matter from first principles. 
He attempts to lead the reader through the 
derivation of the fundamental plasma 
physics, kinetic theory, hydrodynamics 
and an expression for the nonlinear force 
arising from intense laser light, and follows 
this with discussion of the numerous 
applications of the nonlinear force from its 
role in parametric instabilities to its use in 
the implosion of pellets. 

The book suffers from a number of 
flaws, however, which prevent it from 
being useful either to the student or as a 
handbook for the research worker. First, 
the discussions of most of the phenomena 


are unduly complex, confused and full of 


errors, making the text extremely difficult 
to read. As a typical example, the 
derivation of the plasma frequency and 
DEBTS it on pages 22-25 introduces 
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Prepared by a team of the world’s:most ape 
eminent- environmental. scientists, this.) 
study reviews the changes in the world | 
environment since 1972, evaluates the i 
significance of these developments: and) 
provides the foundation fordnternational:| 
and national action in the years to come, | 
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Development without 
Destruction: Evolving 
Environmental Perceptions 
By Mostafa Kamal Tolba. 

A selection of Dr. Tolba‘s writings that 
provides an invaluable insight into the 
evolving international perceptions of © 
major environmental issues: and the 
important policy factors involved in 
planning for future action. Dr Tolba is 
Executive Director of- the UN 
Environment Programme. 
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a n stò be Forcing his own conceptions on 

the reader rather than trying to properly 
survey the field. As a consequence the book 
gives a very unbalanced view. For example, 
only one paragraph is devoted to. the 
production of high energy electrons, which 
continues to be such a major difficulty in 
«laser fusion. Consistent with this neglect, 
¿c the major problem of electron transport is 
<x totally ignored. 

More than one-third of the book is spent 
-on calculating the ponderomotive force 
and its effects on hydrodynamics, which 
_ leads, in the conclusion of Chapter 13, to 
the claim that all the problems of hot 
electrons in experiments can be removed by 
utilizing “the nonlinear force”. As an 
alternative to the usual ablative 





) fication a Seismic Sources — 
hquake or Underground Explosion. 
ited by Eystein S. Husebye and Svein 
Mykkeltveit. Pp.876. ISBN 90-277-1320-0. 
(Reidel: 1981.) Dfl. 195, $98. | 





IN 1958 a Committee of Experts met in 
Geneva to study the possibility of verifying 
a treaty to ban the testing of nuclear 
devices. Under the treaty, eventually 
signed in 1963, the USA, USSR and UK 
stopped all but underground ‘testing — 
although underground explosions could be 
detected by their seismic effects, uncer- 
tainty in discriminating between explosions 
and the many earthquakes of equivalent 
< Magnitude meant that a treaty to ban them 
was politically unacceptable. This uncer- 
_ tainty in discrimination has occupied 
forensic seismologists for over 20 years. 
Their latest views are aired in these pro- 
ceedings of a NATO-sponsored Study 
Institute, convened to assess progress since 
systematic research began with the Vela 
Uniform programme in the USA and 
Tabor Pluto in the UK. 






4@ A revised, paperback edition of The 
Question of Animal Awareness by Donald 
Griffin has been published by William 
‘| Kaufmann Inc., price £6.20, and is avail- 
| able through W.H; Freeman. The original 
| edition was reviewed i in Nature 266, 792; 
E COS i AA PORRE 
- A. i ‘Sabra’ s Theories of Light, from 
< Des scartes to Newton, first published by the 
e Book Co. in 1967, has been re- 
ersity Press in 
Thebookis | 
riginal edition, 
ions and a new 





























en included, Price is | 






e very fast nonlinear ioie pusher’ will 
accelerate the plasma before the hot electrons 


can be generated. This has been confirmed by 


extensive numerical studies and can be the way 
out of the present difficulties of laser fusion. 

Apparently, Professor Hora genuinely 
believes that a short pulse intense laser at 
the upper limit of already achieved 
intensities will not produce energetic 
electrons. It is remarkable that, although 
this simple target approach is at least five 
years old, no major experimental pro- 
gramme has sought to make use of it. 
Evidently, of the many proposals to reduce 
the preheat problem, Professor Hora’s has 
been judged to be the least likely to 
succeed, a 


David W. Forslund is a Fellow of the Los 
Alamos National Laboratory, New Mexico. 


sists look at arms control 


These programmes led to instrumental 
improvements and to the use of digital 
computers to increase the accuracy cf 
detection and hypocentre location. Many 
more earthquakes could then be distin- 
guished from explosions because of their 
greater depth; in addition, the spectral 
differences between earthquake and 
explosion signals led to identification by 
their body to surface-wave ratios. These 
improvements opened up the possibility of 
teleseismic rather than the short-range 
monitoring available in 1958, thereby 
allowing a potential reduction in the 
number of stations required to verify a 
treaty. However problems continued to 
arise: the increasing number of explosions 
in both seismic and aseismic regions 
brought differences in transmission paths 
to the attention of seismologists and pro- 
vided much of the impetus for modelling 
seismograms. This in turn highlighted the 
loss of information suffered by the narrow 
recording bands in common use, and 
thought and effort was successfully 
brought to bear on digital recording and 
processing in much wider bands. 

By 1976 many countries had initiated 
seismological discrimination studies and 
the UN Committee for Disarmament took 
advantage of this wider interest to set up a 
multinational Ad Hoc Group of Scientific 
Experts to make recommendations on how 
a Comprehensive Test Ban Treaty (CTBT) 


might be monitored. Soon afterwards, 


CTBT negotiations were re-opened 


between the USA, USSR and UK; these 
demonstrated a need to supplement tele-. 
seismic stations with regionally sited 


stations in order to achieve the verification 
levels required. 
At this. point, groups in | the U 


‘under NATO ‘sponsorship. The resulting 


USA and | 





iscrimination studies 


proceedings of the Study Institute provide 


seismologists with a reference book of 45 


papers, 20 by invited key lecturers. 

The scene is set by Douglas’ s objective * 
review which includes a comprehensive — 
account. of diagnostic criteria. Effective 
and stable diagnostic criteria depend on a 
knowledge of earthquake and. explosive 
sources. Not surprisingly little is known 
about the earthquake source but strangely, 
as Rodean shows, much the same applies to. 
nuclear explosions even after 20 years of ©. 
underground testing. Any technique which 
defines their parameters thus becomes a 
significant diagnostic aid. One in which the 
seismic moment tensor is used to represent 
the source is discussed, among others, by 
Doornbos, clarifying what was becoming a 
rather confused topic and one turning out 
to be well worth further exploitation even 
though the method is bedevilled by trans- 
mission path effects. Waveform synthesis, 
discussed by both Harkrider and Kennett, 
may however one day lead to a solution of 
the problem of path effects. Of the seven 
papers on the influences of attenuation and - 
scattering (both path effects) on the wave- 
forms; that by Aki demonstrates the- 
dramatic effects of even small velocity 
fluctuations within the lithosphere beneath — 
a recording station. 

In spite of the uncertainties, a- 
seismologist must ultimately make a 
decision: earthquake or explosion? Much 
may depend on his decision, so the more 
independent observations available to him 
the better and Tjostheim reports on how 
multidimensional discrimination. tech- 
niques may be applied to teleseismic data. 
The technique can also be applied to” 
regional diagnostic data of the type des- 
cribed by Blandford. Finally, an indication — | 
is given of the kind of network which would © 
need to be established with the appropriate 
instrumentation, automatic. processing, 
data transmission facilities and data 
centres capable of promptly handling 
enormous quantities of data: 

In 1958 Sir William (later Lord) Penney 
described seismology as a- ‘‘stone-age 
science”, The contents of- this. book 
demonstrate that this is no longer true, and i 
the organizers of the meeting areto becon- | 
gratulated on their initiative. Nonetheless 
problems remain. Seismic decoupling: of 
explosions, explosion-like’. earthquakes, 
the detection of small explosions among- 
earthquake signals and, above all, 
inadequate knowledge of the structure’ of. 
the Earth all contribute to the difficulties of 
concluding a CTBT. Seismologists and 4 
physicists anxious not to rediscover the © 
wheel will find in this volume the sources _ 








on which to build- their new research 


programmes. uk ae g 
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Good start on strategic arms 


President Ronald Reagan’s proposals for a new bilateral negotiation on strategic arms control 


are welcome. Will the Soviet Union listen? And will the Administration follow through? 


President Reagan appeared to take a stride towards serious 
strategic arms control on 9 May when he made his first strategic 
arms control proposal to the Soviet Union and called for deep cuts 
in each side’s arsenals. While the proposal deserves applause as a 
first step, it is like the proverbial horse that has been led to water 
but has not yet drunk. The Soviet Union has yet to respond. And 
unless it is followed by clear, realistic and consistent effort by the 
Administration in the coming months, even years, the progress 
Reagan has made will be undone. 

-The proposal, transmitted to the Soviet Union in detailed form 

at the same time as the President outlined it in a speech at his alma 
mater, Eureka College in Illinois, focuses on reducing the Soviet 
advantage in long-range intercontinental ballistic missiles 
(ICBMs) by. asking that each side should reduce to 5,000 the 
number of its ballistic missile warheads, no more than half of 
which could be on land-based ICBMs. At the latest count, the 
Soviet Union may have 6,300 ballistic missile warheads, of which 
5,100 are on land-based ICBMs. The United States has 7,500 
ballistic missile warheads, of which only 2,154 are on land-based 
ICBMs. ‘One effect of the proposal is that the Soviet Union would 
have to reduce its land-based ICBM warheads from 5,100 to 
00 nd so forgo all or most of its force of SS-18 giant ‘heavy’ 
s, which could have up to 3,000 high-precision warheads 
‘ich could now, in theory, knock out most of the US force 
-based ICBMs in a single blow. The United States, which 
isa smaller fraction of its strategic forces in land-based 
ICBMs, is at present below the 2,500 warhead ceiling in the 
President’s proposal and could comply merely by retiring some of 
its older ICBM-carrying submarines without sacrificing much in 
force capability. So much for phase one. 
The President also proposed a second phase of negotiations in 
which both sides would strive for equality by another measure, 
ballistic missile throw-weight, ‘‘at less than current American 
levels”. Throw-weight is the weight of a missile’s payload 
including warhead. This notion has grown out of an argument 
(backed by Eugene V. Rostow, director of the Arms Control and 
Disarmament Agency, and by Defense Secretary Caspar 
Weinberger) that an aggregate index of throw-weight would bea 
better basis for measuring current and future force levels than 
merely counting holes in the ground or launch tubes on 
submarines, as in Salt Il. The President apparently resisted using 
this formula for the first phase of negotiations because the joint 
chiefs of staff felt that weight-counts are less verifiable than 
actual warheads. Rostow now says that the connection between 
phase one and phase two will depend on the Soviet Union’s 
reaction and counter-suggestions, but that phase one alone would 
achieve substantial reductions in throw-weight on the Soviet side, 
the area where its forces have an advantage. 

So far, the plan has only been sketched in public, and the Soviet 
side has just received it. More details may not be f orthcoming for 
some time, but the plan has some obvious weaknesses and some 
curious strengths. One weakness is that the proposal does not 
include nuclear warheads carried by aircraft in its warhead ceiling 
2 00. Instead, the proposal is said to put a separate ceiling on 
iting each side to between 350 and 400. On the US 
Tent include the Fenti older B-52 bombers and 




















targets in the Soviet Union. The Soviet Union has long insisted 
that the FB-111s should be counted as strategic weapons, a view 
which the United States has rejected in the past. In return for 
including the FB-111s under the bomber ceiling, the United States 
would now insist that the Soviet Union includes the ‘‘Backfire”’ 
bomber under its bomber ceiling. The range and deployment of 
the Backfire bomber was a contentious issue in Salt H — and its 
exclusion from the Salt Il ceilings was one reason why that 
agreement was never ratified. In this connection, domestically, 
the Reagan plan could give the Administration a respectable way 
to back out of building large numbers of MX missiles, which have 
been touted as — but not proved to be — a way to reduce the 
vulnerability of land-based ICBMs, although the obvious way 
for the United States to reduce its total number of ballistic missile 
warheads from 7,200 to 5,000 would be to scrap some older 
submarines, another could be to cancel part of the MX 
programme. The Administration is already embarrassed that its 
promise a year and a half ago to set the MX issue straight 
forthwith has not yet borne fruit. 

The Reagan plan therefore deserves a fair wind. It is to be 
hoped that the Soviet Union will not reject it outright, as it 
rejected President Carter’s proposal! for deep cuts in missile forces 
in 1977, But advocates of a nuclear freeze in the United States (see 
Nature 29 April, p.790) and Europe should not delude themselves 
that the President has taken a step towards their version of arms 
control. A curious fact about the politics of arms control in the 
United States is that both the left and the right favour deep cuts in 
nuclear forces, but for different reasons. The left favours cuts. 
(and the extreme left favours unilateral cuts) as part of the 
continuing process of negotiation. The right, in the United States, 
favours proposals for deep cuts on the grounds that they area way — 
of limiting Soviet striking power substantially — and that they 
also challenge Soviet protestations of good intentions on arms 
control. At the worst, it is always possible to say ‘‘See, we told you 
so. They don’t mean what they say’’. 

As it happens, it is not yet clear how sincere even the Reagan 
Administration is about arms control, no matter what the 
President said in Eureka. In their 18-month partnership, 
Secretary of State Alexander Haig and Secretary of Defense 
Caspar Weinberger have shown that they have radically different 
views of the US-Soviet military balance. As a result of these and 
other differences, often aired publicly, the Administration has yet 
to convince countries abroad (and even itself) where it stands on 
some key issues. Yet what is critical to the success of the strategic 
arms negotiations is not this opening flourish but whether, in 
following up, the Administration can speak with one voice and 
settle down to serious talks, taking Soviet rhetoric in its stride and 
keeping policy on a single course, rather than zigzagging and 
confusing the Soviet leadership. In short, it remains to be seen 
whether the horse will take a drink. 

Unfortunately it will be several months before these issues can 
be clarified. Mr Brezhnev, having had the Soviet Union complain 
that President Reagan was ‘‘warmongering’’ by choosing to 
attend the NATO meeting planned for June and not the opening 


Nations Assembly, has now ducked the United States offer (or 
challenge) of a meeting on that occasion. Instead, the two men 
may now meet on neutral ground sometime in October. The dela 


© 1982 Macmillan d ourtial 














session of the Special Session on disarmament of the United . 








to decide how the negotiations now proposed should be linked 
with those formally under way, but almost stalled, on the 
limitation of nuclear weapons in Europe. The United States has 
always intended that the two processes should be merged, as it is 
sensible that they should be. For only then will President Reagan’s 
“zero option’’ seem secure. By October, the Soviet Union should 
be ready to soften the negotiating position it has repeated since 
last November -— that it will withdraw some of its mobile missiles 
if the United States will agree not to introduce the Pershing Il and 
cruise missiles. 


French new world? 


France wants next month’s economic summit to 
talk technology. It should not expect too much. 


The summer now begun in the Northern Hemisphere will be 
metaphorically long and hot. Several important issues fall to be 
decided, or at least to be given an airing. Strategic arms control 
(see above) is one. The South Atlantic (where it will be winter) is 
another. Next month, there will also be the Special Session of the 
United Nations on Disarmament in New York. Before then, 
‘President Reagan will have made the rounds of several West 
European capitals and will have sat in on two crucial if lesser 
summit-meetings — one (in Bonn) of the North Atlantic Treaty 
- Organization (NATO) and another (at Versailles). of the members 
of the sub-set of the Organization for Economic Cooperation and 
Development (OECD) considered to deserve a seat at gatherings 
where senior politicians contemplate the future of the world. 


President Francois Mitterrand of France, who will not be at Bonn 


because France does not belong to NATO, has characteristically 
done his best to ensure that the Versailles summit, under the wing 
of OECD, will be enlivening. He has hatched a plan that the 
economic summit should begin with a discussion of governments’ 
responsibilities for the development of technology. If he were not 
the host, the rentier in the public cause of the splendid palace at 
which the meeting will take place, it is improbable that his subject 
would have reached the head of the agenda. But the subject 
_ cannot be the emollient of fellow feeling that he calculated it to be. 
President Mitterrand may in retrospect be thought to have 
captured the allegiance of those who voted for him a year ago by 
his simplicity; he seems to believe in what he says. This 
phenomenal habit appears also to be the reason why he has also 
won the affection, even respect, of European politicians 
ideologically at odds with him. But President Mitterrand also 
believes in the future — a future fashioned by technology. Why 
else would he have given such encouragement to his buoyant 
colleague, M. Jean-Pierre Chevénement, minister for research 
and technology? Together, they appear to be convinced that the 
future of France can be assured by the intelligent direction and the 
generous support of research and development. They may well be 
right. But President Mitterrand is also now bent on propagating 
this hopeful message in a wider circle, among France’s industrial 
partners and competitors. The objectives may again be 
admirable, but it is important that President Mitterrand should 
understand why his advocacy next month at Versailles of the case 
that science and technology are a means of making up for 
economic recession will cause many of those present to shuffle 
uneasily in their seats. For the French argument, while half right, 

is three-quarters wrong. 
3 The case that science and technology are too much neglected by 
`- those who look for a way out of present economic troubles is, of 


Z course, beyond dispute. If the present recession is caused by the 


fivefold increase of the world price of petroleum in the past 
decade, then something like a ten per cent increase of productivity 
in the oil-consuming states would suffice to ensure that nobody 


? ‘resolve the ‘delicate ‘problem: of. ‘continuity in ‘strategic: arms 
= : negotiations during the period when Mr Brezhnev will be 
succeeded by somebody else. And the delay will also be a chance 





f people in research and if nt. And a fivefold increase of 
Bod acuviiy. a no means oul of court, would ensure that the cost 
of buying oil would at some point in the future seem as 
unimportant as in the early 1960s, but with the difference that 
average prosperity would be five times greater. So, by putting 
money into research and development, the governments of 
industrialized states can realistically hope to work their waye 
towards a more stable world, one in which not merely their 
electors but the people who live elsewhere will have a sense of 
being better off. Would that President Mitterrand’s colleagues at 
next month’s meeting at Versailles more openly shared his view. 

The weakness of the French case is that it is almost certain to be 
an exaggeration. For at least the past two decades, successive 
French governments have worked deliberately at the 
improvement of science and technology. And not before time. 
The old republic was uncongenial for research. President de 
Gaulle, concerned though he may have been with the 
paramountcy of the identity of France, and of its place in the 
world, nevertheless provided an opportunity for those who 
sought to remedy the earlier neglect of the universities and of 
research. It tends, however, to be forgotten that even the young* 
turks who took up that challenge made several disastrous 
mistakes. While the development of the petrochemicals industry 
in the early 1960s was an immense success, a proof that 
technology can spell prosperity, the nuclear power industry of 
that time was swiftly overtaken by events (and by the superior 
designs put on offer by United States manufacturers) while the 
efforts of those early governments to build a domestic computer 
industry were no more successful than later attempts have been. 
The still new government of France has inherited a much stronger — 
base for the conduct of research and development than any of its 
predecessors; the universities are mostly in good shape, as are the 
grant-making agencies. But the government seems not to have 
learned from the hard experience of earlier decades. Its political | 
persuasions, indeed, tell it that it need not learn. Yet mistakes will 
happen, and governments are especially prone to them. 

This is why the unexpected French agenda item for the 
Versailles summit meeting will not be the uncontentious matter 
that President Mitterrand seems to hope. While some among the 
governments of the United Kingdom, the United States and West 
Germany may have ideological reasons for believing that too 
much government intervention in the shaping of the pattern of 
technology is mistaken, each of them also has vivid illustrations of | 
how such efforts can go wrong. Sir Harold Wilson’s technological 
revolution (1974) is only the most memorable error. Even the 
Japanese experience is not the proof that sufficiently clever 
governments can act wisely that the French will be hoping to claim 
at Versailles. For while the Tokyo government’s support of 
successful manufacturers is the envy of manufacturers elsewhere © 
(and properly a cause for complaint by luckless importers in other 
countries), nobody suggests that the government of Japan plans 
in advance whether next year’s wonder product will be a new hi-fi 
set Or a new space invaders game. The principle seems to be that 
the market will define what technology should do — if the market 
is given half a chance. 

The French, in their present mood, are unconvinced. And it is 
certainly the case that if President Mitterrand could win the 
agreement of other industrialized nations to some coordinated 
plan for the development of technology, it would be possible to 
create both rising prosperity and a proof that the technological 
prophecy had come true. The agreement will not be forthcoming, 
but the proof would in any case be false. For to ordinary people, 
governments’ electors, what matters about technology is not that 
it should be successful but that it should be wanted. Even the 
belief (to which the French government holds) that science and” 
technology should be harnessed to the needs of development 
overseas is likely to run foul of the now well-established truth that . 
developing countries do not like being told what is good for them. 
Sooner or later, Frenchmen will come to hold the same opinion if 
President Mitterrand pushes his view of the management of 
technology down their throats. 
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1 migration bill 


Washington 

US high. technology industries. and 
scientific organizations are just waking: up 
to a little-noted, devastating change in US 
immigration laws which, if enacted, could 
change the face of Silicon Valley and 
university engineering faculties. The pro- 
Posed change would. prohibit foreign 
: s from taking jobs in the United 
raduation. Instead, they would 



















third. ‘of all PhD ri | {3 
citizens. Engineering is the. most popular 
field. for the 311;000° foreign ‘students, 
graduate and undergraduate, estimated to 
bei in the United States (see Table). 

` Civilian high technology companies 
have come to rely increasingly on newly 
qualified engineers and scientists who are 
not US citizens, says Pat Hubbard of the 
American Electronics Association, 
because the US defence build-up has 
caused defence industries to hive off many 
of: the American graduates. William 
Cagney of the National Foreign Trade 
Council which.represents 650 major com- 
panies adds: ‘“‘When DuPont goes looking 
for a PhD in chemical engineering, it more 
often than not hires a foreigner; there 
simply aren’t that many Americans to go 
around. These people are vital to US 
industry.” Both trade groups are opposing 
posed. change in the law, as is the 
onductor Industry Association, 
y Silicon Valley firms. 
in question is Section 212 
the Immigration and 
t, the umbrella law that 












een a public issue in the 


0 home tor two year before oter 


f palay a ham, it process in ON clauses 
re deleted by Senate are reintroduced as 
t amendments, adding to an already packed 


ration policies. Reform | 


United States, where many thousands of 
Mexicans cross the southern border to 
work on ranches, illegally, and where the 
plight of the Cuban and Haitian refugees 
drew world ‘attention to the problems of 
assimilating still more people from abroad. 
A blue-ribbon study was made by the Select 
Commission on Immigration, headed by 
Father Theodore Hesbergh of Notre 
Dame. The Reagan Administration 
proposed its own views of how to tighten 
US immigration laws, but the bill that has 
received the most support is that proposed 
by Romano L. Mazzoli (Democrat, Ken- 
tucky) in the House and Alan K. Simpson 
(Republican, Wyoming) in Senate. 
That part of the bill involving. foreign 


Students did not appear in Father 


Hest s recommendations nor in the 


Administration bill, and so went unnoticed — 
until a few weeks ago. 

At present, most foreign students in the 
United States have visas allowing them to 
stay as long as they are studying, but they — 
are not allowed to work. On graduation, 
they may apply for permanent resident 
status —— a step towards citizenship — if 
they have a job offer. They usually remain 
in the United States (working) until this 
change occurs. A minority of foreign 
students are in the United States on so- 
called J visas, having been sent by their — 
government or on exchange programmes, 
and they must return home on completion 
of their studies. Under Section 212, all 
students would have the equivalent of J 
status. 

_A House staff member explained that far 


etback for Chevènement 


‘second | constitutional airing of the 
hich the French science boom 
iS ded t toa i bloodbath. For the 


st ofi its eleve joe 
n the tattered form approved 










parliamentary session. 
The Senate is an indirectly elected body, 


3 a third of its members being appointed each 
_ year on the basis of regional (departmental) 
elections. Electors consist of mayors and- 


other such dignitaries, and amount to some 
500 from each department. The Senate 
remains. firmly conservative despite last 
year’s election of the socialist Mitterrand 
government, and so is a source of constant 
irritation. But this is the first time it has 
behaved quite as badly towards 
government legislation. 

The government explanation is that the 
science and technology bill gave the 


opposition an excellent opportunity to put - 


a major dent in the plans of a senior 
minister, Jean-Pierre Chevènement, whois 


also the leader of the most left-wing 


element of the socialist party, the Ceres 
group. Ceres is of an intellectual and 
loosely Marxist tendency, and a favourite 
target of the conservatives. The fact that 
science and technology were involved in the 
Senate debacle is incidental. 
Chevéenement wished to devolve power 
to the regions, setting up regional councils 
for science and technology with their own 
budgets. The senators wished to ‘‘put off” 


that reform. 


Chevénement wanted to open up 


ech Rte te re HARA SATA SA ALIA RARER STEN ARTA NAIR 


research institutions such as the Centre a 
National. de la Recherche Scientifique z 
(CNRS) to industry, by creating a new type 
of legal entity through which for example, 
CNRS could make profits in joint ventures. 


The senators would have none of it. 


And, most of all, Chevènement wanted a 
law that would define future budgets: 17.8 
per cent extra each year in real terms over 


_ the next three years. ‘‘Too imprecise” said 


the senators, who feel that such a broad 
commitment would give Chevènement too 
much power. In fact, the minister is now 
discovering that a commitment to a figure 
on pene meim even ina parliamentary bill —. 


"O ÉTAT, C'EST MA LOI" 





18 not a firm promise. Discussions are now 
going on at cabinet level for the 1983 
budget, and Chevénement is having to 
fight as hard this year as he did last. 
Chevénement was impatient with the 
Senate’s reaction to his well-laid plans. He 
described the Senate majority as 
Retest and on oe rom the 
sui ale. 





















policy he said, which must be reformed 
as part of a general tightening of US 


Se immigration. 


The provision may have originated with 
an engineering activist, Irwin Feerst. Feerst 
says there was no consideration of a change 
in the old law regarding students, until he 
sent out a special issue of an independent 
newsletter he publishes to engineers around 
the country. Three hundred responses he 
received, he says, indicated that 
professional US engineers want to “‘throw 
the foreign students out’’. Feerst spoke to 
Senator Simpson and testified to this effect 
in December. According to Feerst, there is 





Nationality of foreign students in the 


United States 1980-81 
Regions Selected Totals 
Aie sub-totais 38,180 
Nigeria 17,350 
~~ Europe 25,330 
UK 4,440. 
Greece 3,750 
FRG 3,310 
France 2,570 
_ Eastern Europe + USSR 1,670 
-Latin America 49,810 
7 Middle East 84,710 
tran 47,550 
Saudi Arabia 10,440 
. North America 14,790 
“Oceania 4,180 
“South and East Asia 94,640 
~ Tajwan 19, 460 
Japan | 13,500 
India 9,250 
311 311,640 


Source: a of international Education 


no shortage of engineers. in the United 
States, only a ‘‘cabal’’ of academic 
engineers and corporate executives who are 
| publicizing the alleged shortage so they can 
hire foreign graduates at lower pay. 
 _However, the Institute of Electrical and 
Electronic Engineers. (IEEE), the 
engineers’ umbrella society in the United 
_ States (where Feerst has often run as an 
< “alternative” candidate for president) 
does not favour the change in Section 212 
as it is now written. Richard J. Gowen, 
chairman of IEEE’s manpower task force 
and a candidate for president of IEEE, says 
that foreign engineers are being offered 
jobs at salaries that may be as little as 25 per 
cent of the salaries paid to US-born 
engineers. Gowen wants the proposed 
Section 212 to be changed to allow only 
‘‘professional’’ hiring of foreign 
graduates. That is, a foreign graduate 
would have to go home unless. his 
prospective employer certifies that he will 
be paid at least 75 per cent of what a US 
citizen would be paid in the job. 
So. far, “Congress has been mainly 
concerned: with getting the immigration 
- reform bill through, and seems little 


provisions. cOn the. other hand, 

organizations. like IEEE are becoming very 
active on the issue, as they begin to realize 
its implications. Deborah Shapley 


work. Chis: isa “syackdéor immigration o 


fe disposed to tinker with. the minor be reflected 


Biest 


An ene shortfall of £280 eG 


(500 million European Currency Units) in 
the European Economic. Community’s 
agricultural expenditure has resulted in an 
extra £19.6 million (35 million ECUs) 


becoming available for the European 
Community’s research programmes. in. 
1982. The strength of the dollar, favour- 


able prices on the world market for agricul- 


tural goods and good weather have all. 


helped to reduce the EEC’s agricultural 
subsidies. Most of the extra money will be 
allocated to the joint research centres and 
in particular to nuclear safety research, but 
around £3.7 million will go to the indirect 
action programmes. | 

The budgetary revision highlights the 
degree to which the European 
Commission’s ability to meet its goal of 


revitalizing scientific research and develop- | 
ment in Europe, and thus create new jobs. 


for scientists, is linked with the long- 
standing quarrel over agricultural prices, 


the British budgetary contribution, the ` 


reform of the Community’s budget and the 


Common Agricultural Policy and even the 

Falklands crisis. If an agreement could be 
reached on lower agricultural prices for this — 
year, as the British are demanding, an even - 


greater sum could be set free for other areas 
of expenditure. The cooperation shown by 


the other member states over the Falklands 


crisis has now made it more difficult for 
Britain to push for budgetary reform. But 


if Britain achieves its objectives in the 


Council meetings this week, not only will 
its contributions be reduced, but it should 
lead to greater Community outlays in other 
areas including research. 


The Commission’s preliminary draft 


budget for 1983 reflects the hope that the 
other nine member states will agree to shift 
the emphasis of Community spending. 
Thus, the text emphasizes a ‘‘significant 
reinforcement of financial resources for 
energy policy, innovation and research and 
development’’. This includes. increasing 
expenditure on energy research by 120 per 
cent although the total sum for payment 
appropriations will still be small, at £58.4 
million. 

Most of the extra money for this year will 
go towards the Supersara project on 
reactor safety at the joint research centre 
at Ispra in Italy. An extra £4.2 million will 
be needed this year as the project is 
overshooting its budget and will probably 
continue doing so until 1990 to the tune of 
£168 million. 

The entire programme for the joint 
research centres is, in fact, now being 
reviewed and some changes are certain to 


pes to retire in the next few: year. 


planned. at Ispr: 
“planning, new- 


William Zerolis and First Secre 
_ Cultural Affairs, James Danie 
found in Dr Herczynsl 


ng activ 

with. their diplomatic - ‘status’. . 
` presence in the flat appears, however, to 
- have been entirely in the line of duty; they 


Polish symposium on fluid mec 


in the 1984-87 research. 
programme. Under consideration is a 
temporary increase in staff by 161, to | 
provide replacements for. scientists 


ioo: countries | is 
or training in energy 
ies, remote sensing 
techniques and — the inventoring of, 
resources. The Commission is also hoping 
to increase staff for. research into. solar 
energy, fusion, the rational use of energy 
and the. study of high temperature 
materials: = e 

Again, the success of these proposals will 
depend on the attitude of the member 
states, who. will be influenced by the 
amount of money in. the budget left over 
after provisions have been made for 
agricultural subsidies. Jasper Becker 














Polish arrest 


Expel and detain’ 


- The expulsion from Poland, last week, 
of two US diplomats and the arrest of Dr 
Ryszard Herczynski bodes ill for the 


‘resumption of normal academic exchanges 
between: Poland and the West. The two 





diplomats,- Scientific. Attaché Jobn 















accused by the Polish is 
g activity conflicting ; 
Their 








had gone there. to. confer with Dro 
Herczynski and. with | Professor Wladyslaw 
Fiszdon, a former pro-rector of Warsaw 
University, on the. forthcoming. joint US- i 











Dr Herczynski, a mathematician i 
specializing i in fluid dynamics, is employed 


at the Polish Academy of Sciences?” 
Institute for Fundamental Problems of 


Technology. Although now accused of 
having been ‘‘one of the inspirers of 
activity contrary to our raison d’étre in the 
scientific milieu”, he has never been 
associated with the dissident movement. In 
autumn 1980, however, he founded. the 
“Society of the friends. of science” -—— a 
semi-popular organization based on the 
then current principles of the liberalization 
of learning. 

It was presumably for this reason that, 
during the night of 12-13 December 1981, 
he was taken into custody and interned for 
some two weeks. Although the authorities 
now claim that before being released, he 


signed an undertaking to cease such 


activities, Dr Hercezynski’s friends insist 


that not only did he never sign such an 
undertaking, but that at the time of his 


release there had been no mention of any 


such document. 


The arrest of: Dr. ‘-Herezynski was, 
according toof ficial sources, effected as he 
handed Mr. Zerolis a. packet of material 


o “damaging to the interests of the Polish 
da s Repyplie”, 


J ` apparently com- 
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Applicat for NATO (North Atlantic 
Treaty Organization) fellowships will have 
less chance of success this year than ever 
before. ‘Applications have risen by 30 per 
cent, while the number of fellowships 
{about 800) remains constant. The NATO 
science committee will have to apply ‘‘new 
criteria’ to make selections, a spokesman 
said last week. One possibility is that group 
applicants will be favoured over 
individuals. . 
NAT ) staff pinpoint four reasons for 
ase in applications — financial 
oS": among the 15 member 
an increase in the number of 








part of erm to a the programme 
and a policy of greater visibility, including 
advertising i in n Natures 













sae wo ihe. NATO Bcicace 
tee, headed. by Frenchman 
‘Robert Chabbal (at present 
\ssistant Secretary-General for 
nd Environmental Affairs). The 
get Committee, from -which 
iraws his funds, is not so willing. 
) cope with the increase in applications 
for fellowships. and for summer-school 
sponsorship, and for increased travel costs, 
he committee would have to increase its 
judget next year by 25-30 per cent in real 
erms, to $23-24 million. In fact, it may be 
ucky to get 15 per cent extra, just enough to 
cover the depreciation of the Belgian franc. 

_ Pressing his case, Chabbal claimed last 
week that the NATO civil science 
programme (which completely avoids 
military research) is substantial and 
important. It accounts for half of all 
summer-school and training fellowships. 
Schools such as the Ettore Majorana at 
Zrice, Sicily, and Les Houches in the Alps, 
zet 60 per cent of their money from NATO, 
aid Chabbal. 

Meanwhile the eoimmittee will press 
thead with new plans. It runs. advisory 
janels which help to provide seed money 
‘or communications in new fields, largely 
oy establishing ‘advanced workshops’’, 
is year it will create two new panels: 
on global ania mechanisms (in the 














ttee is also experimenting | 
ween an industry in one 







programme 
Finance will: “be aia car : 

interested countries need support it, So far 
only two such fellowships have been 
organized, but many more are planned — 


Dr Mario di Lullo, organizer of the 


“double jump” programme, believes that 
it will not run into the protectionist 
difficulties. that sometimes face the 
European Commission — that one 
nation’s industry does not reveal its secrets 
tonationalsofanother. Robert Walgate 


British biotechnology 


Out of the blue 


In an unusual move, the British 
University Grants Committee is 
earmarking part of its annual budget to 
develop a specific topic — biotechnology. 
The committee plans that £800,000 will be 
spent in each of the next three academic 
years on fostering biotechnology in a 
handful of universities. The committee had 





previously been reluctant to earmark. 


grants, preferring that universities should 
spend their income as they wished, relying 
on the research councils to encourage 
centres in particular topics by means of 
research grants. 

The scale of the recent budget cuts seems 
to have prompted a change of heart. The 
committee, worried that universities may 


pare all their activities rather than cut them 


selectively, clearly hopes that earmarked 
grants will make the future pattern of 
university research more pointed. The 
£800,000 set aside for biotechnology will be 
taken from the money reserved for 
restructuring the reduced university system 
which in the next academic year (1982-83) 
will be £50 million. Most of that sum is 
expected to be spent on payments to 
redundant academics, leaving uncertain 
the amount available for fostering 
priorities. 

So far, three centres — at University 
College London, the University of 
Birmingham and the University of 
Manchester Institute of Science and 
Technology — have been awarded annual! 
grants of £100,000 each to develop 
biotechnology. Five other centres are 
expected to receive similar grants soon. 
The money will be paid as a separate item in 
each of the next three years, after which it 
will be incorporated in the recipients’ 
recurrent grants. 

The grants committee says that the 
recipients must decide for themselves how 
to spend their extra money. Nevertheless, it 
expects them to forge closer links with 
industry, chiefly by encouraging the 
process engineering side of biotechnology, 
to develop postgraduate rather than 
undergraduate courses and to appoint 
some permanent staff, thus fulfilling the 
recommendation of a Royal Society report 


which nearly two years ago called for 


twenty more university posts in 








governmental sounding title and Whitehall 


improvement in the health of the 


the past but claims that the industry itself is — 







The research couneis welcome the new 
grants, seeing no conflict between the 
grants committee’s assessment of priority 
and their own. The Science and Engi — 
neering Research Council, in particular, .. 
welcomes the grants as a way of supporting ~ 
staff and equipment which could not be | 
paid for out of its research awards. 

Judy Redfearn 












Development and drugs 


More not less 

The latest shot in the long-running battle 
between the pharmaceuticals industry and 
its detractors, in which the health problems 
of developing countries provide the battle- 
ground, has been fired by the Office of 
Health Economics (OHE). Despite its 

































address, the office is sponsored by the UK -= 
pharmaceuticals industry and its main task 
is to carry out research on the economic 
aspects of medical care. Its latest. 
contribution, Medicines, Health and. the 
Poor World by David Taylor, isa response — 
to recent criticisms of the industry's — 
marketing practices. 

The large multinational companies have | 
been accused of over-aggressively selling | 
unsuitable drugs in the developing 
countries, leading to only a minimal. 


population and sometimes proving | 
positively harmful. Chief among the 
industry’ s critics have been aid: 
organizations such as Oxfam and W 
Want and the pressure groups pcia 

The. report acknowledges th 
drugs have been ‘‘inappropriately” 


























soldian ' 


now more capable of policing its methods _ 
of promotion and that the important. role 
of drugs in improving health care in 
developing nations may be obscured by 
concentration on abuse in some areas. | 
Although a typical poor nation may — 
spend around a quarter of its central 
government health budget on pharma- 
ceuticals, the report says, 60-70 per cent of 
the people do not have regular access even 
to the most basic drugs. So while it is 
important that those drugs now being sold 
to the ‘‘wealthier’’ members of developing 
societies. are properly advertised -and 
correctly used, it is even more important to 
find ways of getting the basic drugs to the 
mass of the population deprived of them. 
Whether the past performance of the 
multinational companies has contributed 
to the weaknesses of governmental! health 
services in the developing countries, or 
whether the unavoidable difficulties have 
limited the ability of the drug companies to 
act effectively, remains a point of conflict. 
Better distribution of a limited range of 
medicines and vaccines, together. with 
research aimed specifically at new 
pharmaceuticals for the developing eC 
are the urgent needs, says OHE. The 
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“World pharmaceutical consumption for 1980 (total 
$76,000 million, manufacturer's prices. 


Health Organization (WHO) has put 
< considerable effort into work on new 
< medicines and vaccines for diseases such as 
malaria, onchocerciasis, leprosy and 
leishmaniasis, but the report argues that 





work on new drugs for these diseases 
because of the harsh economic realities of 
_ the marketplace — the return from sales of 
: “Third World-oriented” drugs would not 
< cover the cost of their development. 

~ Thus OHE argues that the major drug 
companies should be used as contractors 
“by WHO and governments to carry out the 
. expensive first stages of developing drugs 





„argued that this approach would be the 


. nations to help the poorer nations achieve 
: better health standards. 
< To put the expenditure involved in 


esearch and development spending by the 
L -pharmaceuticals industry is around 





SET, 000:-million spent annually by the UK 
-government on overseas aid. Soan increase 
of just 5 per cent in this aid budget would 
-. provide £50 million, which if spent on 
=c contracted research could support a 
o Significant effort to find drugs important 
< to developing countries. 
On the supply of existing medicines to 
z: the developing countries, the OHE report 
< is critical of the WHO programme on 
essential’? drugs... As for policing the 
. marketing and advertising methods used to 
promote drugs in the Third World, OHE 
< sees the international code of marketing 
practice drawn up recently by the Inter- 
-national Federation of Pharmaceutical 
. Manufacturing Associations as the best 
hope for the future. The federation, it is 
Ae argued, would be well able to regulate the 
activities. of the: major international 
companies because it is in the companies’ 


industry as being open to political pressures 
-and therefore ineffectual as a controlling 
i Charles Wenz 


0028-08367 82/200174-02301,00 


the commercial companies cannot take on 


. for diseases in developing countries. It is 


most cost-effective way for the developed 


finding new drugs into context, the total 


£300 million per year, compared with the 


interest to be seen to be acting responsibly, ; 
throughout the world. WHO is seen by the | 


` Washington | | Ve 
The major controversy in Washington 
this week has been the fate of the federal 


budget, as congressional leaders and the 


President joust with each other, leaving the 
outcome in doubt. No less concerned.are 
the atmospheric scientists and 
oceanographers, especially those involved 
in international programmes, many of 
which have been cut back in the President’s 
proposed budget. Ocean and atmospheric 
research has always had friends in 
Congress, and they are trying to have the 
funds restored. But whether the money can 
be put back, and then retained in a final 
budget package, is in doubt. 

Marked for the axe are funds for joint 
US—Canadian efforts to clean up the Great 
Lakes, half of the satellite capability that 
provides weather data to nations in Asia, 
Africa and South America, funds to study 


and prevent ocean dumping (including — 
radioactive waste), and the World Climate 


Program, the successor to the Global 
Atmospheric Research Program, whichis a 
major international effort run from 
Geneva. 

The Canadian government | has been very 
upset about the proposed cut-back in US 
efforts to help study, monitor and clean up 
the Great Lakes, to which the US 
government is committed ` under several 
agreements with Canada. Under the 
proposed Reagan budget, two laboratories 
would be closed down and one programme 
office severely curtailed. 

One laboratory is run by the 
Environmental Protection Agency (EPA) 
at Grosse lle, Michigan, near Detroit. The 
other is run by the National Oceanic and 
Atmospheric Administration (NOAA) at 
Ann Arbor, Michigan. i 

The Administration justifies the cuts by 
claiming that most of the research needed 
to identify Great Lakes pollution has been 
done, and that cleaning up is a 
responsibility of the states that border 
them. 

But the Canadian government’s view is 
that still more pollution problems are being 
unearthed, such as the identification and 
reduction of such toxic substances as mirex 
and dioxin which have recently been found 
in “hot spots’’ in all the lakes except Lake 
Superior, and that the international 
commitments are federal, not state, issues. 
According to. one Canadian official the 
cuts amount to “‘an attempt by the United 
States to renege on its water quality 
agreement of 1978” with Canada. This is 
strong language, given the historical close 
cooperation between the two countries — 


at least until the advent of the acid rain 
dispute and the Great Lakes budget cuts: 


‘The Administration also wants to. cut 
NOAA funds for ocean dumping research 






- satellites do not. 
North Americ aan 
„and marine pollution generally. NOAA ~ T 


| ‘tuns most of the government's research i in“ passes over: a regi 






the cut is thar: ona ea states ‘should l 


individually bear these costs. Congressmen t 


seeking. to restore the funds argue that 
these are national problems, especially in 
the light of renewed talk of disposing of 
radioactive and other forms of waste in the 
oceans. 

For the second year: in a row, the 
Administration has tried virtually: to: 
eliminate one of the ocean research 
programmes most popular on university” 
campuses. in the United States, the $35 
million per year Sea Grant programme, For 
1983, the Administration proposes only 
$1.7. million. However, as in 1982, 
representatives and senators are expected * 
to get the funds restored. About half of the - 
Sea Grant funds go for research, and the 
other half for community services related 


to the oceans issue. 


The proposed Administration budget 
would also cut $6 million of the $7 million’ 


- going to weather modification research, as 


par of a 40 pera cent cut | in PE 7 








continental US weather: forecas -F 
heavily is being slowed. drastically. Ie. 
Administration contends that weather isa : 
local issue. Friends of NOAA counter, — 


however, that weather modification and 
atmospheric research are important basic 


research programmes., ; 
Of worldwide interest is a cut of $24 | 
million that would decrease the launch rate ~ 
of the NOAA series of polar-orbiting 
weather satellites, so that there would be- 
one instead of two in orbit at- any given 
time. These satellites complement . 
existing two GEOS: geosynchronous 
satellites that. provide. “side views” of the 
Earth’s weather, including the familiar 
television-screen images, to many 
countries that have receivers. 
Representative James H Scheuer, 
chairman of the House Science and 
Technology Committee’s subcommittee 
on natural resources, agriculture research 
and environment, is trying. to get the 
second NOAA satellite restored. 2 
Scheuer argues that while the- 
geosynchronous satellites indicate current: 
weather, mostly in the middle and lower | 
latitudes, the polar-orbiting satellites are 
essential to forecasting worldwide. Only 
they can. acquire the quantitative data 
needed for modelling the Earth’s weather, 
and only they can track the Arctic: and 
Antarctic air masses moving towards the 
inhabited regions.’ The “NOAA series * 
satellites are thus crucial to weather — 
prediction in parts of the world, such as ~ 
Asia, Africa and Australia, that other | 
“oo. au as. often as. are 
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t will reduce | ‘the 









th systemi Ee any weather 
i at all when the remaining 









a neni fora broken satellite in 
orbit. 

Finally, funds for the US contribution to 
the ‘World Climate Program, a. major 
international climatological effort run in 
cooperation with the © World 
Meteorological. Organization, have been 
cut from $1 .8 million to $0.5 million. 
Deborah Shapley 









S adiad lobbyi is flying high. 
w emerging from recent studies 
o. be persuading scientific and 
nion that the government 
ake further action on the lead 
yf petrol. Total elimination was 
‘ated by many of the participants at 
an international conference organized last 
week by the Campaign for Lead Free Air 
LEAR). 










councillors, civil. ‘servants and 
rom several con i tries“ heard 
at children’, Ss 1Q i is impaired by 






sive evidence that the position oft the 
g ernment is becoming increasingly 
isolated and untenable. The Lawther 
report, he said, had been completely 
discredited. 

oin 1980; a working party under the chair- 
manship. of Professor P.J. Lawther 
advised that the evidence on danger from 
low blood lead levels was inconclusive, The 
Lawther working party also recommended 
that most effort be directed to reducing the 
lead in food and water, on the grounds that 
lead in petrol ‘did-not make the most 
significant contribution to the body lead 
burden. 

The fear that blood lead concentrations 
of 300 pe F? and below may have neurolo- 
gical effects represents a gradual shift of 
opinion over the past two years. The 
official government ‘position is that 
harmful effects do not occur below 350 ug 
[}.-The change of heart by the government 
which resulted in the decision last year to 
cut the legal amount of lead in petrol from 
mg per litre to 0.15 mg per litre was in 
gë with the Lawther case for a pro- 

action. Professor Lawther now 

ir ination of lead in petrol did 

il idings of his working 

there were damn all, 
ppier than: me”, 

















effects: pies After the Lawwther working 


i pute about t the e toxic : 





party reported, two members, Dr Richard 
Lansdown and Dr William Yule of the 
Institute of Psychiatry and Great Ormond 
Street. Hospital for Sick Children, 
produced results suggesting a link between 
blood lead levels and IQ performance in 
children of the London suburb of 
Greenwich and claimed a significant differ- 
ence of IQ performance with blood lead 
above and below 120 ug |! (Devi Med. 
Chiid Neurol. 23, 567-576; 1981). 

At last week’s symposium, Yule and 


‘Lansdown gave new evidence (as yet 


unpublished) that children’s behaviour is 
related to blood lead levels — 19 per cent of 
those with blood lead levels above the 
average (120 ug L!) were overactive 
compared with only 4.9 per cent of those 
with blood lead levels below the average. 
Bad conduct, nervous tension and lack of 
concentration increased with higher blood 
lead levels. Professor Herbert Needleman 


(Children’s Hospital, Pittsburgh) also a 
reported an association between classroom 


behaviour, IQ performance and lead 
burden. | 
Others say, however, that there should 
be extreme caution in moving from an 
observation of correlation between 
childhood lead exposure and impairment 


of intellectual development to postulating 


lead as the cause of extreme behavioural 
and psychological damage. The social 


environment is. an extremely important 


factor i inIQ performance. 
The conference was also told of the 


significant contribution of lead in petrol to - 
lead burden, making the Lawther estimate 
of 10 per cent seem too low. One recently 


completed | study by the EEC Joint 


Research Centre at Ispra, Italy, suggests 
that as much as 30 per cent of the lead in 
‘blood is derived from petrol. The study — 


determined the contribution of lead from 
petrol by relying on the known abnormal 
isotopic composition of lead in the petrol in 
one region of Italy. The conference also 
heard that in the United States in the four 
years since the phasing out of lead in petrol 
(1976-80), blood lead levels had fallen 
by 36.7. per cent. Dr Clair Patterson 
(California Institute of Technology) said 
that “‘exhausts from leaded gasolines are 
the most serious sources of lead in people’. 

While opinion is still divided and the 
need for further research acknowledged, 
Professor Michael Rutter (Institute of 
Psychiatry, London), a member of the 
Lawther committee, came down firmly in 
favour of the elimination of lead from 
petrol: “the level of probability is such that 
I think it is worth acting on” 

CLEAR moves confidently into battle 
having already captured the support of the 
Labour party. The National Executive 
Committee pledged last month that a 
future Labour government would 


eliminate lead in petrol, CLEAR’s sights 
are now set on the party conferences where | 









While much of the new evidence i is s not : 
yet published, the Royal Commission on 
Environmental Pollution has now also. 
launched an investigation into lead. It has” 
heard evidence from the British Medical 
Association (BMA) supporting the link 
between low blood lead levels and impaired 
mental function. The BMA also appears to 

be convinced by the Ispra study. 

The Royal Commission plans to investi- 
gate the sources of lead in the environment 
and its pathways to man. The commission 
also plans to “‘get to the bottom” of argu- 
ments about the technical and economic 
implications of reducing lead in petrol . 
below that promised by the government . 
last year. The commission may be 
confronted with strongly held opinions —. 
Des Wilson described Associated Octel, the 
British company owned by Shell, BP, - 
Chevron, Mobil and Texaco, which = 
ape the lead for Lovie as “the e biggest E 



































New York s 

Cold Spring Harbor Laboratory. on = 
Long Island, New York, has agre € 
to a ute seat oe researc! 












financial terms of the -deal areno i hein 
disclosed by Exxon, which is makir 
debut into the overcrowded world o | 
biotechnology. T 

Under the terms of the agreement, up A 
to six Exxon scientists will be as- | 
similated into the Cold Spring Harbor | 
staff to work full time on mutually | 
agreed projects. In return, Cold Spring 
Harbor will select six postdoctoral 
fellows to participate in Exxon-funded 
research. In addition, Exxon’s bio- 
sciences. laboratory in New Jersey- 
(which has never worked on molecular 
biology) may consult Cold Spring 
Harbor on various matters. 

Exxon plans that its lawyers will visit 
the Cold Spring Harbor Laboratory 
regularly to keep abreast of. latest 
developments. It will have exclusive 
rights to all patents derived from the 
research it funds, while Cold: Spring 
Harbor Laboratory will retain rights to 
patents derived from work done by staff 
members not associated with Exxon : 
projects. 

Exxon will not ask those working on 

its Cold Spring Harbor Laboratory | 
projects to defer publication of | 
patentable inventions, as some in- 
dustrial opens have _fequested í 























































































































Scientists who act 
Sir — Sir Peter Medawar’s review of Martin 
-Gardner's book “‘Science: Good, Bad and 















| Bogus” (Nature.28. January»p 3519, criticizes 

: 7 « people w gkiae bjos" nge science, s ntists 

oo WHO ain aside f pspecialisnis to apply 

„their experience nd the 

Ae inéXpe ern a al sh nions Pood them i into 

: ee fy hold on to their 

EA dager at een Ra poad canvas 
of condematition andy ae eby iniplies that 
most spect atio Hin tOr rwar . by rogues 
DVEF EY profit oF starved of recognition 
and’ Kaf ifs e Ean end are unable to 


dis 
sity if foolish. 
: Sir Peter’s attack questions the integrity of 
; Scientists whose imaginative speculations, right 
<o or wrong, stimulate action that eventually 
ads to.the truth. He makes use of the 
‘ference to unnamed people — the 
tro mer, inobat — without stating 
ob . Above all, Sir Peter forgets 
Of p oof i is snot poe of absence. 


‘possible, probable and 


und insoles 
kii D.G. APPLIN 


Doves in false garb 


IR = the leading article “Doves in false 
garb” (Nature 18 February, p. 542). asks 
“What other justification i is there for the 
Medical Campaign against Nuclear War 
-except that physicians prefer hobnobbing with 
_. other physicians than with the hoi polloi?”’ 
> . This isa cheap shot unworthy of Nature. Let 
. ‘us hear some specific criticism of the 
. physicians’ proposals, let us hear some 
`: refutation of the plentiful justifications 
offered for the campaign by the physicians, 
but let us not hear ‘‘Nyah, nyah, nyah.” 
As the present American government 
considers a nuclear war ever more wageable 
< and winnable, physicians must also begin ever 
more often to picture themselves crawling 
` about on radioactive heaps attempting to 
> dispense medicine in the aftermath of victory. 
_. The hope for curing anybody is less than 
. Small. Physicians claim that a nuclear war is a 
< terminal disease for entire nations. When a 
: = doctor helps us to not catch.a disease this is 
_ called preventative medicine. Such help is not 
only: legitimate for a doctor to offer but may 
be felt required by the Hippocratic oath. 
Physicians is involved in t the Aforefpentioned 




















opinion of the | mo d 
_ Management Age 
(at least that of the 






toi the atte that society. 
United States) will totally 


recover from a full-scale nuclear war within 
two to four years? 

Nature concludes this commentary with the 
suggestion that if physicians, or any other 
professional group’s members, seek to 
influence policy they should become members 
of parliament. This suggestion is nonsense. It 
is precisely because physicians are not 
politicians that they may help bring significant 
arms control into being. In past comment 
(Nature 294, 197; 295, 270) Nature has both 
stated the evident desirability of serious arms 
control negotiations and depicted the 
bumbling attempts of (US) politicians to 
initiate them. Atomic and hydrogen bombs 
now proliferate faster than ever before anc 
members of parliament et al. have deen as yet 
unable to inhibit this malignant growth. To 
stop and reverse the arms race will require the 
efforts of people in all walks of life acting in 
ways Often without precedent, often compelled 
by personal, moral feeling. 

Nature owes the living minds of its readers 
mature and honest evaluations of proposals 
from any campaign against nuclear war. 


TOBIAS ISAAC BASKIN 
Stanford Mid-Peninsula Chapter, 
Physicians for Social Responsibility, 
Stanford, California, USA 
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Mutualistic lives 
Sır — In his News and Views article, 
“Mutualism: New Ecological ’ Theories’, 
May! asserts that ‘‘. . . conspicuous 
mutualistic associations tend to be tropical 
ones’’. May I suggest that conspicuousness is 
in the eye of the beholder? All the examples he 
cites involve animals. From ericaceous heaths 
of arctic~alpine regions, through vast acreages 
of boreal forest and temperate grasslands to 
tropical rain forests, the structure of the plant 
communities is governed, to those with the eye 
for them, by the conspicuous associations 
between plants and their mutualistic 
mycorrhizal fungi (see, for example, refs 2-6). 

Mutualistic associations between plants and 
nitrogen-fixing prokaryotes and lichens are 
also important in tropical and non-tropical, 
especially sub-arctic, zones’?.8. Harley?.!0, 
myself!! and others have bemoaned the slow 
recognition by taxonomists and ecologists of 
the importance of mutualistic fungi and 
bacteria to plants in all terrestrial ecosystems. 
Let us hope that another of May’s assertions! 
— that empirical and theoretical studies of 
mutualistic associations are likely to be one of 
the growth industries of the 1980s — will be 
world-wide and encompass interactions 
between all five kingdoms of organisms!2. 


D.H. Lewis 
The University, 
Sheffield, UK 
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Kin to whom? 

Sin — Kin selection is not normally used 

by students of mammalian social evolution to 
explain the sociobiology of a particular F 
class!-2, Contrary to the assertions by Packer — 
and Pusey (Nature 22 April, p.740), Boorman 
and Levitt? (p.250) derived the conclusion that 
‘attempts to apply k> (1/r) directly to the 
analysis of primate, carnivore or other 
mammalian societies should be evaluated very 
cautiously” from their thorough review of the 


literature on mammals. 


Students of vertebrate. social systems have 
recognized the importance of the “multis 
male” group, selection for outbreeding, and 
reciprocal associations between unrelatec 
males for social evolution in the mammals, ih 
and the implications of these classical features 
for the genetic and phenotypic. structures of | 
mammalian, including human, populations 
have been discussed!.4-9, It is the persistence of 
these features that leads some primatologists 
to conclude that macaques and baboons, 
rather than gorillas or chimpanzees, are the 
richest models extant of hominid 
evolution!0.1!, Further, numerous “theoretical ; 
analyses” have pointed out that “inclusive 
fitness maximizing’? and kin selection are not © 
equivalent and that under certain competitive 
regimes, kin may be ‘“‘ego’s”’ worst > 
enemies!2-14, Packer and Pusey’s appreciatior 7 
that individual reproductive ‘games’ may not 
often be explained by kin selection for the 
mammals follows from the literature on 
behaviour and social evolution in that class. 


















CLARA B. JONES 
Museum of Comparative Zoology, 
Harvard University, Cambridge, _ 
Massachusetts, USA 
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ae Pilgrim’ s Progress should after 
_ long neglect once again take its place on the 
. y scene, as required reading for 
_ today ; molecular and cell biologists, and 
































the ‘snares, crevices: and hidden 
afforded by our modern tech- 
‘Shderstand it too little and often use it too 
: oo of n ane oE ig to quote 
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differeñt from the endogenous sarc 





“sequences” (Both Y¥73 and RSV, Rous 





ucing fibrosarcomas in chickens, and 
čir transforming genes are designated yes 
i and d sre respectively.) 








_ being structurally unrelated were based on 
nucleic acid hybridization analyses in 
conditions that would: generally be 
described as ‘medium stringency’. They 
_ were said to “unequivocally demonstrate” 
and were no doubt correct, but nonetheless 
“Jed to incorrect conclusions, as now shown 
in an article in this issue of Nature (p:205) 
by N. Kitamura and some of the authors of 
the above mentioned paper. 

Kitamura et al. have sequenced the yes 
gene of Y73 and compared it with a 
(revised) sequence of src. Overall, the 
‘homology is about 70 per cent; but they 
: find that, at the nucleotide level, the 
oe ‘sienna stretch . is sone 17 
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} servad. A great many of the 
however; prove to be 
hanges, so the encoded protein 
rkably similar, allowing 
suggest that these two 
T genes. were probably 








ogists, instructing us to. tread 
to the unknown, encumbered asit — 


logy. Not that there is any thing sinister 
“the technology itself. Rather, we 


With due apologies. to a distin- i 
a a that chicken 
(the) transforming. gene of V3 
lated to src of RSV and do not 


rréspond to any. endogenous viral 


sarcoma virus, are RNA viruses capable of 


he data that indicated yes and src as 


from Beverly Griffin 


derived from a common prototype 
sequence. The two protein sequences, 
although differing at the N- and C-termini, 
are almost indistinguishable over about 80 


per cent of their length. Notably retained is 
a polypeptide stretch of over fifty amino. 
acids containing the phosphorylated | 
tyrosine residue that now appears to be a 


common feature of transforming genes of 
both RNA and DNA viruses. 

In this context, another interesting paper 
by Stoner and Schlief* questions whether 


the amino acid, but not the nucleotide, 


sequences of the araC genes in two strains 
of Escherichia coli have been conserved. 
Again, the data point to third base changes 
which would prevent hybridization but 


- retain protein structure, Returning to the 


viral model, one can ask whether all the 
transforming genes of the class of viruses 


called retroviruses, when subjected to the 
same degree of scrutiny, might not proveto 
be similarly related. Take the fps gene in 


Fujinami virus (FSV), for example. 


Hanafusa ef al? state that ‘‘the results 


described ‘convincingly exclude the 
presence of RSV-related src gene in the 
genome of FSV. The lack of src was shown 
by oligonucleotide fingerprinting, 
molecular hybridization and immu- 
noprecipitation with antiserum to the sre 


‘gene product’. The question now arises, 


will these techniques survive the nucleotide 


_ sequence test, or have they, in this instance, 


proved false in the hands of undeniably 
eminent scientists? At this stage, the 
possible relationship between viral 
transforming genes and oncogenes’ or 
that between the transforming genes of 
RNA and DNA tumour viruses seems a 
matter of conjecture. The question has to 
be raised of how much confidence one can 
put in negative data. With all the 
enthusiastic computing going on at many 
terminals, can a program be devised that 
will allow the accuracy of sequence rela- 





Beverly Griffin is in the Imperial Cancer 
Research Fund Laboratories, Lincoin’s Inn 


- Fields, Londen WC2A 3PX. 
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tionships to be estimated, particularly, with 

respect to hybridization? E 
Before this becomes possible, one 

ee needs to understand: ¥ 
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hybridization and unde 


these? The future clear 


the aid of this very powerful, but a 
than well understood, technique. - 
The literature contains @ smattering of 


few that help to clarify matters, a start can 


The authors chose three related and well 

defined (that is, sequenced) DNA viruses 

of different host origins to compare by 

hybridization — SV40 from monkey, BK 

virus from man and polyoma virus from > 
mouse cells. Under stringent hybridization = 
conditions, very little homology was = 
observed, and this was assigned to the 
region encoding the viral capsid proteins, : 
not a region of primary importance in the 
pathology of these viruses. By sequentially 
decreasing the stringency, however, = 
homologies began to appear elsewhere, 
such that the coding regions of SV40 and. 
BKV could be observed to be remarkably = 
similar, and also similar to about 75 per 
cent of polyoma virus. The validity of these 
hybridization studies was confirmed by a... 
direct comparison of their DNA 
sequences’, and evolutionary relationships 
among the viruses were proposed®*, What 
was the outcome of this less qualitative and 











hybridization than is usually « see 
eae 7 










































































pr Ge Geporn) ad. 
: immunological cross-reaction between the 
large T(tumour) antigens of SV40 and 
<: polyoma virus. They conclude their paper 
with the warning note, ‘‘that. a cross- 
> reaction between two proteins of related 
function and extensively. homologous 
primary sequences should prove so elusive 
‘sounds a note of caution in the 
interpretation of negative results when im- 
munological techniques are used to search 
for homologies between polypeptides”. 
At a simpler level, but perhaps the one 
from.which quantitative understanding of 
hybridization will ultimately come, Gillam 
et al. have studied melting temperatures 
“between duplexes of oligo(T) and 
oligomers: such as ATA and AGA. A 
difference of several degrees in the relative 
tabilities of the duplexes was found, with 
ather surprising result that the former 


th of the oligomers was increased from 
ptamer to the nonamer, this 
erence diminished. (Among many 
eresting conclusions, they note that an 
godeoxyribonucleotide is less likely to 
orm a mismatched structure with DNA 
han with RNA.) When homologies be- 
een dissimilar but related species are 
mpared, is not hybridization essentially 
ult of a composite of melting out and 
eforming short duplexes? © 

‘Avrelated approach has been taken in a 
series of stimulating papers by Wallace er 
alt, who investigated hybridization by 
using oligodeoxynucleotides as ‘hybri- 
dization probes’ for specific genes. By 
nodification of the conditions under 
yhich hybridization was carried out, they 
ould discriminate. between the formation 
f. perfectly matched and single-mis- 
‘matched duplexes involving rabbit 
- B-globin DNA and fourteen-long 
- Oligomers. To end on another ‘perhaps’, 
Studies such as the elegant ones mentioned 
‘above may ultimately lead to a series of 
“rules for the selection of the appropriate 
hybridization. conditions that will allow 
interactions, whether between nucleic 
-. acids, or proteins, or even between the two, 
= to be predicted accurately, even before 
: detailed sequences become known. u 
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smatched double helix appeared to be 
re stable than the latter one. As the 


“McCormick, F., Lane, DP. & Diivani S. M. Virology 


Waterman, K. &. Smith, M Nucleic Acids. 


pe Robert W. Cahn 


CONFIDENCE in the intrinsic feasibility of 


an economically effective fusion reactor is 
now sufficiently widespread among those 
responsible for research policy that 
technological aspects of fusion reactor 
design are receiving detailed attention. One 
straw in the wind is the recent publication 
of the Proceedings of the Second Topical 
Meeting on Fusion Reactor Materials’ . 
While about a quarter of the papers deal 
with such matters as tritium and deuterium 
recycling, breeding blankets and their 
constituent materials (especially lithium), 
and alloys for magnet windings, the central 
concern is the ‘first wall’ — the inner 
surface of the torus which is exposed to the 
full intensity of the 14 MeV neutrons 
resulting from the D-T fusion reaction. 
Schiller? surveys the various dangers that 
beset a first wall: swelling and em- 
brittlement due mainly to helium generated 
in situ by a nuclear reaction due to 
neutrons, especially with nickel; erosion by 
sputtering due to neutral atoms escaping 
from the plasma, which might remove as 
much as icm from the surface during a 
15-year reactor lifetime; and thermal 


fatigue because the operation of the reactor 


will be pulsed. 

A number of alloys have been proposed 
for the first wall, including some exotic 
ones. 
seriously proposed the use of metallic 
glasses which typically crystallize at 
350-600°C: Emmoth ef al? have shown 
that the familiar glass Fe, Nig Bw sputters 
three times more slowly than Fe-Ni-Cr 
(crystalline) stainless steel. (This is 
interesting from a fundamental point of 


view also since no rigorous comparative 


measurements have yet been made of 
sputtering yields from the same alloy in 
glassy and crystalline forms.) - 7 
However, the ‘prime candidate mate- 
rials’ for the first wall appear to be an AF 
Mg-Si alloy and variants of type 316 
stainless steel (with ~ 15 wt per cent each of 
Ni and Cr). A great deal of research on 316 
steel was reported at Seattle: it is a familiar 
material, used for components of fast 
fission reactors as well. The most 
impressive of the papers on 316. steel 
variants are a group devoted to steels 
incorporating a fraction of a per cent of 
titanium carbide. One paper‘ from the very 
active reséarch group at Jülich in West 
Germany compares the behaviour of 316 
steel with and without TiC. The unir- 
radiated creep rupture life at constant 


-stress at 700°C and the reduction of creep 


rupture life due to helium ion implantation 


_ {which simulates what happens in a fusion 
-reactor first wall) were very much better in 


the modified steel. This is plainly due toa 


fine distribution of TiC in grain interiors 


and the ability of these TiC particles to trap 


aad bubbles mor from the grain : 





Thus several investigators have 


: the, University o 2 


boundaries whet one they produce creep 
embrittlement. This is an example of the » 
increasingly common metallurgical ployof ` 
setting one impurity trap. to combat the 
effects of another... 

A steel almost identical to that studied at 
Jülich is. the American ‘prime candidate 
path A alloy’. Arnberg et a/.5, of MIT, 
show that if this alloy is made by rapid 
solidification processing (flakes frozen at 
~ 10° K s and then hot extruded), a fine 
grain size (~ 10 um) and extremely fine TiC 
particles result. This material, when 
helium-bombarded, proved to be very 
resistant to swelling at ~ 600°C, even more 
so than the same alloy made by con- 7 
ventional methods: The TiC, according to 
the investigators’ electron micrographs, 
nucleates numerous helium bubbles 
(especially the more numerous TiC 
particles in the rapidly frozen alloy) and. 
these bubbles all remain very small, 
presumably under. high | pressure. Megusar 
etal.® (also.at MIT) have prepared versions: ~ 
of this steel with triple the 
concentration (only rapid freezing wi 
a uniform distribution of particle: 
concentration) and this is expected 1 9 
even more resistant to- swelling. ‘The 










corresponding embrittlement tests have. : 
‘not yet been undertaken. 


The 316 steels are austenitic (face-centre. a 
cubic in- crystal structure), Ferritic (body- — 
centred cubic) Fe-Cr steels without nickel - 
have also been examined They have the - 
advantage of generating less helium from. K 
(n,a) reactions than do 316 steels 5 
steels are hardened but also quite se 
embrittled by irradiation’, but Japa 
work showed that a high Cr content (15 wt 
per cent) minimizes embrittlement’. | 

An interesting German. paper? shows 
that ordinary pressure vessel steel (without | 
Ni or Cr) embrittles much less when 
irradiated at the service temperature of 
290°C (in a PWR reactor pressure vessel) 
than when irradiated at ambient 
temperature, in the sense that the ductile- 
brittle transition temperature is less 
affected. However, if the steel contains a- 
small amount of copper (a. notorious 
source of contamination from recycled = 
scrap steel), then embrittlement at service 
temperature is much more substantial. : 
Here, an involuntary trace element, unlike 
the intentionally added Ti in 316 steel, has 
dangerous effects; but it is not difficult to 
control copper levels:in high-grade steel. 

Pressure vessel steels are currently being _ 
analysed in great detail in terms of linear * 











‘elastic: fracture: mechanics, and the 
characterization of such steels goes along . 


way T a vo of the effect of = 
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‘a very — 


alculate for 


: vessel to what size a 

row before it can present any 

asis for these calculations 

itlined in technical terms by 

i Cowan!® and, with his 

nparable clarity of exposition, by 

ell in his popular book on reactor 
yit, While a failure of a fusion reactor 

| irst wall would certainly represent a far 
-less serious accident than the fracture of a 
-PWR pressure vessel (which, of course, has 
never happened), no doubt fracture 
Mechanics will in due course be applied to 
the fusion situation as. well, since it 


le iy young iutinous stats pang the 
giant gas clouds which are the sites of 
continuing star formation. The relation 
between the existence of. the arms and the 
: ng stars which delineate them is 
jus to the relation of the chicken to 
Do the galactic density waves 


y eep material into the arms purely . 


sate the. ideal. | conditions for 


0 the density enhancement, 

‘matic na more fundamental re- 

or the existence of the spiral 

Vhile current theories of galactic 

ral. structure suggest that the star 
mation is incidental, a recent. numerical 
dy of the effect of star formation on the 
pesrance of a rotating galactic ‘disk 


rard Gilmore is af the Royal Observatory, 
Hi Edinburgh EHS SHS. 


where. the prevention of fracture is 


concerned. C 
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suggests that, in some cases at least, bursts 
of star formation may in fact generate the 


observed structure (Seiden, Schulman &. 


Feitzinger Astrophys. J. 253, 91; 1982). 
There are currently two widely discussed 
theories of galactic spiral structure. The 
first, originated by Lindblad in 1941. and 
developed extensively by C.C. Lin and 
associates, involves the response of a disk 
to an imposed spiral perturbation to the 


galactic gravitational field. As the stars and 


gas respond to this perturbation, they form 
a spiral density perturbation, which 
sustains the gravitational pertubation. The 
density wave is therefore self sustaining. 
The important difficulties with this theory 
are to find an origin for the perturbation, 


to maintain it against energy loss to 


resonances in the stellar orbits and to 
prevent its destruction by winding up. In 
general, the stars and gas outside the 
nuclear regions of galaxies have flat 
rotation curves, implying strongly 


Left, M83, a large, almost face-on 
spiral galaxy perhaps 10 million light- 
years away. The complex spiral arms 
are patterned with masses of dust, 
some of which seem to occur in giant 
shells many hundreds of light years 
across, and contain large numbers of 
young, luminous stars and masses of 
hot, glowing gas. At the centre of the 
galaxy is a source of radio waves. 
Right, one of the largest barred spiral 
galaxies, of visual magnitude 10.6 and 
an angular diameter of 9 arc min, in the 
constellation of Pavo. 


dense cloud, 


Fods Spiral ee are, ho 
typically 50 rotation periods old. Sov wha 
maintains the spiral structure? 

In the second theory, extensively 
developed by Alar Toomre and colla- 
borators, the spiral density perturbation is 
generated as a consequence of dynamical 
interactions with nearby companion 
galaxies. His numerical simulations of such 


interactions. show a strong density wave = 


propagating through the disk galaxy as a 
consequence of internal dynamical! 
resonances (called ‘swing amplification’ by 
Toomre) initiated by quite small density 
perturbations. This model can generate 
density waves, but requires them to be 
transient. The high proportion of disk 
galaxies showing spiral structure is then a 
consequence of the high rate of dynamical 


interactions between galaxies. The spiral 
structure of our Galaxy becomes a ~~ 


consequence of the orbital properties ofthe- 
other galaxies in the local group. | 
While proponents of both these theories x 
are able to generate models in striking 
agreement with observation, what of. 
isolated galaxies, where no obvious origin | 
for the spiral density perturbation is | 
apparent? It is here that the mode] of | 
Seiden et al. is of interest. They have - 
extended earlier work by Seiden and 
Gerola (Astrophys, J. 233, 56; 1979; 
Nature, News and Views 283, 133: 1980) 
modelling the effect of star formation on 
the appearance of a galactic disk 
including a simple approximatio1 
current ideas of self-propagating star 
formation (SPSF). In this model, a few 
very massive stars formed in. a dense 
molecular cloud evolve rapidly, and“ 
generate strong shock waves from stellar. 
winds or supernovae explosions. As these 
shocks propagate through the remaining — 
they initiate further 
compression with consequent enhanced — 
star formation, leading to more massive 


Photograph y by Phototabs, Royal Observatory, i 
Edinburgh 














‘cloud: as gas. E apn this will oa ai 
recollapse, ready for another burst of star 
formation. oy 
=> Seiden et al. model this SPSF process by 
-allowing random star formation to initiate 
bursts of. subsequent formation, and 
explicitly including a cooling time for the 
<; -remaining gas. As a burst of star formation 
< propagates outwards, differential galactic 
rotation smears the expanding shell into an 
> arc: The arc will then grow until it meets a 
. region in which star formation occurred 
= Jess than the recovery time before. With 
this simple view, the simulations are able to 
generate two-armed spiral galaxies 
allowing the initial star formation to occur 
< -randomly (hence their name: stochastic 
 self-propagating star formation — 
cS SSPSF), and without having to impose an 
initial spiral density perturbation. They 
‘note that their process may in fact be an 
„appropriate mechanism to stabilize a spiral 
ensity wave for many galactic rotation 



























Gerola et al. (Astrophys. J. 242, 517; 
1980) have also pointed out a further 
important. property of models of this type 
small galaxies, If the recovery time for 
he gas ig. comparable to. the galactic 
rotation. period, the star formation will 
occur in delayed but periodic bursts. Large 
“bursts of star formation have in fact been 
invoked by many authors for several years 
to explain the properties of small irregular 
galaxies and anomalously blue galaxies. 
While most of these bursts can be 
explained, as with spiral arms, by 





































: The larger of the two galaxies is NGC1512, 
consisting. of a cigar-shaped bar of stars 
- surrounded bya bright ring from which the 
iral arms. trail, The small lates 























| ought to jav hinne itself by 
“scooping up gas: from: the cloud around its 
larger companion; . the. newly acquired. 
~ © material has since formed stars. 
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star formation for the few isolated” 


galaxies, as predicted by their model, anda 


non-periodic phenomenon. 


ae between periodie bursts of - No 

1981): “tt ee 
structure of galaxies 
without any unique and tidy answer”. Oe 


re and Evolution of 
ds Fall & Bell, 111; 
lear now that the spiral 
js a complex riddle, 


















The great Japanese IQ increase 


from Alun M. Anderson 


THE mean IQ of the Japanese has risen 
spectacularly this century and, among the 
younger generation, is now the highest in 
the world, some 11 points above the mean 
IQ of the United States and other Western 
populations, according to a report by 
Richard Lynn in this issue of Nature 
(p.222). Analysis of results from the 


American Wechsler Intelligence Scale for 


Children shows that more than three 
quarters of the Japanese younger 
generation have a higher IQ than the 
average American or European. Lynn 
points out that with this difference in mean 
IQ there will be a far greater proportion of 
the Japanese population with a high 1Q — 
10 per cent of the Japanese younger 
generation should have IQs above 130, the 
levels generally found among professional 
groups such as research scientists, 
engineers, lawyers and doctors, compared 
with only 2 per cent of the American 
population. If, indeed, any link between 


IQ and intellectual achievment is accepted. 


then the future implication for societies 
which are becoming increasingly 
dependent upon technological innovation 
may be profound. 

How can this remarkable increase be 
explained? The dramatic changes in 
Japanese society that have occurred in the 
last century — a mixing of previously 
isolated peasant communities in the 
massive post-war urbanization, rapid 
economic growth and accompanying 
improvements in welfare, health and 
education and exposure to Western culture 
and ways of thought — probably providea 
large part of the explanation. By 
comparing the group of Japanese born in 
1910-1945 (mean IQ 102-105, only.a little 
above the American level) with that born 
between 1946 and 1969 (mean IQ 108~115) 
it is possible to find evidence of changes in 
that period in almost every factor, genetic, 
nutritional, educational and social, that 
has been supposed to affect IQ. Some of 
these can be documented by a few key 
measures of Japanese society. 


Japan retained a feudal society much — 
later than the West. Until 1868, when the 


Emperor was restored to power after nearly 
three centuries of rule by the military 
Shogunate,. 


ogunate, the great mass of the - 
population were peasant farmers, tied to 
the land and: marrying within the local 
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Fig,1 Increase in the urban’ population of 
Japan between 1920 and 1970 (from ref.1). 


communities. In the late nineteenth and 
twentieth century a movement of the. 
population towards the cities began, but it 
was not until the middle of this century that | 
urbanization gained pace. In the period - 
between 1930 and 1960 almost 40 per cent — 
of the population moved from the country 
to the cities! (see Fig. 1). The remoter rural — 
areas of Tohoku, Hokuriku, San’in, 

Shikoku and Kyushu were drained of their 

population, whole villages sometimes 

being abandoned, as Tokyo, Nagoya and 

Osaka emerged as massive industrial — 
centres. In the new urban areas rural 
groups that had been isolated for many 
centuries now mixed and inter-marriage 
between individuals from different 
parts of the country became common. Asa 
result the Japanese population has almost. 
certainly become more outbred — a 






supposition supported by data on con- 


sanguineous marriages gathered in’ the 
exhaustive genetic studies of the popu- 
lations of Hiroshima and Nagasaki carried 
out by the Atomic Bomb Casualty 
Commission?. The change is one factor 
that could have contributed towards the IQ 
increase; that inbreeding can reduce 
cognitive performance, including IQ ` 
scores, is: well documented (see ref. 3, for — 
example). ; 

Raised nutritional standards are very . 


likely to have had maj or effect on IQ. Lynn. . 
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“4890. 1910 1930 1950 1970 1990 
5 g Male life expectancy in Japan between 
ee 1890 and 1977 (from ref. 8). 


points out their importance and documents 
t by noting the increase in birth 












ights. His conclusion is supported by the 





increases in the height of the 
se and the rapid. rise in life 


sie males ‘born in- 1960 are on 
age 5,2cm (2.1 inches) taller than those 
in 1940. A similar increase was 
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derneath the body ona tatami mat.) 
rapid rise in life expectancy (to 72.7 
yr men and 78.9 years for women in 


935, ‘see fig. 2) has produced yet another 
, for the Japanese. In 1977 they became 
he world’s longest lived race and their life 
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educational opportunities since the 1930s. 
School attendance is well known to have a 
substantial effect on IQ levels*. Among 
those born in 1948 and graduating from 
junior high school in 1962, only 51.5 per 
cent went on to senior high school and 
10.3 per cent to college. By 1972, 87 per 
cent of junior high school students were 
progressing to senior high school and 30 
per cent going on to college (see Fig. 3). 
Nor, indeed, is this the first time that 
such a rise in IQ has been recorded. In the 
early days of American IQ testing many 
new immigrant groups were found to have 
low IQ (admittedly on much less 
sophisticated tests) but as they became 
accustomed to American life their [Qs 
rose’. A similar effect may have occurred 


as the Japanese have become used to tests.. 


devised for a very different culture. 

The change in IQ may, then, be 
explained in a multitude of ways. What 
remains.a puzzle is why the rise should have 


The ‘fold-back’ elements of Drosophila t 


from D.J. Finnegan 


‘GENOMIC rearrangements and DNA 


transposition have been observed in 


eukaryotes so often as to be a novelty no 


longer. Their significance and the various 
mechanisms by which they occur are far 


from clear, however, and at this stage all 


examples bear detailed investigation. The 
best characterized eukaryotic transposable 
elements are the ‘copia-like’ elements! of 
Drosophila melanogaster. They are not the 
only transposable elements in 


D, melanogaster and in this issue of Nature 


(p.201), Potter presents the complete DNA 
sequence of a member of a striking 


different class of transposable elements — 


the ‘fold-back’ elements. 

When DNA from any eukaryote is 
denatured and allowed to re-anneal at low 
concentration the first sequences to 
become. double-stranded are those that 
occur as inverted repeats. The repeats may 
be immediately adjacent or separated by up 
to several thousand base pairs and, as the 
reaction is intramolecular, the structures 
formed are called ‘snap-back’ or ‘fold- 
back’ structures. Schmidt et a/.* and Baker 
and. Thomas’ have estimated that there are 
2,000-4,000 pairs of inverted repeats, or 


potential fold-back structures, in 


D. melanogaster which comprise about 
three per cent of the total genome. To study 
the properties of the fold-back structures 
Potter et al.® screened a library of cloned 


D.J. Finnegan is in the Department of 


Molecular Biology, University of Edinburgh, 
Moreia Road, Edinburgh EH9 3JR. 


select a number of others contair 
related fold-back (FB) elements. 






io Of more obvious significance for the rise 
-in IQ may be the very great increase in 















does t not TaT & one ee. or anothe 
there would seem to be endless opportunity _ 
for speculation. Whether: the difference in 
IQ represents a real difference in 
‘intelligence’ or simply implies that the 

Japanese are better at IQ tests, remains 
open to question. At present, there is little: 
more tosay than that. ERS 
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fragments of D. melanogaster DNA witha. 
probe enriched for the stems of fold-bacl 
structures, They obtained one cl 
containing an inverted repeat’ and used to 














sequence of one of these, FB4, is report 
in this issue. | : 
Potter et al.® also demais th 
chromosomal distribution of FB eleme 
by hybridizing an FB probe to p polyten 
chromosomes of larvae from different. 
strains. About 30 hybridization sites were - 
found in each case but their actual ~~ 
positions differed, indicating that FB. — 
sequences can move about the genome, 
that is, that they aretransposableelements, =). 
There are approximately 25 families of 
copia-like elements in the D. melanogaster 
genome. The members of each family are 
well conserved and are bounded by direct 
repeat sequences a few hundred nucleo- 
tides long, at the ends of which are short. 
inverted repeats. The sequence of the direct ~ 
repeats varies little within a family and, in 
all cases looked at so far, the repeats at the 
end of any one element are identical. In 
contrast, FB elements vary greatly in their 
inverted repeat sequences and the DNA 
separating them®’. The inverted repeats — 
have a sequence organization similar to- 
that of satellite DNA’ and those of FB4 are. ~ 
made up largely of tandemly repeated 
copies of a 155 nase pair p uni wi 




































































































ne rigt keh. repeat 
: he: left, and Potter 
: points out that length variation of this type 
S could be generated by mismatch 
“recombination between repeats of 
different FB elements. In addition to these 
gross differences, the two repeats also 
_. differ by base substitutions and dele- 
-tions/additions. The most highly con- 
- served regions are at the extreme ends of FB 
- elements. This is not surprising since these 
regions must presumably interact with any 
proteins involved in transposition. 
< : Thecentral region of most FB elements is 
= made up of sequences related to the 
-inverted repeats. themselves’. FB4 is 
unusual in that its terminal repeats are 
separated by about 1,750 base pairs of 
unrelated DNA containing a potential gene 
coding for a 148 amino acid polypeptide. 
<=- Most of this central region may itself be a 
_ transposable element since 33 nucleotides 
at its right-hand end occur as anear-perfect 
inverted repeat a short distance from the 
: left-hand end (terminal inverted repeats are 
characteristic of all known prokaryoticand 
ukaryotic transposable. elements). 
~The mechanism by which copia-like 
lements are able to redistribute themselves 
round the genome: is by no means clear but 
he many properties they have in common 
with proviruses’ suggest that it could 
involve circular intermediates? produced 
F by a transcription-reverse transcription 
: cycle. This is unlikely to be true of FB 
“elements, however, and Potter (p.201) 
suggests that a transposase similar to those 
-of bacterial transposons is involved and 
“might been coded by the central region of 
-FB4. Against this one has to remember that 
FB4 is the only FB element known to 
ontain | this sequence and its putative gene 
product might equally well be a transposase 
or the potential transposable element 
comprising this region. 
The role (if. any) of FB elements. is 
: unknown, Goldberg et al.'° reported that 
‘an FB element lies at one end of one of the 
very large transposable elements (TE 
“ elements) described by Ising®. These are 
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R Pakne of the ‘genome, such “as the va 
white eye gene (w), unlike copia-like — 
elements. which. seem to be genomic 


parasites. This raises the interesting 
possibility that any sequence bounded by 
two FB elements may potentially be trans- 
posable. 

Inverted repeats can be detected in 
rapidly re-annealing DNA from. many 
species and one may wonder whether these 
are similar to FB elements in the same way 
that endogenous proviruses seem to 
correspond to copia-like elements. In 
humans, the bulk of inverted repeat 


Seamounts and flexure of the lithosphere 


from A.B. Watts 


More than 75 years have passed: since the 


first gravity measurements showed that the 
Hawaiian islands, in the Pacific Ocean, 


were associated with large positive gravity 


anomalies of up to a few hundred mGal. - 
The American geodesists, Hayford and 


Bowie', showed in 1912 that these 
anomalies could be substantially reduced 
by taking into account isostasy. The form 


of isostasy they preferred was the Pratt 


model, which considered that the islands 


were locally compensated. by lateral 
variations in crustal density. The model 


was popular with geodesists since it enabled 
them to readjust the triangulation system 
of the US: a task of immense practical 


importance in mapping and surveying. It- 
was of comparatively little interest, 


however, to a leading geologist at the time, 
Barrell, because it did not account for the 
lateral strength of the crust, Putnam 
pointed this out to Hayford and Bowie who 
subsequently amended the Pratt model by 
extending the compensation from beneath 
the islands into surrounding regions. They 
showed that a regional model of isostasy 
could reduce the gravity anomalies over the 
Hawaiian islands further than could the 
Pratt model. 

But it was not until 1926, when Vening 
Meinesz? made the first pendulum gravity 
measurements in a submarine, that it was 
possible to prove regional, rather than 
local, isostasy for the Hawaiian islands. 
The measurements showed that the 
positive anomalies over the islands were 
flanked by negative anomalies of up to 100 
mGal, which Vening Meinesz first 
interpreted as a result of downbending or 
flexure of the crust due to the load of the 
Hawaiian volcanoes. He used a model of 
an elastic plate overlying a weak fluid 
substratum, similar to one developed by 


Hertz? to model the flexure of iceon ponds ~ | 
by skaters. Subsequently, Vening Meinesz- 
Pam ensiates that a Remarc) model of ; 


sequences | ma 
ponent of hüma; dispel 


some European geodesists. 


long. periods of time. Thus, one of he i 
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-Jagadeeswaren ef al. 1 have suggested that E 


Alu sequences. can themselves. transpose 
but there is no indication that they behave 
like FB elements. It does not follow that 
humans and other vertebrates do not 
contain such elements, however, since even 
in D. melanogaster they make up less than 
two per cent of inverted repeats. All of this- 
goes to show that there is still much work to 
be done inthe study of repetitive DNA. © 


isostasy reduced the gravity anomalies over 


-the islands. further. than could either the 


Pratt: model, favoured. by Hayford and. 
Bowie, or the Airy model, preferred iby. T 





Since the development of the concept of ` 
plate tectonics the flexure model of i isostasy 
has assumed a special significance. Plate - 


_ tectonics views the outer layer of the Earth, — 


or lithosphere, as consisting of several large ` 
plates which converge, move apart and | 
slide past each other. The plates therefore 

correspond to the rigid layer argued for — 
earlier, on isostatic grounds, by Barrelland > 
Vening Meinesz. Animportant assumption - 


of applying plate tectonics to the geological a 






past is that the plates behave rigidly f g 


objectives of current flexure studies ha - 
been to determine the thickness of the rigid s R 


‘layer and whether it varies on long 


geological time scales. 

The numerous oceanic islands | and 2 
seamounts that occur in the world’s oceans 
have proved particularly satisfactory loads 
for flexure studies. They are mainly of 
volcanic origin, form relatively quickly on 
the plates (as evidenced by the short. times 
between eruptions) and occur in a variety 
of tectonic settings. Since WW. II there 
have been a number of geological; geo- 
physical and geodetic. investigations of 
seamounts and oceanic islands so there is 
now a large amount of bathymetry, — 
gravity, geoid and recent crustal movement 
data for them. By comparing these data 
with predictions. based on elastic plate 
models it has been possible to estimate the 
flexural rigidity, and the equivalent elastic *. 
thickness of oceanic lithosphere, in — 


: dif ferent tectonic settings in the oceans*’. 


Flexure studies at seamounts and a. 





AB. Watts is Professor of Geology in the he 
Department of Geological Sciences, Columbia _ 
‘University, Palisades, New York 10964. =~ 
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the time of loading. The 
ize of ages represented by these 
(1-56 Myr) suggest. that on 
ding, the lithosphere rapidly relaxes 
om its initial short-term (seismic?) 
thickness to a long-term mechanical 
thickness. Subsequent relaxation has not 
been observed, but may occur on very long 
(>56 Myr) time scales. The smallest values 
_ Of elastic. thickness (5-8 km) have been 
determined at features which form on 
-young oceanic lithosphere, such as the 
-western Walvis: ridge guyots, while the 
largest values (17-37 km) have been 
_ determined at features which form on old 
_ oceanic lithosphere, such as the Hawaiian 
islands. These variations suggest* that as 
_ the oceanic lithosphere cools, it becomes 
: propressivdy more rigid in its response to 
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ered to as elastic’, even 
odel parameters. actually vary 
The elastic thickness apparently 
es rapidly following loading, 
“approaching _ an asymptotic value that 
_ depends on the plate age. The lithosphere 
only appears elastic, therefore, after some 
time has elapsed (~1 Myr) and, even then, 

thickness of the. elastic layer is 
retards i age. y 


flexure studies only reveal 
jrmation on the average mechanical 
perties of the lithosphere. The 
< estimation of elastic thickness from gravity 
nd geoid data, for example, is 
cS omplicated by uncertainties in the 
volcanic load and infill densities, the 
ustal structure before flexure, and the 
< lateral and vertical extents of lithospheric 
_ heating at the time of loading. But as 
_ Lambeck? and others have pointed out, 
oS gravity. and geoid data are consistent with 
an elastic model in which the elastic 
thickness increases with age of the 
_ lithosphere at the time of loading. A more 
difficult problem, though, is that there is 
-fo maximum stress a purely elastic plate 
can. store; yet the actual materials of the 
lithosphere are likely to have some ultimate 
strength. Goetze and Evans!’ have pointed 
out, however, that if a more realistic ‘yield 
stress envelope’ is used for the lithosphere 
(based on data from experimental rock 
Mechanics), an elastic core would be 
: cted to develop during flexure that 
nds closely to the elastic thickness 
ined using the elastic model. 
elastic model has been 
exure studies’, it has been 
yme workers who prefer a 
(Maxwell) model. A 
is characterized. by an 
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Estimates of the elastic thickness {or 
mechanical thickness) of oceanic 
lithosphere plotted against age of the 
lithosphere at the time of loading, The 
solid symbols are estimates from studies by 
different workers at seamounts and 
oceanic islands, open symbols are 
estimates from studies at mid-ocean ridges. 
(squares), river deltas (diamond) and deep 
sea trench-outer rises (triangles). As the 
age of most of the features range froma 
few Myr to several tens of Myr, flexure 
studies indicate that on loading the. 
mechanically supportive part of the 
lithosphere relaxes from its shert-term 
(seismic) thickness to a long-term. 
mechanical thickness. The long-term 
thickness does not appear to change. 
appreciably with time. Thus, flexure is 
likely to be an important controlling 
mechanism in the tectonic evolution of 


geological features in the oceans and — 


continents. 


by a viscous relaxation that rapidly 


increases with age of the load. Since the 
model incorporates a form of stress 
relaxation, the ‘equivalent’ elastic 


thickness would be expected to decrease as 


the load increases in age, the decrease being 


most apparent for long times (compared 
with the Maxwell relaxation time) and large 


loads. But elastic and viscoelastic models 
produce flexure curves of similar shape. 
Thus, the best way to distinguish between 
them is to determine whether the elastic 
thickness is controlled by the age of the 
load (viscoelastic model) or by the age of 
the plate (elastic model). 

Walcott’ first suggested, based on the 
results of flexure studies of continents and 
oceans, that the elastic thickness of the 
lithosphere depends on the age of the load, 
rather than on the plate age. A difficulty 
with his study, however, was that he did not 
satisfactorily account for differences in size 
or tectonic setting of the various geological 
features used in these studies. Recently, 
Lambeck!! accounted for these differences 
in a study of the Society and Cook Islands 
in the South Pacific Ocean and argued fora 
dependence of the elastic thickness on age 
of these loads, that indicated a Maxwell 
time of about 10’ yr for the oceanic 
lithosphere, The differences in age between 
the Society and Cook Islands are too small 


(1.4-3.1 Myr), however, to resolve 


| than the younger "load (ociety). : 


_of the outer rise seaward. of deep-sea 


deltas, the pattern of late glacial reboun 


large volcanic load, such as the Hawa 


seismic experiments, using long arrays and — 
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along: the Hawailan-Emipëror: seamoun 
chain; the younger Hawaiian ridge: (4-18 
Myr) shows the larger elastic thickness (37 — 
km) and the older Emperor seamounts 
(44-58.5. Myr) the smaller thickness (22 
km). But as Watts? pointed out, the small. 
values for the Emperor seamounts can be. 
more simply explained by an elastic, rather 
than a viscoelastic, model since these. 
seamounts were originally: emplaced on- 
young, weak, oceanic lithosphere. ees 
This discussion suggests, therefore, that... 
a consensus is emerging from flexure 
studies at seamounts and oceanic islands 
favouring the elastic model as the most: 
useful working hypothesis for the long- 
term mechanical properties of the- 
lithosphere.. The model can also. explain 
(with some modification) the topography 


trenches, the deep structure of large riv 


due to the receding Laurentide i ice caps.and 
the patterns: of gravity anomalies: over 
orogenic belts and Precambrian granite 
plutons. “The model i is therefore currently $ 
enjoying a wide range of applications in 
geology that include the determination of 
the tectonic setting (on-ridge or off-ridge’ 
of intraplate volcanoes, the nature of the 
control on. stratigraphical sequences. in 
sedimentary basins and the gravity and 
geoid effect of deep processes beneat 
lithosphere, such as layere f m 
convection. | : 

Clearly, the. iatis ‘med. remain 
working hypothesis that needs to be te 
in the future. A critical test would 
determine the actual seismic thickness of 
the crust and lithosphere i in the regio: 


islands. Recently, two-ship ‘multichannel 


repetitive sound sources, have been carried 
out in the western and eastern. Pacific ~~ 
Ocean!? that have revealed nearly | 
continuous reflections from the ‘Moho’ 
discontinuity at the base of the oceanic — 
crust. Similar experiments in the central. 
Pacific, near the Hawaiian islands, offer 
the most promise, therefore, to test the . 
flexure model of isostasy during the next. 
decade. Ci 





1. Hayford, J.F. & Bowie, W. Spec. Publ. 10 (Coas and |” 
Geodetic Survey, Washington DC, 1912}. 

2. Vening Meinesz, F.A. Publ. Neth. Geodetic commun. 
(Delftsche Uitgevers Maarschappij, Delft, 1948). 

3. Hertz, H. Wiedemann’s Annalen 22, 44911884}. 

4, Walcot, R.1. J. geophys. Res. 78, 3941 (1970). 

5. Watts, A.B. & Cochran, JR. Geophys. J. 38, 119 -s 
(1974). . 

6. McNutt, M. & Menard, H.W. J. geophys. Res. 83, 1206 
(1978), 

7, Roufosse, M.C. Proc. 9th GEOP. Conf. Dent Geodetic 
Sci, Rep, 280, 261 (1978). . 

8. Watts, A.B. J. geophys. Res. 83, 598941978) 

9. Cazenave, A., Lago, B., Dominti, K. & Lambec BS 
Geophys. J. 63, 233 (1980). oe 

10. Goetze, C. & Evans, B. Geophys. J.59, 463 1 

H. Lambeck, K. Earth planet, Sci. Lett. $5, pry 

12. Stoffa, P.L., Buhl, P., Herron, TL& i 
Mar. Gear 35,83 ti ; l 



















$ eukaryoütge genome e asr rececen sth begun toseem dees stable, both in PA andi in 
ontogeny’, than many biologists had assumed. These trends prompted the Institute of 
>- Genetics to invite to its annual Spring meeting* speakers on six genetically labile systems: 
the MHC locus and the immunoglobulin genes of mammals, the genes encoding the 
surface antigens af trypanosomes, and the genes of plant and animal tumour cells. The 
MHC locus, which illustrates the evolutionary lability of the vertebrate genome, will be 
discussed in detail ina later article. What follows here is concerned with the generation of 
diversity on a much shorter time-scale, in antibodies during the lifetime of vertebrates, 














































Both the antibodies of vertebrates and 
the surface antigens of trypanosomes have 
evolved the means of extremely rapid 
diversification through DNA 
-. rearrangements leading directly to changes 
in gene expression. But the — selective 

- pressures. on antibody-producing 
vertebrate lymphocytes are different in 
fundamental ways from those acting on 
4r ypanosomes; and those differences may 
se reflected in the mechanisms by which 


-at Cologne. explored both the causes and 
he consequences. of variation in these two 
‘systems — and touched on some 
implications for the normal and abnormal 
development of multicellular animals. 


-Deletion and recombination in 
immunoglobulin: 
“The somatic rearrangement of the DNA of 
| antibody genes takes place in lymphocytes 
of the lineage whose end-product is the 
differentiated antibody-secreting B cell, or 
plasma cell. Its effect is to join the two 
normally separate gene segments (the V - 
and J segments) to encode the variable 
‘region of the light chains of the antibody 
molecule, and of three separate gene 
segments. ‘(the V,D and J segments) to - 
ncode the variable region of the heavy 
hain (see: summary diagram in ref.2). It is 
io longer disputed that the variability of 
-the variable regions of antibodies arises 
`: from the largely random assembly of each 
of the coding sequences from a large pool 
of germ-line V segments, asmaller pool of J 
segments, and (for heavy-chain V regions) 
=: a pool of D segments whose extent is still 
--ccunknown. There is however vigorous 
-debate about the mechanisms by which the 
‘recombination takes place. 
| The only obvious clue yielded by the 
c5 recombining DNA itself is the presence of 
conserved ‘signal’ sequences flanking each 
of the separate gene segments (see legend to 
Figure 1). Because these sequences contain 
inverted DNA repeats, Leder? and 





; light-chain genes of mice, proposed that 
the vj Tjoin results from the f ormation of a 


1 Robertson. is associate editor of 


l éSpitig Meeting 6 on Molecular Biológy, whose theme was 
“the Genetic Basis of Diversity, was held in Cologne on Feburary 
24-27, 1982. 
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the genetic changes are achieved. Speakers | 


: Tonegawa*, both in 1979 working on the 


-and in the surface antigens of parasitic trypanosomes in the course of an infection. 


stem structure through intrachromatid 
base-pairing in which the DNA intervening 
between the V and the J loops out and is 
deleted (Fig. la). In support of this 
proposal, they reported the absence of the 
intervening DNA in immunoglobulin- 
secreting myeloma cells. 

The deletion theory however very soon 
encountered a challenge in the work of 


Steinmetz et al.5, who found in a mouse . 
myeloma a fragment of the deleted DNA > 
containing a recognizeable pair of back-to- 


back signal heptanucleotides. It is clear 


from Fig. la that such a configuration 
could be generated by the excision of the 


Leder/Tonegawa loop-and-stem if it were 
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ligated at its base to form a circle. But the 


persistence of such circles in antibody- m 
secreting cells is not consistent with the 


disappearance of the intervening DNA 
from the cells analyzed by Leder and 
Tonegawa. . : 

Furthermore, the persistence of back-to- 
back signal sequences is quite general: they 
have now been. found. in. many more 


myelomas and hybridomas, both by 


Walfield ef al® and by Van Ness and 
colleagues (M. Weigert, Institute of Cancer 
Research, Philadelphia). It has thus 


become necessary to think again about the 


mechanism of V-J joining; and one 


alternative, advocated at Cologne by: 


Weigert and by J. Héchtl (from the 
laboratory of H. Zachau at the University 


of Munich where the first back-to-back 
‘signal fragment was found) is mitotic ` 


recombination. resulting. in the unequal - 








theory and the Leder/Tonegawa theori 
that: while the lopp andaran mechan 


t 
4 
Lf 
+ 


Daughter I 


exchange of DNA | between ‘sister | 
chromatids (Fig. 1b)... 2 
The essential difference, ‘between the sir 
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Back-to-back 


signal sequences 


Fig 1. The joining signals for the V and J segments of light-chain genes are a conserved — 
heptanucleotide (>) followed by a conserved nonanucleotide (»), separated by about twelve 
base-pairs of non-conserved DNA-in the case of the V-segment signal, and about 24 Dase- 


pairs in the J-segment signal. 


For the heavy chain, which is not illustrated here, the conserved sequences are the same but 
both V and J signals have a 24-base-pair non-conserved spacer. The D segments, which in the 
assembled coding region come between them, are flanked on both sides by signals with a 


12-base-pair spacer. This arrangement has led to the enunciation of the so-called 12-24 rule 
for segment joining: joining, is held to occur. ong between signals with different spacer 


lengths. 


(a) Hypothetical loop-and-stem structure giving rise to a Vj join. If the loop were ligated 
at the base of the stem, the result would be a back-to-back pair of signal heptanucleotides. 


(b) The consequences of mitotic recombination with an unequal exchange of material 


between sister chromatids. One daughter inherits a chromosome with a functional V-J join, = 


the other a back-to-back heptanucleotide pair and. the pote ential fora future V-J join. Only 
the dividing paren and only one e chromosome of 
each in cavetter: dipioid ce cells will, of course, ; have two. ee 


one pair of sister chromatids is shown for t 
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ids ‘entails’ redistribution 
atids, with subsequent 
of the two chromatids to 
ughter cells, 
hti cand Weigert presented 
‘umstantial evidence for such 
_ segregation at Cologne. Höchtl etal.’ have 
now sequenced back-to-back signal 
fragments from three myelomas, and they 
find that the flanking regions of the back- 
to-back signals are not those of the Vand J 
segments actually rearranged int he 
myeloma cells. This can easily be explained 
if- the. myelomas had inherited a 
chromosome such as that illustrated. for 
daughter 2 in: Fig. 
rearrangement of the expressed segments 
_ occurring either by asecond recombination 
involving the same chromosome, or by a 
7 re ent on the other chromosome. 
recombination ‘can also ef- 
sly explain the ‘deletion’ of DNA 
xy Leder and Tonegawa, and by 
som ecell lines, since after two or 
unds f mitotic recombination a 
portion of cells will inherit two 
shortened chromosomes. Equally, 
however, it follows that the total DNA 
content of a population of normal B 
lymphocytes should be conserved. This 
ig pediction. has been tested by Van Ness et 













































7 T "That. is Tk Ea E of 
rearrangements involving Jy. 
reflected both in the proteins produced by 
myelomas and in the sequenced: back-to- 
back fragments, all of which so far prove to 
ontain flanking DNA from the J, 
Segment. Weigert suggests that this may be 
a ‘consequence of rearrangements of 
‘upstream J segments remaining on the 
chromosome containing the back-to-back 
signal fragment: the chromosome of 
daughter 2 in Fig. 1b illustrates such an 
upstream J. The downstream J segments 
remaining on daughter 1} would never be 
rearranged because rearrangement ceases 
once a V segment has been productively 
joined to a J. This would lead to an overall 
bias in favour of J. 

On the other hand, if multiple 
rearrangements are frequent then the back- 
to-back signal fragments would no longer 
‘be expected to correspond in a one-to-one 
fashion with the productively rearranged 
Segments in a given cell, and-one of the 
-stronger arguments forexchange between 

iror matids would be weakened. 
“who has. evidence that 
; are capable of 
S, places quite a 
ation on the back-to- 
that he, too, finds 
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chain genes but from ; a recent t analysis. of 
heavy-chain V-D-J joining by Alt and 
Baltimore’, 

By following the fate of the D segments 
in a pre-B cell line transformed by murine 
leukaemia virus (MuLV) and still 
undergoing DNA rearrangement, he and 
his colleagues have been able to show: that 
multiple rearrangements of D segments are 
possible; in one case three separate joining 
events between D and J segments alone 
must have occurred on a single 


‘chromosome. The final result of these 


rearrangements is a D segment sandwiched 
between two J segments and therefore 
incapable of participating in heavy-chain 
production. But two features of the 
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Fig 2. Abortively rearranged heavy-chain 


-DNA of-a virus-transformed cell line 


described by Alt and Baltimore’. the arrows 


_ indicate the relative orientation of the DNA. 


rearranged chromosome have important 


general implications for the mechanism of 


immunoglobulin- -gene rearrangement. 
First, a pair of back-to-back heptamers has 


been generated upstream from the joined 
segments; and second, the DNA between 


the heptamers and the downstream margin 


_of the D segment is inverted (Fig. 2). While 


the heptamers could in principle be 
explained by recombination between sister 
chromatids, the inversion cannot, since it 


would entail breaking the chromosome. 


Baltimore believes that the back-to-back 
heptamers in rearranged light-chain DNA, 
too, may be generated by the inversion of V 
segments during V-J joining. (The 
orientation of the V segments relative to the 
J segments in germ-line DNA is not in fact 
known.) At this stage, however, no 
mechanism for V-J joining can be 
definitively ruled out. 


More diversity by mutation and conversion 
In any case there is more diversity in the 
variable-region coding sequences than 
either mitotic recombination or 
intrachromosomal deletion can explain on 
its own. It turns out that somatic mutation 
occurs perhaps during and certainly after 
the DNA rearrangements that join the 
different gene segments; this can result 
in a very large number of substitutions — 
as many as 44 ina single V region. L. Hood 
(California Institute of Technology), on 
the basis of a detailed analysis of expressed 
and germ-line sequences encoding the V 
regions of antibodies that bind the hapten 


phosphorylcholine (PC), has concluded 


that there must be a special mechanism for 
generating localized mutations, since 





7 encoding the \ v region and. its immet liate : 


(National Institutes of Health) who 





vicinity!!. He calls the phenomenon 
hypermutation. l 

It can, however, be difficult to be certain A 
that the substitutions are due to mutation 
and not recombination between members ~ 
of the extensive V-gene family. Hood’s. 
evidence rests on the identification of-a 
family of germ-line V segments. that 
hybridizes strongly with the expressed anti- 
PC V sequences and not with other germ- 
line genes; and furthermore he finds 
substitutions in the J region, for which all 
the germ-line sequences are known. 

The danger of postulating mutation in 
the absence of complete information on 
germ-line sequences was illustrated by 

collaborators of K. Rajewsky and Ke 
Bayreuther (University of Cologne), who 
in similar studies have. discovered: ao 
V-region variant. arising in vitro in which — 
what was apparently a cluster of mutations — 
in the heavy-chain V region proved to be 
identical to a part of the germ-line sequence 
of a different V segment. They has 
interpreted this striking discovery. as i 
possible instance of gene conversion —- 
a mode of recombination esi 

invoked to account for otherwise- 
inexplicable blocks of homology. i 

The question of whether conversion 
makes a significant contribution. to. 
antibody diversity in vivo however remains : 
open. _ z 
Structure and function of antibodies ; 
The random — recombination ind 
subsequent mutation, or conversion, of | 
immunoglobulin variable-region gene — 
segments guarantee diversity of structure, 
but they by no means guarantee diversity of _ 
function. The extremely ill understood . 
relationship between the two has been the 
chief preoccupation of S. Rudikoff 




























































reported on the basis of an analysis of 
variants of anti-PC antibodies, thatamino- — 
acid. substitutions may make remarkably 
little radical difference to antigen-binding 
specifity. Hood hazarded'that the choice of — 
germ-line segments probably broadly 
determines the character of the antigen 
bound, while mutations (or conversions) 
‘fine-tune’ the binding properties of the 
antibody. 

Anextraordinarily elegant illustration of 
this principle was presented by W. Gerhard 
(Wistar Institute, Philadelphia), in whose 
laboratory a large panel of hybridomas has 
been constructed from individual inbred 
mice immunized with influenza A virus, 
and the monoclonal antibodies tested for 
binding to a range of mutant viral 
haemagglutinins. From among these 
antibodies, one group could be identified, 
on the basis of restriction mapping, asa ` 
family probably derived from the same re- 
arrangement of germ-line segments, and - 
thus presumably from the same precursor. 
B cell. The antigen-binding properties o 
most of them could, however, be clear] 
distinguished by single-point mut 
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keep. pace with the continous minor 
antigenic drift of the influenza 
haemagglutinin molecule. It may also 
explain why, by contrast, the more 
dramatic antigenic shift that.occurs every 
few years can give rise to pandemics!?: the 
= more profound structural effects. of the 
shift may demand a fresh combination of 
germ-line segments and leave the animal 
.. temporarily unprotected. 
Recombination and expression of genes 
for trypanosomes surface antiges 
Like the influenza virus, the African 
<o trypanosome has evolved the ability to 
change its.antigenic coat proteins and thus 
evade the immune armoury of its 
. vertebrate host. Indeed, the surface 
antigens of trypanosomes change 
sequentially in the course of a single 
infection and generally outflank the 
immune system altogether. But the parallel 
‘between trypanosomes and influenza 
viruses is in many ways less striking than 
the parallel between trypanosomes and the 
‘B lymphocytes of their victims. 
Trypanosomes, like B lymphocytes, have a 
family of related genes encoding surface 
proteins; and, like B lymphocytes, they can 
wary the expression of the genes by 
rearrangements of the chromosome 
‘containing them}, 
The manner of the rearrangement may 
however be less like that of antibody genes 
than that of the mating-type genes in yeast, 
‘since the expression of a variable surface 
glycoprotein (VSG) gene in trypanosomes 
‘seems to be preceded, at least in somecases, 
by duplication and ‘transposition!?, 
-whereas.no duplication (so far as is known) 
ccompanies the rearrangement of 
antibody V segments. P. Borst (University 
-of Amsterdam) has suggested that the 
_ duplication-transposition of trypanosome 
“VSG genes could be another instance of 
gene conversion, in which the gene in the 
. expressed locus — the so-called expression- 
= dinked copy — is converted sequentially by 
<- the other, co-called basic copy, genes. (The 
<>: conversion event posulated by the Cologne 
= group in immunoglobulin V segments 
occurs after gene rearrangement and not as 
part of its mechanism.) There is moreover 
no particular reason to expect that thesame 
<- recombination mechanism will operate in 
<B lymphocytes, which do not. need to 
Maintain their. genomes intact for 
transmission. to the next generation, and 
trypanosomes; which do. 
_ Transposition and activation of genes 
-A significant point of similarity however 
that in| both: cases: the ones | of 
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suggesting that the locus is constitutively 
active in the lineage. The unrearranged V 
segments by contrast are silent. Van Ness ef 
al. have established that recombination of 
the V segment (and its promotor) with the J 
and C segments increases the tran- 
scriptional activity of the C region 
severalfold'?, They conclude that the total 
transcriptional activity may depend on the 
combined effects of both V segment 
promotors, and the structure of the 
chromatin at the site of the C segment —- 
the appropriate chromatin structure being 
the necessary condition for expression. 
(There is in fact evidence for a region of 
DNase | sensitivity upstream of the 
C-region genes!5,) 

Similar factors may determine VSG gene 
expression in trypanosomes, though Borst 


believes the powerful promotor may be at- 


the expression site rather than at the basic 
copy site. He reported at Cologne that the 


mRNA transcribed from the expressed. 


gene contains a 5° sequence that does not 
correspond to the 5’ flank of the basic-copy 


gene, and suggested that it is derived from . 


the DNA at the expressed locus, which may 
contain an upstream promotor!®, This 
hypothesis could clearly be tested by 
cloning the DNA of the cxprestomlinkes 
copy. 

But trypanosomes in have in any case 
more than one way of changing the 
expression of their VSG genes. Williams ef 
al.” have found rearrangement of the 
expressed gene without evidence of 
duplication; and S. Longacre. (Pasteur 
Institute, Paris) reported that duplicated 
genes in T. equiperdum may persist 
unexpressed while a second duplicated 
gene in a different locus is transcribed. 

If the rearrangement of trypanosome 
VSG genes does not bring them under the 
control of a promotor, perhaps, like 
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_ differentiation pathway open to its bearer 
- — just as differential : 


actions open to a lymphocyte, Such 
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alternating expression ofthe: a “and a 
mating-type genes of yeast. Each yeast cells 
carries one silent copy of each of the two — 
related genes, a duplicated a or a gene being 
expressed in alternate generations at the 
MAT locus. There is some evidence that 
the chromatin at the MAT locus is ‘more 
loosely packed than at the silent loci. 

But the importance of. chromatin 
structure may not be confined to its effect 
on transcriptional activity. Mating-type 
genes, VSG genes, and immunoglobulin V 
segments. are not transposed to random 
sites in the genome, and the state of the 
chromatin may help to determine where 
they recombine. In every case, new * 
sequences are transposed to an already - 
active site, and. Van Ness et al. have 
suggested that, in. the case of antibody 
genes, transcriptional activity may be a- 
prerequisite for recombination. In this- 


context, it may be- extremely. significant 
that in mutant. yeast: strains'in which the — 


normally silent. mating-type loci are. 
transcribed, these loci, like the norn if 
active site, switch between a. a 
sequences; in wild-type strains, these s 
loci are never expressed and do” not. 
switch’? we 
Transformation and differentiation ae 
Are these variations in position. and © 
expression of. related genes a peculiarity of — 
a handful of highly. specialized- genetic ` 
systems, or have they (as Strathern and ` 
Herskowitz have suggested for yeast) 
important implications - for the study of. 
differentiation in- “general? It 
already been pointed: ÖL thi 
existence of three families of 
promotors on the chromosomes 
taining the three pools of V segments poses . 
a serious oncogenic threat. Since it is now. 
generally held that cancer may be caused by 
normal cellular genes promoted to» 
abnormally high levels of activity, the . 
arrival of a V segment complete with 
promotor in the vicinity of such a gene. 
might lead to cancer; and indeed ‘here is — 
evidence that some leukaemias may arise in 
just this way7!. n 
Speculations on the part played by labile. : 
gene families in normal development: 
however areso far largely unconstrained by | 
evidence. Thus unfettered, Hood launched _ 
a pan-explanatory. schema in which - 
embryogenesis is guided by varying surface 
markers differentially. and sequentially 
expressed on cells with different 
developmental. destinies, each additional 
surface marker further narrowing the® 
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Cold groundwater circulating through submarine ridge crests reacts with hot basalts at temperatures — 
in excess of 300 °C. The resulting solutions ascend and emerge as hot springs on the sea floor. This _ 
ridge crest hydrothermal activity is pervasive and chemically uniform. The fluxes of the various - 
elements injected into, or removed from, the ocean are substantial compared with fluvial transport. 
The dispersal of the effluent i is shown to be controlled by global circulation at mid-depth. 





LARGER SCALE, high temperature, hydrothermal activity is a 
ubiquitous: concomitant to the production of oceanic crust at 
“submarine ridge crests. The establishment of this fact has been 
one of the most important recent developments in oceano- 
. graphy and, indeed, in the earth sciences as a whole. Molten 
rock is injected at the centres of sea floor spreading at tem- 
_ peratures of around 1,200°C. The pre-existing crust is highly 
_ permeable because of faulting and of fissuring induced by 
: contraction. Cold ‘groundwater’ derived from the over- 
g ocean can thus circulate through the crust. and penetrates 
‘the zone of active intrusion along cracking fronts’. Here reac- 
tions take place between the seawater and the hot basalt at 
temperatures in excess of 300°C: The resulting solutions ascend 
to the sea floor where they emerge as hot springs. 





















; eological evidence 


roposed by Elder’ from analogy 
t al -associated with continental igneous 
At about the same time Bostrom and Peterson’ invoked 
t hot springs of undefined scale as the source of the 
d concentrations of iron and manganese which they had 
to be a characteristic feature of the sediments on the 
zone of the East Pacific Rise. Such a local source was 
i by their observations since abyssal sediments remote 
he. axes showed no such enrichments. As data were 
ed on the chemistry and mineralogy of basalts 
‘om the ridge crests it became clear that, in many 
! they had been pervasively altered by reaction with sea- 
: Yr 5 The partitioning of oxygen isotopes between coexisting 
: secondary minerals, the reaction products of this. alteration, 
. demonstrated that the temperatures of the interactions ranged 
: up to several hundred degrees centigrade’. 

Parallel investigations in ophiolites, slabs of oceanic crust 
“tectonically emplaced onto the continents, gave similar results 
and established that seawater must penetrate over 5 km into 
the intrusion zone at the ridge crests’. Metalliferous sediments 
were found to be generally associated with the uppermost pillow 
lavas in the ophiolite sections and to be of hydrothermal 
origin®’. Ore deposits composed of massive accumulations of 
-pyrite (FeS,) inthe same terrains were shown to require very 
‘targe volumes of high temperature solutions for their transport 
and emplacement? 

Results from the Deep Sea Drilling Project demonstrated 
that metalliferous sediments are the usual basal deposit in the 
contemporary oceanic sediment column'’. The underlying 
basalts, where sampled, showed evidence of reaction with sea- 
“wate over a wide range of oe Detection of the 
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Quantitative estimates of the global scale of this seawater - 
convection began to emerge in the mid-1970s from comparison 
of the measured conductive heat loss from young oceanic crust © 
with that predicted from the thermal models of the plates t A. 
pronounced negative anomaly was observed everywhere”. The | 
total deficit for all the active ridges is estimated at between 2- 
and 8x10’ cal yr”! (ref. 16). Assuming that this heat was 
removed by convective flow at typical temperatures of 300 °C, 
as suggested by the '*O data‘, then a volume of water equiva ni 
to the whole ocean must circulate through the high temperature 
intrusion zone in the ridge axes (that is through the 300 °C 
isotherm) every 8-10 Myr. 

The chemical importance of this phenomenon was ued a 
in the earliest experimental work on seawater-basalt interac: 
tions at elevated temperatures and sea floor pressures’’. Drastic. 
changes were observed in the compositions of the solutions 
during the reactions. Magnesium and sulphate were rapidly 
depleted and potassium, calcium and silica enriched. Simpl ; 
calculations indicated that ridge crest hydrothermal activity- 
might be a major, hitherto unconsidered, component oft t 
chemical mass balance of the oceans. over geological time? 





Chemistry of ridge crest hot eptlngs 


Finding and sampling actual examples of ridge crest hot springs- 
proved to be complex. Although numerous indications of- 
hydrothermal activity had been detected in the water column” 
over the axial zone'*"”, it was not until 1977 that a comprehen- 
sive exploration programme at the Galapagos Spreading Centre. 
in 86° W in the eastern equatorial Pacific succeeded in locating © 
and collecting water from discrete vents”. This required use 
of high resolution bathymetric charts, an accurately navigated, 
large-field, survey camera and the research submersible Alvin. 
The hot springs at the Galapagos Spreading Centre were: 
found to occur in extensive fields*’ associated with diverse and - 
exotic fauna”. The exit temperatures were low, in the range 
6-20 °C above that of the ambient water column at the axial | 
depth (2.05 °C, 2,500 m). However, systematic investigation of | 
the chemistry of the solutions demonstrated that these low and 
variable temperatures were actually an artefact of large-scale, 
sub-surface mixing between a very high temperature com- 
ponent and ‘groundwater’ indistinguishable in properties from- 
the ambient seawater****. Individual chemical elements in sol- 
ution respond differently to this. process. The hydrothermal 
solutions were cool, contained variable amounts of HS 
(10-160 umol kg™’) and were mildly acidic?*, Elements which 
do not form insoluble phases in such conditions are unaffected 
by the mixing process. 
The experimental data’’ indicated the complete removal of = 
dissolved magnesium during high temperature seawater—basalt 
reactions. Assuming that the fluids sampled at Galapagos rep- 
resented a simple mixture between cold ‘groundwater’ and 
single hydrothermal endmember then the temperature 
latter could be estimated by extrapolating the observed nega 
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magnesium-temperature réiationship. in the samples to zero 
concentration: An steerage was obtained at ~350 °C (ref. 23). 


> gadmembe | de D. Elements which form insoluble 
cipit des and oxides—in the conditions observed 
‘the Galapagos solutions showed sharp depletions with 
increasing temperature, their concentration levels extrapolating 
to zero between 30 and 40°C (ref. 24). Not only were these 
lements—Cu, Ni, Cd, Se, U, Cr—being removed from the 
igh temperature component of the fluids but also from the 
dmixed groundwaters, It was not possible, therefore, to obtain 
any information on the concentrations of these potentially 
: ore-forming elements in the high temperature solution. 
: Despite such complexities some remarkable results were 
7 obtained from the Galapagos data: these supported far- 
` reaching conclusions as to the global significance of ridge crest 
hydrothermal activity. Most important are the fluxes involved. 
For *He the ratio to transported heat is 2.2x 107" mol cal”! 
(ref. 27). Integration of the water column *He anomaly, coupled 
with 4C-calibrated models for the oceanic overturn rate, results 
in a flux of *He into the ocean, necessary to maintain the 
anomaly, of 1,100 mol yr™ (ref. 28). This is in good agreement 
with the terrestrial budget which is dominated by a loss term 
due to gravitational escape to space. If it is assumed that all 
“the *He delivered to the oceans is from hot springs in the ratio 
to heat observed at Galapagos then the associated heat flux 
iH be: calculated, This re alae estimate agrees exactly 








n Fig. t Distribution of metalliferous surface sediments in the ocean as indicated by the ratio AI (Al+Fe +Mn). As ihe ada are spi z 
in aluminium relative to continental detritus their abundance is inversely proportional to the value of the ratio. Figure reproduced. fr Pe 
ref. 38. : “a 


for composition versus heat observed between individual vent fields” ; 
nuxes mi o Non-conservative to. sub-surface mixing; = mp seawater concentration a 
cases comparable w with or greater than those oatnnaied for fluvial | | 


ngan 

contributor of ete barium and silica. S 
problems in the construction of ocean 
resolved by inclusion of the hydr othermal T 
ive elements cannot pët e as the ; 

global distribution of exit t mperaturé sth average extent of 
sub-surface mixing—is, of course, unknown a 
The validity of the deductions based : on the Galapagos data 
was confirmed by the discovery, 2 years. Jater, of hydrothermal 
fields on the crest of the East Pacific Rise in 21°N, south of 
the mouth of the Gulf of California”; Here, in depths of 
2,500 m, solutions at temperatures of 350 °C were observed | 
issuing from the sea floor. They had associated with them 
constructional features, chimneys up to 10 m high, composed $ 








Table 1. Comparison of the estimated composition of a 350°C hydro- 
thermal endmember based on extrapolation of the Galapagos data with 
that observed at 21° N 


Galapagos 


21°N Seawater 
Li {pmol kg™ ) 1,142-689 820 28.00 ee 
K © (mmol kg 18.8 25.0 LQ 
Rb (pmol kg™ 5 20,3-13.4 26.0 LIe 
Mg (mmol kg > 0 0 SLT 
Ca (mmol kg” D) 40.2-24.6 21.5 ~ 10.3 
Sr (umol kg™’) 87 90... 87 
Ba (umolkg” 3 42.6-17.2 95-35 0.145 
Mn {umotkg J 1,140-360 610 0.002 
Fe (pmolkg D + 1800 — 
Si (mmolkg”) _ -21.9 21S: 2 0.160 7 
SO; (mmol kg” *) ge OP. 8g Se ee oe 28.6 
HS (mmol kg 1 eaaa a ee 6.5 0 





The ranges in the Galapagos results dérivé fom the different trends 





not. socutately ži known. 
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tio wns of t the Concersal ve species are 


lapagos ex | xtrap lations (Table 1). The *He/heat 
al to t | l Japagos™”. The validity of the 


These undiluted ‘solutions. ‘also preserve the signatures of 
a le ments precipitated during Galapagos-type sub-surface mix- 
ng. The iron concentration. is 1.8 mmol kg™, the sulphide 
6; mmol kg’. The Fe/Mn tatio is close to 3, coincidentally 
dentical to the average in ridge crest metalliferous sediments” 
‘his low value, as compared with that i in basalt (50-60), indi- 


tes the importance. of iron oxidation in the reduction of 


awater sulphate in the reaction zone. There is also a possible 
olubility control by pyrrhotite (FeS) although existing thermo- 

namic data are inadequate to be certain of this™. 
The isotopic data as well as confirming the “He/heat ratio”®, 
_ show that the substantial enrichment of CO; in the solutions 
~ is of mantle origin (6'°C = —6%). The ‘*O in the existing fluids”, 
~+1.6%. reflects basalt equilibrium, confirming the previous 
results for dredged rocks and ophiolites. The isotopic composi- 
tion of the dissolved strontium (ref. 35 and R.E.McD. and 
J.M.E., unpublished data) is essentially the same as in the 
basalts, 0.703. It has been realized for some time***’ that a 
-large flux of non-radiogenic strontium is required to ie 
the river input (>0.712) and maintain the oceanic value at 
: Tanin ‘The S Bae is sufficient to close this balance, 


i i aF liydrothermil effluent 
at 21° N are ore-transporting solutions such as 
le for the. massive sulphide deposits found in 
nd greenstone belts'°. However, the abundance of 
° N is apparently insufficient to produce more than 
sumulations””*". In addition their position i in the local 


general mid- r circulation, aid on. pera in e tipi 
column precipitate out regionally contributing to” the: metal 
liferous sediments characteristic of the East Pacific Rise. During 
their chemical evolution in the plumes, the water column nd 
sediments these Fe-Mn oxides must interact extensively 1 


_other elements in solution. producing the diverse compositional l 


and isotopic signatures observed”. 

While the chemistry involved in this evolution is not ider: 
stood beyond the descriptive level, a significant body of infor- 
mation does exist on the distribution of these hydrothermal 
sediments in the Pacific, The original maps of Bostrom et al.** 
showed a pronounced asymmetry in the index Al/(Al+Fe+. 
Mn) about the axis of the East Pacific Rise (Fig. 1). The 


magnitude of this ratio is inversely proportional to the abund- 


ance of the hydrothermal component which is, like the hot 


_ spring solutions and the water column, depleted in aluminium 


More detailed work by Dymond® on the surface sediments of 


- the south-east. Pacific (Nazca Plate) confirms the southeastern: 
< lobé in Bostrom’s distribution, centred on 30° S (Fig. 2). Recent 
a work in the Tiki Basin®’, between the East Pacific Rise and the 
Marquesas, establishes the extent and nature of the western 
limb along 15° S. In both instances hydrothermal preci 
are being transported for thousands of kilometres before ev 
_ wal deposition. Moreover the direction of transport is stro: 
dependent on latitude. The western lobe is exactly coin 


with the “He plume recently identified by Lupton and Craii 
(Fig. 3). This remarkable feature appears to originate as al 
intense “Het maximum over ‘the pes axis at 15 S and | prapa = 
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Fig. 3 5°He section along ~15°S in the south-east: Pacific? ri 
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o> Fig. 4 Steric height at 2,000-3, 500 db in dynamic metres 
o Ams? or 10 J kg`™ for the Pacific*”. Shaded area is <3,500 m 
a water depth. 





: These vials developed asymmetries require a proneuaeed 
latitudinal zonality in the mid-depth circulation in the South 
~ Pacific, {contrary to the predictions of the classical geostrophic 
models** . That this indeed exists has been dramatically demon- 
strated recently by Reid’? who. mapped the distributions of 
/, oxygen and the major nutrients on an isopycnal surface 
is coincident with the ridge crest at mid-latitudes in the 
>. He has also mapped the steric height at 2,000 db relative 
b (Fig. 4). Interpreting this measure of the relative 
phic shear i in terms of the mean flow directions (away 
the western boundary) results in a circulation scheme 
consistent with the associated distributions of salinity and the 
non-conservative species*’. Moreover comparison of the figures 
presented here shows the coincidence of the flow field with the 
distribution of metalliferous sediments and of *He to be exact. 
The shear field in the South Pacific contains an anti-cyclonic 
gyre near 35-40° S, An eastwards flow leaves this gyre along 
S in the east. There is a pronounced westwards flow along 
Sandan eastwards flow in the equatorial region. Flow over 
the basins east of the East Pacific Rise is generally southwards. 
This pattern is mirrored in the North Pacific (Fig. 4). 
-Of particular importance here is the circulation pattern in 
the region of the axis of the East Pacific Rise. Between about 
~ 3° and 15°S the flow is towards the south-southwest parallel 
to the rise crest. At 15-20°S the flow lines turn abruptly 
_ westwards and continue in that direction. across the ocean. By 
~ 25°§ the flow directions are reversed, passing east-southeast 
directly normal to the axis. In the extreme south-east Pacific, 
_. south of about 35° S the flow is to the north-east along the crest. 
-< The exact concordance of the independently derived distribu- 
tions of hydrothermal sediment and *He with the inferred flow 
sa remarkable demonstration of the importance of the mid- 
depth circulation in the dispersal of the hot spring effluents 
injected all along the East Pacific Rise. There are several 
‘consequences to this. First, and most obvious, the “He ‘plume’ 
along 15°S is but one section through a complex three- 
mensional feature. The major axial anomaly results from the 
accumulation of *He injected along a flow-line almost 1,000 km 
n extent—the polewards flowing water above the ridge axis 
tween 5° and 15°S. The plume is the expression of the 
atic is anomaly along the westwards flow trajectory. 
eastwards. ‘leakage’ of *He is as expected. 











o separate- the flow-integrating capone in the *He 


i above known hydrothermal vents*?. 
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nce ‘the extent of hydrothermal activity under the crestal í 
on on the ction (112° W) is not yet known it is not possible 
















es 0 eve n greater magni- 
were navigated to be immediately 
‘However, the- broad 
maximum in 6°He (35-45%) must be a regional rather than a ,. 
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: local feature. Thus the spectacular section along 15° S does not 
require, of necessity, particularly vigorous hot spring activity 


on the axial zone beneath it. It. does require that there be 
substantial injection of *He along the 5-1 5°S segment of the 
East Pacific Rise. 

It should be possible to separate iocal from regional influences 
on the axial He anomaly using parallel measurements. of 
manganese’. As this element is rapidly removed by oxidation 
and sedimentation the regional Mn/*He anomaly ratio should 
be lower than any local one. The resolution of this approach 
requires much. more. data for its estimation as. the rates of 
manganese removal are only crudely known’? 

Given the axial alignment of the flow between 5° ind 15s 
one might expect to see, in this segment, a progressive south- 4 
wards increase in the abundance of metalliferous sediments | 
accumulating as drift deposits. The data of Dymond* indicate 
this effect. While the spreading rate, a measure ‘of the primary 
hydrothermal source function, increases from ~15 to` 
17.5 cm yr™* (ref. 44) between 5° and 15°S the percentage of 
hydrothermal sediments goes up by over 30% (Fig. 2). and the 
measured accumulation rates from 100 to >3001 mgecm™* kyr! 
(ref. 31). While the latter data are sparse and the: former biased 
by independent, systematic, latitudinal changes in the abun- 
dance of the other sedimentary components the tre: 
sufficiently Suggestive and consistent to. warrant mor p de ile 
study. | | ORS ig 
The systematics observed in the South. Pacific have great . 












_ potential importance in the validation of the estimates of the : 
fluxes of hydrothermal effluents. The problem: has two aspects; . 


the generality of the computations for conservative species — 


based on Galapagos and 21° N; the estimation of the general — 


importance of sub-surface mixing—the average exit tem- — 
o aaa the non-conservative i ee : conta 







In the water column the concentration of a conservative — 
species, Ca, is the sum of the background concentration, Cor l 
and an injected concentration, Cg 


or C+: oe | ike 


The injected concentration is proportional to the injected *He:. 
C=Rx*Hey > (2). 


where R = dC/d*He for the discharging fluids. In terms of the. 
350 °C endmember: wee 
Caso Ca 


R=: ( yo , 
*Hesso— “Hes (3) ni n 
Combining equations: 
Ca— Ce Cg -(92- 1) Hea ~*He, a 
ia Ca © /*Hesso~* Hea | 
Recognizing that Hess» °Hea and- -that A He = 
(He, /"Hea)~ 1: a o a; 
Ca ~ Ca- G (ee ): : AHe = m ee 
Ca ` Ca \ Ca *Heaso/* Hep 


When C350 is known then the conservative value for C/C, can - . 





be specified as a function of the ‘He anomaly: conversely when i 
Ca and Cy are known at a give \’He Men a Caso can Bee 
calculated. | es a a 





ignatu re and in allowii 
atio. For "He, oe is. 


re i Snservative in ‘the stb -suiface mixing regime will have 
_ exit concentrations which may be non-linear functions of tem- 
_ perature, depending on the details of the thermodynamic and 
kinetic responses of the „precipitating phases to changing tem- 
perature; pH and so on™’. This can be established empirically 
by sampling hot springs over the range of exit temperatures. It 
will be possible to do this at 21° N where individual hot spring 
occurrences have been observed spanning the range: 20-350 °C. 
‘Non-conservative processes in the water column can be 
examined by sampling along flow lines, for example along 15° S. 
_In principle therefore, the average. fluxes from the ridge crest 
_ean be determined from work in the water column. However, 
a considerable amount of analytical development will be 


` Res: es 2739 4981). 
Min. Metal. Trans. $1, 34 (19723. 
Soe, Lond. 137, 403 ( 1980)... 

eol. e s3 (1973), 


iof, 2 Dickson, E. vw E Eeri an ‘Sci Let, 25, 385 51978). 
ig, H. Nature 267, 603 (1977). 


“orliss, J: B.: et. tal Science aes 1073 0979). 
Crane, K. & Ballard, R. D. J. geophys. Res. 84, 6011 (1979). 
mnasch, H.W. & Wirsen, C. O. ‘Bioscience 29, $92 (1979). . 
Edmond, eral Earth planet, Sci. Lett, 46,1 (1979), 
dimond, IM. e al. Barth planet. Sei. Lett. 46,19 (1979). 


27. poe 3s Edmond, i, M. ae 


tion at mid piers This effect alow integrated measures 0 
effluent composition to be established from. comparison of t 


water column anomaly ratios to He at locations remote from 


the ridge axis. The sedimentary record of accumulation: of. 
precipitates of hydrothermal origin. will therefore provide a 
history of variations in the circulation itself. This may be of 
some importance in palacoclimatic studies. The internal con- 
sistency of the water column and sedimentary distributions of 
ridge crest effluents and the flow field validates the latter in a 
striking way. Maps of dynamic height for suitable depth ranges . 
are therefore a valuable predictive tool in the planning of 
disposal of toxic or radioactive waste in the deep sea and in- 
the exploration for and exploitation of mineral deposits of | 
hydrothermal origin. For hot-spring organisms that have motile, 
benthic larvae it is likely that their dispersal is also controlled 
by the circulation field. The intriguing possibility. therefore 
exists of a regional biogeography reflecting the latitudinal vari- 
ations in the flow directions. ! 
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otion of the Local pees of galaxies 
and isotropy of the Universe 
L. Hart’ & R. D. Davies 


University of Manchester, Nuffield Radio Astronomy Laboratories, Jodrell Bank, Macclesfieid, Cheshire SK11 9DL, UK 


Hi i observations of 84 nearby Sbc spiral galaxies lying in the redshift range 1,000-5,500 kms 


m 


! have been used to 


_ determine the motion of the Sun and the Local Group of galaxies relative to the backdrop of galaxies extending out to 


_70 Mpc. This study yields a Local Group velocity of 436255 kms 


" towards |= 264° +18°, b=45° + 12°, in close 


igreement with the value inferred from the dipole anisotropy of the 3 K cosmic microwave background. The agreement 


w hat most of the dipole anisotropy is locally (extrinsically) induced and is not an intrinsic property of the Universe : 
een implied. The component of the Local Group motion in the direction of the Virgo cluster is 410255 kms °, 


+f 


o that derived recently by independent methods. This implies that the local value of the ey of. 


S0. of that required to close the Universe. 


i Instituto Argentino de Radioastronomia 1894 Villa Elisa (Prov. de Bs. As), Argentina. 
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sof j iroup of galaxies, t he p nee of the 
| Local Group becomes 550 km'$™* towards galactic coordinates 
b= 265°, b = 35° (supergalactic coordinates L=128°, B= 
36°), However, with the available observational data it is by 
no means certain that the dipole asymmetry in the cosmic 
microwave background is locally (that is, extrinsically) induced 
_.. by the motion of the Sun and the Local Group. Dipole and 
higher order intrinsic asymmetries on the cosmic background 
have been proposed to explain the microwave observations. 
For example, Silk and Wilson“ predict asymmetries arising from 
large-scale fluctuations in matter and radiation in the early 

_... Universe while Peebles’ estimates that gravitational potential 
-fluctuations induced by large-scale clustering could produce the 
observed large-scale asymmetries. 

The suggestion that the microwave dipole asymmetry is 

largely intrinsic arises from the lack of agreement between the 
~ Local Group velocity inferred from the microwave measure- 
. ments and that obtained from measurements of the motion of 
the Local Group relative to the backdrop of nearby galaxies. 
‘he most widely. quoted and systematic search for this motion 
yas been made by Rubin et al.’ who found a motion for the 
socal Group of 450 kms”! towards / = 163°, b = —11°, a direc- 
tion almost orthogonal to that given by the cosmic microwave 
asymmetry. 
-A genuine difference between the Sapani motion of the 
Local Group relative to the microwave background and that 
¿relative to the backdrop of nearby galaxies has fundamental 
; implications for cosmology. ‘One possible consequence already 
lluded to is that the microwave. background dipole asymmetry 
; may be due to an intrinsic anisotropy***. Alternatively, if the 
“microwave background i is intrinsically isotropic and the dipole 
asymmetry is the result of the Local Group motion, then the 
implication is that the whole body of galaxies out to a radius 
-of 90 Mpc is in systematic motion relative to the microwave 
background with a velocity of 750 km s”!. Such large departures 
from a uniform Hubble flow are not, however, generally accep- 
ted’, The situation regarding a possible genuine difference 
between the Local Group motion determined by these two 
“methods has not yet been resolved ®™", particularly as different 
optical solutions for the Local Group motion have been pub- 
ished elsewhere'?~'* 

We present here a new approach to deriving the Local Group 
notion relative to the backdrop of galaxies based on 21-cm 
wavelength H 1 observations alone, which obviates many of the 
difficulties in the optical determinations. Two independent H1 
-data sets each give a Local Group motion in close agreement 


- microwave background. The implications of these results for 
- cosmology are discussed. 


Rationale and observational material 


The rationale behind our approach to measuring the Local 
Group. motion was to. use for distance measurement an HI 
standard candle independent of the optical methods which gave 
results disagreeing among themselves. The H1I.mass. (propor- 
tional to the integrated H 1 flux density Fu) provides a standard 
-candle and the half power velocity width A V,,, of the integrated 
H 1 spectrum. provides a third variable which indicates whether 
> galaxy is a giant or a dwarf. The H1 integral is easily 
1easured and calibrated in an’ all-sky survey and does not 
reat? the substan al enttentions for galactic apc inter- 















a ony sélection: criteria will be given ehe 
oe However, ‘we mention here that the dispersion in the 







Woerde from a n of gets southern ene by H. Y 


with that inferred from the dipole anisotropy in the 3K cosmic 


Hir mass of the sample of galaxies used in the. present work i is | 





PARA 


a infltienced by t the selene as a ial of the ie 
cluster, Accordingly galaxies were chosen with velocities in the. 
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range 1,000-5,500 km s~'; the small fraction of these galaxies _ 


likely to be. most affected by the Virgo cluster were then 
eliminated from the list. A good sky covérage was achieved for 
galaxies in each velocity interval: 


The galaxies used in this investigation were chose irom the 


list of 100 spiral galaxies of type Sbe (de Vaucouleurs type 


T =4) being studied in the A21-cm line of neutral hydrogen 
at Jodrell Bank in a programme including optical, radio con- 
tinuum and X-ray observations, These are essentially all the 
Sbc galaxies in the Second Reference Catalogue of galaxies’ 
(RC2) for which luminosity classes have been assigned and for 


which the velocity, V., corrected for a solar motion of. 


300 km s7' towards / = 90°, b = 0° is > 1,000 kms. Most were 


of luminosity classes 1 to 4. H1 observations have been made 


by Davies and Johnson (manuscript in preparation) of the | 
integrated HI flux Fy, the full velocity width at. half-power | 
AV, /2 of the integrated. profile. and the systemic velocity V. of- 


each galaxy. To obtain a full coverage of the sky, the list was 


augmented by 12 galaxies at declinations south of dec. = — 33° | 
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Fig. 1 The ilodi distribution of: ‘galaxies used in the. analysis 
of the Local Group motion. Velocities have. been corrected by 
the standard solar motion towards the Local Group of 300 kms”! 
towards /=90°, 5 = 0°. Velocities < 1, 000 kms” * have not been 
used. a, Sbe (T = 4) galaxies from the Jodrell Bank sample supple- 
mented by southern galaxies observed at ANRAO. b, Sc (T = 5) 
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by galaxies from the Rubin etal, sample. supplemented by southern: a 








= only. galaxies» with velocities - a <3,000 kms“ are used. 


oy of the Sun 
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+0.7 © +12 


12.3 - 30 
or 1, but excluc AS : * aed 
V 'irgo-centric velocities) e 
3) Hi fluxes: Sc galaxies o o7 
 (4,000< Vv. <5,000 kms") 
- (4) Optical luminosity: Sbe : 
oo galaxies: ~ 
z (5) Microwave backerauid? 
GSE e ao 
F © Microwave. background? ne | 


Local Giese of galaxies is taken to be. , 300 kms” 
per manai S to be 2.7 K: velocities are reduced d by. ~ 40 km s~ 


sted 1 6 determine, fiom. a series. be expressions al this 
rm, the vector Vo giving the velocity of the Local Group 
‘relative to the backdrop of Sbc galaxies. An estimate of the 
~ true distance of each galaxy, and hence Vm is provided by its 
measured (apparent) H I flux density Fy, where Fy=My/D’, 
< My is the H1 mass and _D is the distance. 
Our first analysis follows the approach of Rubin et al., where 
we express the difference in redshift distance and luminosity 
> distance in terms of an H1 Hubble modulus, HM, analogous 
| to their optical HM in which 


HM = 2 log v= a log A Vo + log Fu (1) 
i ist the index of the calibration relation M ià A ve, Then 


i oy Vir V pec 


o loga Volos Fi) _ Vee o 


the av erage value ar mele that T 


l cm (km s` De: 
73 383 
+12 +50 


83. 436 
+I £55). 


53 580. 
+62 ° 
397. 
+90: 
653 
+33 
567 
+60 > 
S46 

: £70 


“owas tag, 62 ay 
‘for 3 om, 


V pec 18. räidomly distributed s so that its Pe value ; 


= to obtain a set of linear equations of the form 


AVe: = LX +m; YonZ E 


iy V= E log A Volop Fay) 


which relates AVe; to p quantities where X, Y a 
are the components of the Local Group motion. and h, m 


n; are the direction cosines of the ith galaxy. A least-squa 
solution of this. over-determined set of equations, gives: a 


mate of the vector Vo a 


A second: and. more Tigo e e statistical alae PEE 


this as a well-defined nor 


take the relation | between A My — 


a mean ‘value of de zero. The annd oh to be minimized in deter 


ing the Local Group. motion iX; Y, Z) is 


E View = D1 Ver = (Va; hX + m: Y+n Z)? P 
=F [Va -e AVF X +m Y +n Z Ha (6) 


The minimization is performed with respect to a, CL X; Y and 
Z. The solutions obtained by this more rigorous method agree- 
well with those using the first method thereby indicating that 
the details of the analysis procedures are not too important for . 
this set of data. S 
The main analysis described here is based on 84 Sbe galaxies 
with an inclination j>30° (i=0° for face-on galaxies) and 
V.> 1,000 km s`". Figure ta gives the velocity spread of the- 
galaxies used in this analysis; the median. velocity. 
1,800 km s` '*. For galaxies more face-on than į = 30° the incli 
tion, and hence AVi; cosec i, becomes: more ‘uncertail J 
making solutions for the Local. Group motion with diffe 
cutoff values of i, we find that they are not strongly. dep nd 


= on n the cutoff value. - 


2 rane found a tor me Local 1 egip pami 
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: Fig. 2 The correlation between the neutral hydrogen mass My 
of Sbc (T=4) galaxies and their profile widths AV; p2 cosec i. 
< AV, 2 is the width at half-power and i is the inclination of the 
> galaxy. My is the ‘neutral hydrogen luminosity indicator used in 
_ the solution for the Local Group motion. Ma = Fau D? where Fy, 
` is the integrated flux density and D is the distance in Mpc. 


to a solar velocity of 314+50kms"' towards RA= 
12.9h+0.7h, dec. = 10°+ 12° (galactic coordinates / = 309° + 
35°, b= 73°+ 12°), The standard motion of the Sun relative to 
the Local Group of galaxies of 300 kms™ towards /= 90°, 
6 =0° is used throughout. 
... Figure 2 shows the correlation between the neutral nyarowen 
; luminosity of each galaxy, expressed as the total mass of neutral 
“hydrogen, My = Fy: D’, plotted as a function of the observed 
_ profile width, A Vo, corrected for inclination. This correlation 
was obtained from the fitting procedures described above and 
-yields a value of a = -1.85+0.25. Essentially each galaxy in Fig. 
2 is placed at its ‘true’ redshift distance D based on the observed 
edshift and the derived value of the solar motion. 
“An indication of the validity of the analytical solution for the 
„ocal Group motion obtained here can be obtained by simply 
plotting as a function of supergalactic longitude L the difference 
between the observed redshift and the luminosity distance 
“expressed as a redshift. Because the Local Group motion is in 
-a direction close to the supergalactic plane this plot should 
~~ show sinusoidal variation of velocity difference with longitude. 
~ The amplitude plotted in Fig. 3 is 436 km s~ directed towards 
oe ES 119°. The plotincludes only the galaxies with 1,000 < V.< 
3,200 kms and supergalactic latitude |B] < 50°. The full sol- 
-ution in Table 1, of course, includes. all the. galaxies in the 
_ sample with V.> 1,000 kms‘ and covers the whole sky. 
etis relevant at this stage to comment on the possible effects 
on the solutions for the Local Group motion of Malmquist 
-bias*’° in which the more distant galaxies in a magnitude limited 
: sample tend to have higher intrinsic luminosity (or H 1 mass in 
our case). A plot of Ma against redshift shows only a weak 
Malmquist bias, largely because the galaxies i in ‘both the Sbc 
ad Sesam stricted lun inosity c 

















-These imporlant i matters will be discussed in more detail 
-elsewhere. 
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The Virgo cluster of galaxies. probably had a significant » 
influence on the motion of the galaxies lying in the neighbour- — 
hood of the cluster; indeed we shall argue below that the Virgo 
cluster is responsible for the major part of the Local Group 
motion. Two solutions have been made using different criteria 
for excluding galaxies influenced by the Virgo cluster. In the 
first, members of the Virgo. cluster are excluded; the Local 
Group is found to move at 434 kms’ towards / = 262°, b = 52°. 
In the second, those galaxies with a line of sight component of 
Virgo-centric infall velocity greater than our own are elimi- 
nated; the Local Group is then found to move at 436 kms” 
towards /= 264°, b=45°. We consider this to be our best 
estimate of the Local Group motion based on the H I observa- 
tions of Sbe galaxies. 

A value for the Local Group motion has also been derived - 
from the optical data for the Sbc galaxies using an approach 
of minimum sophistication. The blue luminosities in RC2 were | 
used as standard candles using the velocity. width A V, as a third 
variable as for the H 1 analysis. This solution has! lower precision : 
than ‘that obtained from the HI data; the sc i 
90 km s™' towards / = 216° + 20°, b= ae #15°, a value similar 2 
to the HI result. | 2 

A completely independent data set is available for an analysis "ie 
identical to that performed on our Sbe HI data. Rubin. 
give HI parameters and plot HI spectra for a su sta 
fraction of their list of Sc galaxies. We have used all - 
galaxies with 1,000<V.<5,000kms”' and supplemented — 
them with southern Sc galaxies from van Woerden et al. (in . 
preparation) to provide a full sky coverage. Figure 1b shows © 
the velocity distribution of this set of galaxies. The 53 Sc galaxies . 
in this combined data set give a solution for the Local Group = 
motion of 580 km s™ towards / = 245°, b = 35°. This motion is - 
consistent with the result obtained for the Sbe galaxies. l 

The results obtained from the present. study are. compared ` 
in Table 1 and Fig. 4 with the motion of the Sun and the Local 
Group relative to the microwave background derived on the = 
assumption that the dipole anisotropy is entirely the resu | 
solar motion. For a microwave background. temperature 
2.7K (ref. 17), the mean of the recent dipole determinat oe 
by Boughn et al.’ and by Gorenstein and Smoot’ implies a solar — 
motion of 410+45kms™ towards RA=11.4h+0.3h and — 
dec. = 3°+ 15° (I= 259°, b =58°). The corresponding motion 
of the Local Group is 620+ 50 kms™’ towards | =265°+9°, 

b =35°+7° (L= 128°, B = —36°). If the microwave background 
temperature is 3.0 K (ref. 18) instead of 2.7 K the solar velocity 
is reduced to 370 kms‘ towards / = 259°, b = 58° and the Local 
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Table 2 Component of the motion of the Local Group towards the 
Virgo cluster* 





Velocity 
Method (km s~') Ref. 
(1) Hi measurements of nearby Sbc 410455 : 
and Sc galaxies with 1,000 < V.< This: 
5,000 kms™ paper: 
(2) 2.7 K cosmic microwave 450+ 507 1,2 
background, dipole anisotropy Se ee 
(3) Four nearby clusters in IR with 480+75- 23 
o F isher-Tully correction > X 
(4) E galaxies in and around. the Virgo: 4107 S 24 E 


cluster 





| = | 4s +40 










120 IKO 
Supergalactic longitude 


Fig. 3. The velocity residual between the luminosity distance of 
ngbe (T= 4) galaxies estimated as a redshift and the observed 
=- -redshift plotted as a function of supergalactic longitude, L. Only 
= galaxies with 1,000< V.<3,500 kms and within 50° of the 
galactic plane are included. The velocity residual shows a 
variation with 1 which is a consequence of the Local 
Ti owards E~120°. The sinewave plotted is that 
a velocity of 436.kms”' towards L = 119°, the sol- 
£ n full analysis of all the Sbc galaxies; it is not a 
fit to ) plotted points alone—see text. 




























Group velocity reduces to 580 km s™' towards / = 266°, b = 32°. 
The magnitude and direction of the solar motion determined 


-microwave dipole values to within two standard deviations 
) of the combined errors. 
ie present results emphasize the disagreement between the 
-et-al. optical result*’ and that obtained from the micro- 
ackground measurements. The agreement found here 
the determination based on H 1 data for the Rubin er 
es and the other results in Table 1 confirms that the 
| data base or the reduction procedures of Rubin et al. 
n error''!*, Note that de Vaucouleurs and colleagues? ™ 
find a solution for the solar motion calculated relative to the 
backdrop of spiral galaxies which i is similar to our optical result. 
2 owever, their solution is displaced by 4 s.d. from the statisti- 
-cally more accurate H1 solutions which we believe are rep- 
sentative of the backdrop. of galaxies since the H 1 sample is 
ively free of contamination by galaxies whose velocities 
be strongly affected ‘by the Virgo cluster. The de 
ucouleurs galaxy. samples on the other hand include ~ 30% 
eliocentric velocities <1 ,000 kms™ and a substantial 
ber ZS ~ 10%) of Virgo cluster members. 








A Consequences of Local Group motion 


“The close agreement between the velocity of the Local Group 
calculated relative to the backdrop of nearby galaxies and that 
derived from the 3K cosmic microwave background dipole 
anisotropy argues strongly that the anisotropy is produced by 
the Local Group motion. This agreement is all the more 
significant as the velocity is directed to within 35° of the Virgo 
cluster (/ = 280°, b = 75°, L = 102°, B = —3°) which is likely to 
have a major influence on the motion of the Local Group. The 
mean value of the motion derived from the two recent and 
1 dependent microwave background results and from the two 
esults is 546 £70 kms”! towards /= 261°+9°, b = 39° + 7° 
+9°, B = —35°+ 7°), We consider that this is the best 
the Local Group motion available. 












stimate of this intrinsic anisotropy can be 


he 3K. microwave: background, T. 
a 130£70 kms s 
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‘towards the Virgo cluster. provides a means” 


from. the H1 observations of Sbe and Sc galaxies agree with 


ssible that a fraction of the 3K dipole anisotropy | 


3) the velocity difference between the Local Group a oe 
ated relative to the backdrop of. galaxies and ee T — 





and the backdrop of nies implies: uch fower a e 
long-range galaxy correlations than suggested by Clutton-Brock 
and Peebles”. Further, our results raise some doubt about i 
whether the tentative detections of. some: quadrupole com- 
ponents in the microwave background can be- interpreted in 
terms of the- anisotropic models of Silk and Wilsont or of 
Peebles*. Silk and Wilson predict. quadrupole components — 
which are 3X 10°" to 107° of the dipole component depending — 
on the index of the power-law fluctuation. spectrum; Peebles 

predicts a ratio of 3x 107". Our limit on the intrinsic dipole 
anisotropy: apparently i indicates that s some reported quadrupole’ 
components are compat with or greater than the intrinsic 
dipole component in í raare ment with the above. Predictions 




















































Component of velocit : ity towards 

the Virgo cluster i, ae | 

An evaluation of the component. of the Local Gron m 1 
-of 

the density of the Universe. Several estimates of this Virgo- 

centric motion are. already available; these will be compared i 


and combined with the present determination of the Virgo- 
centric motion. 








Fig. 4 Various solutions for the motion of the Local Group of 
galaxies plotted as vectors in galactic coordinates. Each solution 
is shown as a velocity with: the appropriate. length: and with an — 
_ error in angle described: ‘by a small circle on the surface of the - 
: celestial sphere. The vectors: ‘are coded. as. ‘follows; S4, the Sbe 
(T= a H t data. of the Po study; $5, we Se oe 5) Hı of 
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1e: range 4, 000-6, 000. kms s Ronny and. Davis” ' determined 
-around the Virgo cluster. There is remarkably good agreement 
-between these four high accuracy results. 

_- Other estimates of the Virgo-centric motion’ are avail- 
OE able: with lower quoted accuracy. Some of these refer to nearby 
- galaxy samples which may themselves be influenced by the 
_ gravitational potential of the Virgo cluster. We consider that 
_ these results are not in serious agreement with the adopted 

-Virgo-centric infall velocity of 447 +50 kms‘. 

Finally, we comment on the component of Local Group 
„motion which is orthogonal to the direction of the Virgo cluster. 
~The best estimate of the motion of the Local Group of 
546 kms"! towards /=261°+9°, b = 39°+7° (Table 1) is in a 
. direction lying outside the errors of measurement of direction 
given by Sandage and Tammann” for the centre of luminosity 
of the Virgo cluster at / = 280°, b = 75°. Assuming that this is 
also the mass centre of the Virgo cluster, the difference in 
direction may be. interpreted as the result of a component of 
motion in a direction orthogonal to the line of sight to the Virgo 
uster. This motion is 320+70kms™° towards /~254°, b ~ 
14°. Taken at its face value this motion is a 4.5 s.d. result 
r a Hubble flow departure in a velocity of 2,500 km s~’, the 
ean of the Sbc and Sc galaxies. Such a motion provides a 
deviation. AHo/ H, in the Hubble flow of 320/. 2, 500 = 0.13 and 
is not at variance with the known departures?” from the mean 
Hubble flow. However, the major component (300 km s`?) of 
this orthogonal motion is directed towards the supergalactic 
plane and may be the result of collapse onto the flattened Virgo 
supercluster mass distribution’®. The resultant motion in the 
Supergalactic plane perpendicular to the Virgo direction would 
be 100 kms” ' leading to AHo/ Ho = 0.04 for the random motion 
of the Local Group. 











_Virgo-centric motion and estimates 

of Q and qo 

“he evidence from the dipole anisotropy in the microwave 
’ kground and then motion of the Sun relative to the backdrop 


alli ng towards the centre of the Virgo Caster ata velocity of 
447 + 40 kms”'. Such a departure from the Hubble flow of the 
‘Universe can be used to derive a local value for the deceleration 
"parameter qo and for the ratio, Q (=2qs for Friedmann cos- 
~mologies), of the local density to the closure density of the 
Universe ‘?-??**7°°°. The calculation of do and Q requires an 
estimate of the density enhancement 6 in the Virgo cluster 
= relative to that in the smoothed-out Universe. Yahil et al, 
find 6 = 3.5+0.4 while Davis et al.*' find a value of 2.0+0.3 
from a different sample of galaxies. A detailed treatment?’ 
of the peculiar velocity v, produced by a spherically symmetric 
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the Virgo-centric velocity fiom. a study of E galaxies in and 


factors. When applied to the determination of the motion o 








where bye Is the Virgo cluster: velocity relative tothe Local 
Group and is taken as 1,060 kms `. This yields a value of y 
Q = 0.10-0.26 for v,=447 kms”! and 6 in the range 2-3. 5, 
Using the results of a more exact. non-linear calculation” we 
find Q = 0.1820.04 to 0.39+0.11 for this range of 6. Clearly 
the high value of the peculiar Virgo- centric velocity found in 
the present results and in the microwave background results 
implies a value of local density approaching the closure density, 
with Q = 2qo = 0.15~-0.50 where the higher values correspond 
to the lower value of density enhancement (6 = 2) in the Virgo 
cluster. Although this high value of 0 has been found for the 
local region of the Universe, essentially the local supercluster, 
there is no reason to believe that it is in any way different from 
the Universe at large. The infall velocity from which it is derived 
is the result of an acceleration acting over the age of the 
Universe. z 


Conclusion 


The present observations demonstrate the use-of a method of 
obtaining the statistical distances of. spiral galaxies using HI 
data alone, namely H 1 fluxes and profile velocity widths. This 
method seems to be comparable i in accuracy with related optical M 
methods and has the advantage of requiring ‘fewer correction 








the Local Group of galaxies relative to the backdrop of nearby 
Sbe galaxies the method gives a velocity of 436+ 55 
towards /=264°+18°, b =45°+ 12°, in agreement with th rh 
velocity implied by the dipole anisotropy in the 3 K cosmic 
microwave background. 
The agreement between the motion of the Local Group ` 
determined relative to the nearby galaxies and that inferred 
from the microwave background is of fundamental significance. | 
It implies that the major part at least of the dipole anisotropy _ 
is extrinsic, due to the Local Group motion, and is not intrinsic T 
as hoe bie in some P verte a maximum in trinsic dij k 













aned ARE anisotropy” a 15 | be ne r 
the brates envisaged by Silk and Wilson’ and by a 





now well-determined from ee, independent methodi. The? 
inferred local values of qo. and N depend on the assumed model © : 
of the mass density distribution in the Virgo cluster. In any 
case, high values of 0 (0.15~-0.50) are implied: by the observed 
Virgo-centric velocity. Such values, if applicable to the Universe 

as a whole, will produce a significant deceleration: of the 
expansion of the Universe. 

We thank Mr S. C. Johnson for discussions regarding the HI - 
data base and Dr A. N. Lasenby regarding statistical techniques, 
also Professor H. van Woerden for supplying in advanice of. 
publication the southern H Idata. cee 
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= The theory of evolution predicts that similar phylogenetic trees should be obtained from different sets of character data. 
We have tested this prediction using sequence data for 5 proteins from 11 species. Our results are consistent with the 


theory ofer evolution. 














i evolution: continues to be: a focus for nearly all 
ught. Nevertheless, there have been doubts about 
ical status of the theory, particularly on the extent 
za be tested or falsified. The best known of these 
> been expressed by the leading philosopher on 
method, Kar! Popper’, who concluded that “darwin- 
ot a testable scientific theory, but a ‘metaphysical 
„research program’—a possible framework for testable scientific 
theories”. Popper did not in any way reject evolution. He 
‘pointed out (ref. 1, p. 169) that “no serious competitor has 
: je forward”. and commented on “the strange similarity 
veen my theory of the growth. of knowledge and darwinism”’. 
ular, he. suse sts that only « one prediction. is See 














| as cny modifed these criticisms”, pointing out 
sms aoe some authors ' were inconsistent, such as da 


einen that “history. ‘Here we present a programme, 
applying graph theory”, by which it is theoretically possible 
to refute the existence of an evolutionary tree. 


Another prediction from evolution 


It has been long been considered that protein sequence data 
‘contain evolutionary information’. In particular, the tree of 
minimal length (minimum number of mutations, maximum 
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when constructed from different protein sequences. We need 


most common features of all the. near minimal trees. 


Table 1. The frequency pim, n) of occurrence of di Ti, Tj) = m for binary trees spanning n taxa d<n<1] 


aranhe maree bch Rts ive Maron Lim HY airi Aana pinnaa aA 


27X10 6.7 x10" 
8.7107? 24x10 70x107 
85x10? 46x107 2:2x 107 7.3x10° 7 
| 6.5x 107 3.8 x107 2.0« 10°" 7.5x107 
7.0x10~* 4.8x 10° 3.1x10°? 1.9107 TIKE 
62x107 48xI0* 3.6« 107% 2.7% 107° 1.8x 107! 7.9x107 
HOF = r 33x10 j 2.8 x io? oe. A 7x10" 


eer at 


ovr e. 


parsimony) makes no assumptions. about the mechanism of — 
evolution, and has been widely used as a model for: evolutionary 
relationships”. Given any comparative data, irrespective “of 
origin, one can ‘construct ‘trees-of an evolutionary form, and 
hence a minimal tree must exist. Soi in general, fin 


tree for protein sequence. data is not in itself. independ 

















evidence for the existence of an: evolutionary tree. z 

However, another prediction can be made if tere has bee 
an evolutionary. tree and if the maximum parsimony: model i 
a good predictor of that tree. The prediction is that minimal 
trees with the same taxa should be similar, or ‘congruent ™?, 






a measure of tree similarity -having biological significance sc 
that the values can be compared with the hypothesis that the 
trees are randomly selecte Such a measure is described below. 

Our strategy is to. take different protein sequences for 
common set of taxa, find a i 1 the i ate {and near mi a 






























econ, aad hence. would: contradict the existence of ät 
evolutionary tree for those taxa. N 

We conclude that the existence of an evaluduinazy’ tie for 
these taxa is a falsifiable hypothesis, and therefore meets 
Popper’s criteria for scientific theories. In addition, our methods 
allow us to identify a consensus tree which incorporates: the 












Finding minimal evolutionary trees , 
It is easily shown that any minimal evolutionary tree can be. — 
represented by a binary tree. Using the double factorial notation 
(1!) there are (22 —-5)!!=1*3x5...x(2n ~5) unrooted binary 
trees spanning n sequences", To determine the trees of 
maximum parsimony (minimal length), one must potentially _ 
consider a vast number of different tree topologies. But for all 
but a small number of sequences (n <8), present day computers 
cannot consider them all’® oa 
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OR ROO WE RS COK 


pi Fig. 1 The 39 minimal and near miniinal 
trees spanning the 11 taxa given.in Table 
| , . : . _ 2. TI+P11 are generated from the com- 
kin Oa Be Gob PARP RCH DM OR ARO CEH ED we HAR OWR CP ED RK HAR OME CP ED K © plete sequences, T12-T17. from. cyto: 
chrome c, T18 from: fibrinopeptide A, 
T19-T26 from fibrinopeptide B, T27- 
T32 from haemoglobin A, and T33-T39 
from haemoglobin ‘Bo The trees are 
: 4 , oe CAN arranged with their’ sequences -in 
Eh YD Be Se ce eo n Wek RO Mm CP SED & HARM OSPCED RR HAM OS RO ERE | increasing lengths (see Table 3). The total 
ee (eae ETS number of mutations of each tree for the 
combined sequences. is- shown. The 
lengths of individual links are not shown, * 
only the. branching sequence is indicated. 
. SAAS F Ste Table, 2. legend for definition of letter 
HAR MOS CREDE k AMO RE pepr | Recon sand abbreviations, 
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Weh ‘have shéwn that the problem of finding minimal | length | | : Given: a nan deaa tree T (one i in whi h the root has not 
pes is san example’ of the Sn Problem in o © which been meanest the a l lof "ot yi hick (depen | ate) 






















Ae taxa formed diy deleting operate links oe which diffe a 
two trees, This analysis. is independent of whether or not the 
treeisa rooted tree. | 





> erent struct andon data. “This i is an indication: that there. ra Se See ps a. 
may be considerable tree-like structure within the sequence | 

data. However, these observations are not easily quantifiable Probabilities and tree deapadheods : Š 
; and the inability to use such methods on some data sets of this We can, for.any specific tree T, determine the value of d(T, T’) : 
-size (8 <n <25) could not be taken as evidence for or against for each of the (27 —5)!! trees T'. Then the proportion of trees 
the existence of an evolutionary tree. with d(T, T") = m will represent the probability that arandomly | 


Here we have used a recently developed (ref. 17 and D.P., selected tree. T” is distance m from T: i 
ee in preparation) ‘branch and bound’ method’ which, for the data For binary trees the number of internal links is n — w$, 30 each: 
in Table 2, has found all minimal and near minimal trees. ' tree defines: n —-3. partitions. If Ti Tj have. m partitions in - 
fie Ce common, d(Ti, Tj) =2(n-3~—m) which is even, and can range — 
J omparison of trees _ from 0 to 2n~6. The value d(7i, Tj)=0 can occur only for 


Several methods have been proposed'* that measure some i=j, so the frequency of d(Ti, Tj)=0 is 1/N, where N= 
features of the difference between a pair of trees, but it is (2n ~5)!!. If d(T, Tj)=2 then there is only one link at which 
mportant that any method chosen has biological relevance. the two trees disagree. If we delete one internal link of. Ti, 
Apart from satisfying a historical curiosity, a.major application there are two alternative: ways of rejoining it to give values 
of bi roar tree i is to assist in 1 the z elassification of the d(Ti, Tj) = 2. This could occur at any of the n —3 internal links; Bi 
i “di so we find d(Ti, Tj) =2 with frequency Qn- -6)/. N. 

The values of d{Ti, Tj) over all pairs of bin i: 
n species for 4<» < 11. have been ‘determi ned using recursive — 
generating functions. (D.P. and M.D H in preparation). These 
results are summarized i in Table 1. | 
We can, n r a piven. value of mM: 



















ase these es | to 








ived from T1 or. 72, but not pai Iti is ‘easily 
shown. that this measure orms a metric « on n the Space of all trees 
panning these n tax be a Pe Eei 













_ for: r example, a aor i T T=. =4 > SS ey probability 


2 ACAAGCAAAACGGAAAAGCUGAAGGC 
AUCACGGAAGAACCCCGGGGCAUCAGCCGAG 

AC GAUUGAACAAAAAAGCCGGGACAAAUUCAGAA 

CAC AAAAGGCCAACGCAAAACACCCGGGGCAUGAACAGGC 

P  GGCGGGGCGAUUGAGCGAAAAAGC AGGGGCAUCUAACAAA 
H © CACGGGGCGAUUACGGAAAAACCGAAAGGCAGC UGCAGAG 
C  GGGGGGGGCAUUACGGGCAAAAACCGGGGAAUCUAGCGAA 
| CACGGGGCGCUUACGGAAAAACCGAAAGGCAGCUGCAGAG 


 Fibrinopeptides A and B 


cused AGGGAGGACCEG 

É GUGGGGAACCG 
GAGAGGAACAG 
| AGACAACG 


AGAGAGAAGCCUAG 


AGGGCAACUCCUGA. 
-AGGACAAGUACUGA 


-AGGGUAAAGAGGGA 


£ ~ AGCAAGUGAAUUAG 
C AGCGAGAGUUUCGA 


; AGGAUGUAGACGGA 


GCAGGUUACCCGC 


GCAGCUUACACGC 
A GCAGCUUACACGA 
AAUUCAUCUCUAC 


_Haemog lobi Y E can cm 


| GCCACAAACACCCCCAUCUCCCGGCGGGACCAACCACAAGCUGACUAA 

, AACAGGCACGC UCCGAUCACGCGACGAUACAAAACGGCAGCGUGAUCA 
‘GCGUGGCUUGCCCAGCUCAACAGGCCAUGAGCACCAGCGGCGUGAUAC 
GCCAGAAAC AGC AAACCAAAGAGCCGUGGC AAAAAAAAAAAAUAA 

GCAUGGC UCGGCCCGAUCUCGCGGGACGACCAACCAUCGAAAUACC 

GC GAAUC ACGCCCAGAUCUCGCAACGCGAACAGACAAAGGCAUACUA 
GCCAGUCUCGGCCCACUCACCCAGGAAUACCAAAAAAAAGCUGACUAACAGCA. 
GCCUGGCUUGGC CCGA UC AAGCGGCGAUAACAAACAAAGGAGUGAUCCGUCCA. 
GCCACUCACGCCCCGAUCACCCGGCGGGACCGCCCAACGGC UGACUAACCGCA 
AACAGGCACGGUACGACAAAGCAACGAUACAC AACGCAGGCGUGACCAGUCAU 
GCCACUCACGCCCCGAUCACCCGGCGGGACCGCCCAACAGCUGACUAACCGCA 


Cytochrome c 


AAUUCAUCCCUAC 


GCAGCUUACACGA 
GCAGCUAACACCA 
GCAGCUAAUCCGC 


oe mame COMMER 


See oe ot | 
3 Cerea t “Gh ee pe age 
t Therm Hex nee tomy fp Pe 


GCAGGUUACCCAC 


] Pines * 


pe ae gaa 


fe ae cm 


r a 
tus ratte: "O = rabbit l Orytolagus curisti), D= doe (Canis Pie P= =pig (Sus serafa H= human (Homo. sapiens 


| i= ape (Pan ea eee or r Gorilla teda 


n ap ad near ‘minimal an (2) a 
3 ees | trees and i a method of 


os eect as ngs Re lna trees, "he a 
(kangaroo) was selected : as determining ther root or ancesto 
of the tree. og fe Fes a 


Tree comparisons 


It can be seen from Fig. 1 tint the ree 
trees among these 39, T8=T38. Usi 
algerie outlined above, \ ve 


el frequcuties i in: 1 Table. 1 ‘we would & expect cach ret 
7 occur between 3 a a pal of random trees with roan 4 


p ‘and of ie same samens) ‘bat this poe not paleni the 


Table 2 lists the species. Our methods will work with. 
species and/or more sequences (for example, myoglobin, 
crystallin A, RNase), but we frequently find just one sequence 
not available. There is an urgent need for more coordination 


in selecting sequences for analysis.. 
The protein sequences were converted to nucleotide se- 


quences”? (with haemoglobin B, some nucleotide sequences | e 
were available”). The sequence data were edited to remove 
‘invariant sites and other sites with no comparative information, 


tor comparisons of trees s feos diferent sequences: is 8, vee ‘Th 
-expected and observed values of mare as follows: 


0 2 ow Be. 8 10. 12 


17 


145 84 


-as these have no effect on the structure of the phylogenetic 
trees (refs 10, 16 and D.P., in preparation). This left only a 


_ small number of sites, particularly for cytochrome c, as it shows 
- little variation among these taxa. The final data are listed in 
Table 2, with 40 sites from haemoglobin A, 43 from haemog- 

B, 13 from fibrinopeptide A, 14 from eee B 


te: from. cytochrome C.. 


ree construction 


3 34459425 unrooted binary trees 
ch and bound algorithm was applied 
sequences individually, as well as to 
able 3 lists the numbers of trees 
each o of the: e five d data sets and for 


Table 3 The minimal length and number of trees close to minimal length for. 
each of the five sequences individually and combined 


Minimal 
length 
17 
29. 
36 
89 
124 3 
ss Rca | 


Sequence min (mint+1) (min+2}  (min+3) (min+4) 
Cytochrome c 
Fibrinopeptide A 
Fibrinopeptide B 
Haemoglobin A 
Haemoglobin B 


. Combined sequis 


* Those 39 trees with length. <1. 25% of the minim: aroy 
used i in the as naalysis' a} and are shown i in: Fig. 











8.4 16 103. 182 (~/47 6.7 
6.5 76 Wi. 115 90 27/44 





‘The values in the upper triangle are from comparisons among the 21 ininimal 
trees, the values in the lower triangle are from comparisons among the 39 trees 
studied. CS = combined sequences, Cc = cytochrome c: FA, FB = fibrinopeptides 
“A and B; HA, HB = haemoglobins A and B. 


<= There is thus a strong divergence away from random towards 
the trees being very similar. Note that it is logically possible 
-for the trees to have been more dissimilar than expected. 
Table 4 gives the mean values of d( Ti, Tj) between trees of 
different sequences, the upper values being obtained only from 
= the minimal trees; and the lower values obtained from all 39 
trees, The largest mean that occurs is 11.75 between the 
minimal length trees of fibrinopeptide B and haemoglobin B. 
‘This value would occur between a pair of random trees with 
probability 1.8x10°*. All other values have probabilities less 
ce this, Tanging down to 1.1x10°° for fibrinopeptides A 








iit; scientific theories. are e falsifiable but not provable’? 


an) s ol ihe ing the partitions, find a particular tree T ach 
a (T, TI)+A(T, T2) +: : S m is minimal. 




























s each rA ticulas © partition: pécutred | in a given tree. ‘The 


, P, E} (28); {S, C, P} (22); {K, D} (21); {H, A, R, O, M} 
TE, P} (12); {O, M} (12) (see Table 2 legend for definition 
0 abbreviations). For example, the first partition is {H, A} 
which is human and ape, and this occurs in all 39 trees. Each 
partition is defined by listing the smaller of the two subsets, 
zand so in this case ({H, A}) the remaining nine taxa are in the 
= other subset. The tenth most frequent partition occurs in only 
seven trees. 
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É using criteria of sa a ass 


| a could be argued that because proteins from different spe 
è most frequent partitions and the number of trees in which can be aligned so. readily, this in itself is 


“occur are {H,A} (39); {H,A,R} (37); {S,C} (30); 
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minimal sum of m values when comparisons. are made with all 
39 trees. Itis a markedly better tree on this test than any other. 
Other consensus tree methods are available” but were less 
appropriate for this application. 

The consensus tree does. have the sAvaduige; over ihe twa. 
combined sequence minimal trees (T1, T2) in that in the ungu- 
lates, the horse (perissodactyl) is separated from the three 
artiodactyls (cow, sheep and pig). References to results of 
mammalian phylogeny from: palaeontological evidence can be | 
found elsewhere”. In McKenna’s. published scheme” 
lagomorphs (rabbit) would be the first branch after the mar- 
supials. This does not occur in any of our 39 trees. 


Conclusion 


The general conclusions feo the presca sot are that (1) it - 
is possible to make falsifiable predictions from the hypothesis ta 
that t Species | have been eerie in the past by an S a 












of. evolution. l 7 


or could it just a mean that 3 
that they had lost all informat ion abo tt 
contradicting the hypothesis of. Zu kerka dl and Pauling” 














3 indep ‘ndent evidenc 
that the proteins retain evolutionary information. However, it oS 
is probably true that specific predictions from hypotheses, rather 
than the hypotheses themselves, are falsifiable.. This idea is 
inherent in Popper’s writing, but is more clearly. expressed by 
Lakatos*’. To this extent, we suggest that Popper’s criticisms - 
of evolutionary theory have shown incompleteness in the appli- - 
cation of evolutionary theory, but at the same time evolutionary 
theory has helped clarify some inadequacies in n Popper’ s model 
of the growth of knowledge. 
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The bizarre structures of the Drosophila foldback (FB) transposable elements are discussed here, and arguments favouring 
a transposase-mediated mobility are presented. The complete 4,089-base pair nucleotide sequence of transposable element : 
FB4 reveals the full pattern of periodicity within the inverted repeats and the nature of the loop-inverted repeat junctions, 
a as s well e as the e coding potential of the loop sequence. 






LE p elements are e discrete units of DNA that are 


basé pairs, bp) o of the FB4 aaa clement from ti Drosophila 
sees onion We have Die sa shown: that tthe. FB eae of 







y eakaivotis im cole T elements discovered which 
inverted terminal repeats, Moreover, these FB ter- 
ats ‘very. in size from one element to the next, » and 








epeats with i no detectable Taalin DNA. 
"B4 nucleotide sequence is of interest for the following 
ns. ane the data. feved! the structural details of the 








- odin repone map of FB4 and the sequencing strategy used 
re shown in Fig. 1, The complete base sequence of FB4 is 
presented in Fig. 2. 


Ir verted repeat structure 


Each inverted repeat of FB4- is constructed primarily of small 
direct repeats. Near the distal termini of the inverted repeats 
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ihe wead for varying genes of time with the exonuclease: Bal31. a ae reaction was Soret bs we 
3 cleotide linkers carrying Xbal recognition sites were blunt-end- ligated to the plasmid with T4 ligase. The —. 
1 wit th | Xbal, sircularized ae a second round of Ae and used to eee ee renee coli | K-12 BIOL. 


tope x wás 1 rom 1 NEN. eee was. ae the ace of Maxam ane Gilbert” 
: eee 2 used. End- 'iabaliing was. performed as described previously”? 





Spo able 
















there are multiple imperfect copies of the 10- bp sequence 
CGTTTGCCCA. These short repeats are, however, generally 
separated by large regions of more diverse DNA. At nucleotide 
222 this 10-bp Tepeat is expanded to give 20 base. pa 

‘GTTTGCCCACCCTTTAAAA. ‘This 20-bp repeat is 
present in multiple: imperfect | copies, separated by varia 
regions of A+T-rich DNA. Starting at 499 bp from the 
we find 31-bp contiguous tandem repeats which contain wit 
them the 20-bp. repeat. These 31-bp repeats continue for the 
~500 bp remaining in the inverted repeats. i 

Figure 3 illustrates schematically this unusual sequence as . 
struction. The thick arrow represents one of the inverted. repeats 
of FB4, and the shorter arrows the 10-bp repeats found near 
the distal termini. Figure 3 is only schematic, thus there are 
more copies of the various repeats than those shown. 

Figure 4 illustrates the periodicity found within the. tandén 
repeats of the 31-bp sequence. Not all copies of this Tepeat | 
identical. Five e typaso of a repeat Gi k E 

nder nly. 





















repeats within: levered rope ats, piety us to’ a on the 
possible function. We propose the following scheme. Trans- 
posase levels in the eukaryotic cëll, even in optimum conditions, 
may be extremely low, and the termini of an individual transpos- 
able element represent a minute fraction of the large genome. | 
Therefore the rate-limiting step in the transposition process 
may be the recognition and binding of transposase to the ends. 
of the transposable element, where the enzyme has its effect. 
The tandem repeats may serve to increase the size of the target — 


Pyuy er jeanne. E. = gilt!) ee 
| semienteinienmmiammiamtatatendl ` t> 

















The, five reactions—G, GA, 
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so ASAAACCTTT \ACAAAATITTTTTTNCGATTGCCCACACTIGAAATACAACCAATTTCOTTAG 
$01 TITTCCCACCATTTAAAAATAAATAATTTCGATTGCCCATCCTTCAAAATTCATTTTAACGTTTGCCCACCCTITAAAATITGITIT 





: 701 AAATAAATTATTTCGTTTGCCCACCCTITAAAATTTOTTTTTITCOTTIGCCCACTCTTAAAACTAAATAATTTCGATTGCCCACCTITTAAAACTAAAT 
801 AATTTOGTTTGCCCATCCTTTAAAATTCATTTTAACGTTTGCCCACCCTTTAAA AATAAATTATITCGTTTGCCCACCCTTTAAMAGTTTTTTTTTIICG 

904 TET GCCCACTCTTAAAACTAAATAATTICGATIGCCCACCTITT AAAACTAAATAATITCGTTTGCCCATCCTTTAAAATTCATTTUTAACGTTTGCOCA 
"101 CCCTTTAAAATITOTTTEGTAAGATOTEGCCCCAATTCAGATATTTTAGGATCGGCOGATAGAAGCACTTACTTATATGATGATGATCAACATACATAGA 
1101 CATAATATGTACAGCTGTGTTCAGAAAAATAGCAGTGCGAAGGAAACTAAGTAATACAAAGGTATTTTTCCATGTCCCTITTCGG AATCGACTTTTTATT 





-3201 CCTCTTATTITIGTTAAATGGAA TGTCTAGATAGGGAAAAAAAGAAAATCCGGTCAGTTTTTCTIGITATCCTITTITTATTTACATTCTTGAGCAAAAT 
a gg RCRA EEE TAGE FOTI On TAAGAATAORAGTO TETON TETGACCAAE OTANG TEREOARATORT AETAT PETETA AAA TAART ene 


' 1 401 TAATTOCTATATTTÄAAAGCACAATAAATTAAAAMAATTAAAAAAATTITATPTTAGTOOGTAGAGGACAGCACTACTCOCAGGGCAAAAGAATGTTAAT 
Hind tri 


501 TCTPTHOCTEAGAAAGGAAGGAAAAACA PATAAGGACATTCA AAAAACCCTTAAATGTTCTGCCAAAATGGTATCCAATGCCATTAAATATAAATGGAAG , 


1601 CCCGAAAACCGTGGTACCAAACATAASACCACAGATATAGAGGA TCGACGCATIGTTTCTTACAGCAAAGTCTATCGTTTTGCATCCTTTAGGGACATAA 


1.701 AGTCTGAGCTGAACTTGGGAATCAGCGACGTTACTATTCGTAGACGACTACTGAATCAAAATTTCAGTGCGAGGAGTCCACGAAAGGTTCCCCTACCTAG 
HindI Ir 





| ATGCTATTTGGTGGAACTGOTTCACTACAGTATATCTGACGACCTCCAAACACGGAGTATCACCCAAAACACCCAGTGAAGACTTTCAATCACGGTGGAC 


2301 TAGGTTCACCCAAAATAGAATAGATGCAATGCCGTGGCAAGCACCACCTTCCCAT 1 TAAACCCGATTGAAAACCTGTATOGGGACATTAAACAGTTTGTG 


240i TOCCGCGTCGGTOTAAGGCTGTOCTGGCTAACAAAGGCTATCCAGCCAAGTATTAGGCCC GAATTAACATATTAAAAAGAAAAACTAAGTTCGTTCTAGG 


TTT ATCTTAAACTCTGAAGTCCAAAGCACTGCTATTATTC TGA ACACHECTERACATAACGAAATARTTTATITETAAAGS SGTGGGCAAACCTTAAAA 








3 oo GOGCAAACGAAAAAAACAAA TTTAAAGGGTGGGCAAACGAAATAATTTATITTTA AAGGGTGGGCAAACGTTAAAAATGAATTTTAAAGGA7GGGCAAA 
aior CGAAATTATTTAGTTTTAAAAGGTGGGCAATCGAAATTATTTAGTTTTAAGAGTOGGCAAACGAAAAAAACAAATTTTAAAGGGTOGGCAAACGAAATAC 


3302 TTAAGAGTGGGCAAACGAAAAAAAAAAACTTTTAAAGGGTGGOCAAACGAAATAATTTATTTTTASAGGGTGGGCAAACGTTAAAA TGAATTTTAAAGGA 
M 401 TGGGCAAACGAAATTATTTAGTTTTAAAAGGTGGGCAATCGAAATTATITAGTTTTAAGAGTAGGCAAACGAAAAAAACAAATTITAAAGGGTOGGCA SA 


3601 TTTTGGAAATTTTTATTTTAAAGAGGTGOGCTAACGAAATTGGGTGTATTITAAATGTGGGCAATCGAAAAAAAATITTTGITAAAGGTTTTITAAAGGG 
701 TOGGCAAACGATAAAAACTAATAATAATGGTTGGOCGTTITTTGTTGATAATATTTGGTTTTAAGAGATGGGCAAACGATITACTCTCTOATTAGACCGA 
1 GGTAAACTTAAAAGCCTTATATTTICTAAAGTATAAATTTTTICAAAATTCTAAAGGGTGOGCAAACGTGGGCAAACGATGTTATTGCGATTTAAAAAAA 


: f Hinr 
4001 t CTGGGCAAACATGGCAAAAAATOGOCATACGATTCCAGCTTTCAAATTTCAAAAATICGATTTTTCCACCCCAGCTICTITGAGCT 408¢ 


x recognized by the transposase. In a two-stage binding process, 
the transposase would first attach loosely but specifically at the 
“tandem repeats and then move randomly (although a more 
_. directed movement is possible) until encountering the FB ter- 
- mini, where tighter binding and catalytic activity would occur. 
This ‘bind and slide’ model, although conjectural, does pro- 
vide testable predictions. For example, other factors being 
„egual; an FB element having larger inverted repeats (and hence 
-a larger transposase target size) will undergo more frequent 
transposition. In addition, the model suggests an affinity column 
transposase purificatioi peneedltte using't ime tandem repeats 


3 P aral apan the DNA until it locates 
and thea binds tightly" 


there are, nevertheles omy single b base e difterences and more 


= 601 CTCTTAAAACTAAATAATITCGATGCCCACCTTTTAAAACTAAAT AATTTCOTTTGCOCATCCTITAAAATICATTTTTAACOTTTGCOCACCCTTTAA 


CCCAAGGCATATTAAGGCAAGGTTAAGCTTAGCTAAAACCTACCTAAACTGGCCAGTCTCCAAATGGCGTAATATCCTTTOGACTGATGGGTCAAAAATC i 


: AAATCATGGTATGGOCTTGTTTTTTTTATAATGGTATCAGICATGCTATGGATTATGATTTATGGTATTATAGACCAAAACGCATATGTAAATATAC 


5i -the doop: and: the 
01 TTAGTGATOTCTTATTGTCATATTCTGAATAAAATATACCCTTAAAATGGACATTCCAACAGGATAATGATCAGAAACGCAGATGTAAATCGOCTAAGAA 


01 TCGAAGAAGTCCCCGACGTCTAAGACTCAGATTTOGCAAGTTGTOCAGGATACATGGGCAAAAAT TTCCTOCCAAACCTTGCTAGGACTIGOTEGACTTCA 


2501 TCAAGTTAAATTITGTTACTATITPTTCATAGCACTGCTATTTTATTGAACACCAGAATTTCTGCCTATTTATTOITTTAATCTATATTICGAAACTAT 
01 TGAAGAAATAAAAGTGAAACATTTGTTASATTGTTTGAAATCASATACCTAATGATATTATTAAAAAAAAATTCCCATTAAAACTGTAAATCATAGGAAT = 


280 1 ATGAATTTTAAAGGATGGGCAATCCAAATTATTTAGTTTTAAGAGTGGCCAAACGAAAAAAACAAATTTTAAAGGGTGGGCAAACGAAATACTFTATITT 
903 -TAAAGGGTOGCCAAACGTTAAAAATCAATTTTAAAGGATGGECAA ACGAAATTATT? AGTTTTAAAAGGTGGGCAATCGAAATTATTTAGTTTTAAGAGT 


3201 TTTATTTTTAAAGGGTGGGCAAACGTTAAAAATGAATTITAAAGGA TGGGCAAACGAAATTATTTAGTITTAAAAGGTOGGCAATCGAAATTA TITAGTT 


3501 CGAAATAATTTATTTTTAAAGGGTGOGCAAACGTTAAAAATGAATTTTAAAGGATGGGCAAACGAAATTATTTAGITTTAAATGGTGGGCAAACGTTTTT 


90) AAAAATTTTGAAAAAAGCGAAATTTTTGATTTTCGAAAATITTCGAACTTTTICGAAAATICATATCTCAGAAACTGGACGTGGGCAAAAAAAACTAAT? 


= may also exist it eukaryotes. | 


TE n 
TCGTTTGCCCA | 4 


Fig. 2 Nucleotide sequence of the 
FB4 transposable element. The 
complete base sequence of FB4 is 
shown, starting with the first nucleo- 
tide of the left inverted repeat. The 
various imperfect copies of the 10- 
and 20-bp repeats within the left 
inverted repeat are underlined, as- 


are the ‘punctuation: signals sur- 





rounding the open re ading frame of- 


verted ter- 











dramatic differences involving entire copies. of the 31-bp 

sequence. There are two 31-bp repeats missing in the left- 
inverted repeat (Fig. 4) which are present at corresponding ue 
positions in the right inverted repeat. Differences of this sort 
could be generated by unequal cross-over events. Given the 
structure of the FB elements, both. interchromosomal and 
intrachromosomal unequal cross-overs are possible. 
intrachromosomal event, involving | the two inverted repeats of _ 
a single FB4, would delete sequence from. one inverted repeat 
and transfer it to the other: Because theri are no extra copies. 
of the 31-bp sequence: at- the correspc 
right inverted repent, oe iets 
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sitions on the. 
ł romosomal e 














Is nati the pene inverted repeat ‘structure is 
ly larger, with approximately two extra copies of the 
peat. Our restriction mapping data for several FB 
embers suggest that such a difference in size of the ‘inverted 
_ repeats’ of-a single FB element is common. Indeed, the ‘loop’ 
"sequences, as observed by electron microscopy, are apparently 
-often the result of this size difference. That is, the extra’ tandem 
r repeats from one of the inverted repeats can form the loop. 

<. The FB4 element, however, represents a striking exception 
-in that the bulk of the relatively large loop appears by restriction 
_ Mapping: to be prelate in sequence to the inverted repeats. 
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minate abruptly at the proximal junctions 
is in ete ws contrast to. their erie 





ponent of the FB4 denent This explanation avoids some 
he difficult questions posed by the ‘transposable element 
_ within a transposable element’ model. For example, why is 
-there a 95-bp space between the left inverted repeat-loop 
junction and the 33-bp ‘terminal’ repeat of the loop? And why 
- did the loop transposable element insert into the centre of the 

FB element? (If it inserted within one of the inverted repeats, 


“or TCC T CCATTTAAAAATAAATAA’ TI 


1. CGATTGCCCACCTTTTAAAACTAAATAATTT | 
2. CGTTTGCCCATCCTTTAAAATICATTITTAA 
CGTTTGCCCACCCTTTAAAAATAAATTATTT 


2 
3 
4. COTTTOCCCAČCCTTTAAAATTTGTTTTTTT 2 
5 


| CGPYTGCCCACTCTTAAAACTAAATAATTT 
1. CGATTGCCCACCTTTTAAAACTAAATAATTT 
. CGTTTGCCCATCCTTTAAAATTCATTTT: AA 


. COTTTGCCCACCCTTTAAAAGTTTTETETTTT 


2 
3, COTTTGCCCACCOTTTAAAAATAAATTATTT 
4 
5. CGTTTGCCCACTETTAASACTAAATAATTT 


“1 CGATIGCOCACCTTTTAAAACTAAATAATTT 


2. CGTTTGCCCATCCTTYAAAATTCATITIETAA 
3. Absent. 
4. COPTTGCCCACCOCTITAAAATITGTITT 


Fig. 4 P eriodicity a the 31-bp repeats. The sequences of the- 
od ba Seas are Sue Each sds t 


Pae P of the i in 








adad sequence ol f-t} 


ihe other side of the FB i The Thtègrat c compor I 


CGWPTGCCCATCCTTCAAAATTCATTIT Aa , 








that 161 Una type. ‘Underlined blank spaces 
represent a missing nucleotide that is normally present : 


| CaTTTGCCCATCCTTTAAAATY 


_ CGATTOCCCACCTTTTAAAACTAAATAAT 
l COTTTGCCCACCCTTTAAAAATAAATTAT 


l COTTTGCCCACTCTTAAAACTAAATAATTT. : 
, CGATTOCCCACCTTTTAAAACTAAAT Att 
COPPTGCOCATCCTTTAAAATTOATTITTAA 
| COTTIGECCACCOTTT AAAAATAAAGTATTY 
_ CGTTTGCCCACCOTTTAAAATTNGTYTITIT. 
_COTTTGCOCACTCTTAAAACTAAATAATIT 
|. CGATTOCOCACCTTTTAAAACTAAMTAATTT | 
©. CGTETGCOCATECTTTAAAATICATTITTAA 
_CGTTTGCCCACCCTT TARAAATAAATTATYS 
. COTTTGCCCACCOTITAAAATETOTETET? 
COTTTGCCCACTCTTARAACTARATA 
i CGATTGCCCACCTTTTA, AC 
._corrtececatec’ 
; COTTTGCCCACCCTTTA AATAR 
: COTT its “CCACECTTTAAAATETS 











2 
3, Absent as 3. CGPTTOCCCACCCTTTAAAA 
fe E 4° CGTTTGCCCACCCTTTAAAATITGTTT 
5. COTTTGCCCACTCTTAAAACTAAATAATIT 5. CGTTTPGCCTACTCTTAAAACT 






































_ CGTTTGCCCATCCTTTAAAATTCATITT 


COTTTECCCACCCTPTAARAGTTETT : 


; COTTTGECCACTCTTAAAACTA: AT 
À Absent E SEE oe 
, CGATTGCCCATCCTTTAAAATTCATETTYA 
© COPTTGCCCACCOTTT AA AAATARATTAT? 


COT 


model is also. attractive because it allows the FB4 element 


greater sequence complexity. The inverted repeats of the FB 
elements, although sometimes over 1 kb long, consist o 
repetitious sequences with frequent translational. stop signals 
in all three possible reading frames, and it is therefore unlikely 
that they encode proteins. Where, then, is the transposase 
responsible for movementof these FB elements encoded? Loop 
sequences are obvious candidates, especially as bacterial trans- 
posons.can carry transposase genes within their loops”. 

The loop sequence of FB4 contains a single large open 



















then a polarity switch would be seen in the tandem repeats of 














reading frame, with the methionine codon beginning at nucleo- 
tide 1,494 and the next stop codon, TGA, beginning at. nucleo- 
tide 1,938, allowing a maximum of 148 amino acids to be 


encoded. The consensus sequence GGLCAATCT, termed the 


CAT box, is often found upstream from eukaryotic genes. A 
the appropriate distance upstream from the coding region ther 
is the sequence GATCAATAT which agrees with the CA 
box for seven out of nine bases. There is also a good Goldber; 
Hogness box and after the open reading frame, a perfec 
of the sequence AATAAA which is generally found 
nucleotides upstream from the poly(A) tract of mo: 
It seems reasonable, therefore, to conclude that this 













tion of the inverted repeats. The short arrows 
bp repeats, which expand to form 20-bp repeats 
again to form 31-bp tandem repeats within the 
at, There are many more copies of these various 
`- répeats than shown in this diagram. 



































Mechanism of transposition _ | 
‘Two distinct modes of duplication—transposition are now clear 
- in outline, if not in detail. The bacterial transposons apparently 
-move strictly via DNA intermediates, as proposed, for example, 
-by the Shapiro model". The finding of ‘cointegrate’ transposi- 
tion intermediates’®, in which the two transposons are still 
linked, before the resolution event, strongly supports this 
~~ general type of model. 
> The integrated proviral DNA copies of retrovirus RNA 
< genomes undergo a more complicated duplication—transposi- 
-tion process. The proviral genome is transcribed into RNA 
“which is packaged into. a viral particle and eventually enters 
another cell, where it is reverse-transcribed””, and 4 circular 
_ DNA intermediate having one or two copies of the long terminal 
repeats, is formed. „This DNA circle can then integrate into the 
new host genome” °: To generate retroviral intragenomic dupli- 
tion-transposition events one need only eliminate the virion 
age. The. ‘proviral. transcript would be immediately reverse- 
n cribed, circularized and reintegrated at another chromo- 
omal location. = 
opia -like transposable elements in Drosophila are indis- 
guishable from integrated proviral retrovirus genomes. 
urally they both. carry long direct terminal repeats?" 
the transcription patterns are very, similar”, In addition, 
lavell. and Ish-Horowicz have shown” that copia elements 
-rise to circular DNA intermediates having one or two 
Opies of the re long ¢ direct term pal vb vege Aa as the retroviruses 





mechanism a 


R with their diapered and aed Sreahization: 
might result from a reverse transcription duplication-transposi- 
tion process” 5, However, for these sequences, unlike the retro- 
hogd which é are moa to be reverse-transcribed, the pro- 













a ches et al” 26 


equences. could also: duplicate and transpose by reverse tran- 





transcribed, giving rise to still more alu genes. ) Furthermore, 


„sequence. 
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have suggested that the human alu 


scription. Because these. genes can be transcribed by RNA 
polymerase IH, which recognizes internal promoters, the pro- 
cess IS potentially ‘explosive’. {The new alu genes can also be 


the alu transcripts would be capable of self priming for reverse 
transcriptase, giving rise to more faithful copies of the alu 








by analogy, ‘that ‘the FB Siemens do eT rmore, as | 
discussed previously; such a transposition: mechanism can be- 
invoked to help explain the unusual structure of the FB inverted 
repeats. The tandem repeats might serve to facilitate the binding 
of the low levels of transposase within the nucleoplasm. The 
retroviruses and retrovirus-like transposable elements, in con- 
trast, rely on the much more abundant. enzyme RNA poly- 
merase to accomplish the onset of transposition. They therefore : 
do not need to duplicate binding peguenpss: 


Conclusion | d 4 


The complete base sequence of FB4 reveals the full pattern of 

periodicity found within the inverted repeats. Near the distal- 

termini there are occasional copies of a 10-bp sequence. Further - 
along, this 10-bp sequence expands to 20 bp and this. 20-bp 
repeat in turn expands to. a 31-bp sequence which is tandemly. 
repeated. There are five types of 31-bp repeat that together — 
onn a E onen hierarchal sepetivion then ter 

















crossing-over. | i 
The a nature of the FB4 loops sequence ‘ 






presence erg a ‘gene ‘within ‘the Teo is mugen an “open 
sents frame flanked eas the correct AA A ts 















a be deud hena ; 
Finally, note that transposable elemens interacting witk 
transposase can generate a variety of chromosomal rearrange- 
ments, including inversions and deletions in contiguous sequen- — 
ces'®, We have previously shown, by Southern blot experiments, 
the existence of several different DNA configurations within 
the vicinity of FB4 (ref. 12). The intriguing results of Goldberg 
etal.” also strongly suggest that two FB elements can cooperate 
to mobilize a large block of separating DNA. This further 
accentuates the many similarities found between. the FB 
sequences and the bacterial transposable elements. í 
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From the complete nucleotide sequence of the genome of the avian sarcoma virus’ ¥73, we have predicted amino acid 

S sequence of ppo, the product of the transforming gene. Contrary to previous evidence from molecular hybridization 
_ studies, p90" was found to have: much homology with the transforming gene product p60™ of Rous sarcoma virus; 
suggesting that the cellular cata teat of the two (c-yes and c-src) originated from a common prototype sequence. 


a reiroviuses; the. acute leukaemia icona 


$i: 


m the a emacs sequences a 


5 wim viral A ee „F urther- 


ë on taiget sears 4 


o ape essential: for cellular 


e product. p60") and. T biogenesis pn the src A been 
discussed on the basis of the nucleotide and amino acid sequen- 
ces", We have studied a recent isolate of ASV, ¥73"", which 
_is defective in its replication and associated with leukosis virus 
AYAV) of subgroup A, The genome of Y73 is 26S RNA and 

contains yes as a transforming gene in its middle portion”? 

¿which encodes polyprotein with a molecular weight of 90, 000 
(p907) consisting of a gag-gene derived part and Y73- 
specific portion. In vitro translation of 26S RNA* showed 
directly that pIo” "is coded by the Y73-specific RNA 
sequence... The association of protein kinase activity with 
Le suggests that p90*** is a transforming gene product. 
_ To investigate the structure of p90**"", we determined the 
‘nucleotide sequence of the whole genome DNA. The sequence 
_ contains. an ED PR trame that can code for 


tai sthe iränafornidg gene (v-oe), which? is aa 7 


Sequencing strategy is 
| For determination: of Eie eguence, y 


sequence were isol ate 
ted for sequencing; be 


| cbiitaining two. Tonet t 


ments gontant oe d 


and Gilbert”. rnc i ob Ap sequences “were confirmed 
sequencing the complementary strand, or the fragments. gener 
ated by digestions with different | enzymes. — 


LTR LTR. 


’ : i l 2 


Be ee RE EcoR 


vector at “Sil site and the cloned. DNA A containes 
Epeen of LTR. : 





















































fete. lavati Lsmpévett issons TRET, oct Li ethrSerProseriys aGlul tect Hittite ale 
RTGGAAGCCGTCATAAAGGTGATTTCGTCCGCGTETAAAACCT ae peserProsertyaryat 





z TCGCCCTGTGGATCAAG 


a “LyeG@luGlyLeuLeuMetSerProserAepLevTyrSerProtlySer epProfleTihlaA laleuSerc Ini AlaMetValLeuGlyLye aserre? hud. 
_AAGGAAGGGTTGCTTATGTCT cccT CAGACTTATATTCCCCOOGÉTCCTE ATCCCATTACCGCGGCGCTCTCCCAGC GCAATGGTACTTGG r \GT 





H GlyLeuvalLeuGlyAlabeutyed lad adrgO tus tuGtnvatheSenl. inAlalysPhetrpleuct LeuG GlyArgValSerProProtiyProciuts ar teow n E 
| GGATTGGTTTTOGGGGCATTCAAGGCGGCTCGAGAGGAACAGGTTACATCTGAGCAAGCAAAGTTTTGGTT EE a CCGGAGT scien 721 


‘LyeProa laThrGludrgArq! ledaplyeGlyCludluvalClyCluthethrValGlnArgAapa laLyeMetdlaProGluclufhrélaThrPpolyeThrva Lely Thre 
AAACCAGCAACGGAGCGGCGAAT CGACAAGGGGGAGGAAGT TGGGAGAAACAACT GTGCAGCGAGATGCGAAGATGGCGCCAGAGGAAACGGCCACACCTAAAACCGT TGGCACAT CCT c 841 


Tyrtiacy eClyThrAlaSerGlyCysAenCyeAlathrAlarhralaSerslaProPro ProPrabroted ‘a lGlySerClyLeuCyeProserleuala Bite GluGluGladvabye 
TATCATTGCGGAACAGCTAGTGGCTGTAACTGCGCCACAGCCACAGCCTCAGCTCCTCCTCCTCCGTA TGGGGAGTGGCTTGTETCCTTCCCTSGCGGGEGTGSGEGAGCAGCE B61: 


a Arg? SludepAapThrProArgGlya laGluGinProdrga lat LuProAnghteThr¢lyLeuthrLleuGly Prod LaArgSerd ladrgleuProProPros taProLeuProcerser 
CGGGGGGATGATACACCTCGGGGGGCGGAACAGCCAAGGGC GGAGCCAAGGCACACGGGTCTGACCCTT GGGCCGGCC rat COCTCCTCCTGCTOCTCTICCCTCCTCC.. 1081 
~a SPC 

LeuProleuleuProProPheProProArg Valalad lavalProciyGtyAlaGlyGlyA laProleuProSerLeuSerProSerPhaserttaProargarga rg 1 yArodlaCly. 
CT. TECCCTCCTCCCECECTTCCCT CCCCGGGTTGCCGCGGT TCCGGGAGGAGCGGGGGGGGCCCCECTTCCTTCCCTCTCCCCCTCCTTCTT CCACCESCECCECCERGGACESCAGAA 2201 


AlaThr¥alGlyCyel lebysSerbyaGludAeplyaGlyProd lame tiyeTyrargThrAspAanthrProGluProl leSerSertievalSerdielyrcly Serep SerSerGin 


U AlathrGlnSerProdlal lelyec tySePrA la Va lAanPhed enSeritiaSerMetThrProPheGlyGlyProSerGlyMetThrProPheGly Gly laSerserSerPheSersla 
i GCAACACAGTCACCGGCAATAAAGGGATCAGCAGTTAATTTTAACAGTCATT CCATGACTCCTTT TGGAGGGCCCTCAGGAATGACACCCTTTGGAGGAGCATCGICTT CATTTTCAGCT 2442 


 YalProserPret ueProSerThrleuThrolyG lyGlyThrValPheValAlaLeuTyrAepTyrGlud LaArgT hr? hréspAepLeuSerPheLyalysGlyGluargPheGinI le 





Tledend anThre luClydap?rpTrpGlua tadrgSerl led laThrGlylysThrGlyTyrl leProSerfanTyrValAlaPro AakepSerl leGinA lagluclurs res Ph 


ylijeMetClyArglyeh apa laCluargleuLeuLeukenProt lydent indArgGly! lePheleuValAa ngGluSerGluthetThrlyeGlya laty pserieuser! le; 4 
TARAATGGGCAGGAAGGATGCAGAAAGACTACTTTTAAATCCTI GGGAACCAGCGT GGTATTTTCTTAGTAAGAGAGAGCGAAACCACTAAAGGT GCTTACTCECTITGI TA 


ceuvaltyatiatyr 








mna Glu va LAngGlyAapA. an. Ya Lbystiety piyal leArglyalenAspAsnGly GlyTyrfyrt lethyThrarg A laGInPheCluSerLeuG tLe: 
TSBEATOAGSTEAGAGETGAT MIPGTGRAGUICT NORAAAT CAGAAMACTGACAATOGIOGATACT. RTATCACAACCRGASCACRATTTGAATCTCTCCAGAAGTTGGTG AAG > 








agitated LakepilyLeucyeliiaLyateuthetheValoyaPectha LiyeProGinTheGinGlyLeud lalyekapA latrpGlut te 
AGAGAACATGCTGATGGACTGTGTCATAAGCTAACAACTGTATGTCCCACGGT GAAACCAC ACACAGGG) ip NGCAAAAGATECCT 


‘allyeleuGly GinGlyCyePheGly Glu ValTrpMetGi lyPhetrpaencl ythe thet; yevatAZart tel 
TTAAGTTOGGCCAAGGATGTTTTGGTGAAGTATGGATGGGAACCTGGAATGE AACCACAAA 





cca 








GAT LeMebiyelyeLeudr gilissepLyeLeuValProl eutyrd le eee pilevalTheGluPheMetthetys 
GCTCASATCATGAAGAAAT TAC AGAT 'GACAAGCTT GTT CCACTGT: TGCCATTGTTTCT GAGGAACCAATCT 






AiaAla 





l GluGl Giual LyePhebeu LeuProGInbeuvalA MetAladlaGlnI Le4 asepa yrr leGludr rileHia Ar 
BGAAGGAG AES CCCACAGCT: aoteaveaTcat GCTCAGATTGCT CiyhetAlaty \CATTGAAA renee ATCTCCE 








* Pot ludlad labeu! rGlyar 
CCAGAAGCAGCATTGTE TGGTC 


alieuGluGinvatct ArgGlyTt Proc sProGinGly ProGluserLeudieGlubeuMetl ee 
TCT GGAACAAGT o | GGAT) TA gaTeccTT $ CCTCAGGGCT CCCGGAATCTCT CCACGAGTTAATG ACTAT 


ude wrPhet hk lad aC luProse 
ACTYTACT GETG AC 


PheThrI leLyeSerd Vall pSerPhaGt I leLeubeutheGlukeuvalthr aclyargvalProty jlyMetValAen on 3 
TT ACRATCAMGTCAGA rer aTCGTTT ATT TTACTGACAGAACTGGT AAC! Nae GTOCCATATCCR ORAI GG TGARTCGSGA ia 











' ARP spProAar protherhelite:. 
i NECCTGA KER 


GAGTGATCACAGTGAGTCTATACAGAGGAAGTTCCAGTTANTGAAGGAACACGT CAATAAGATTGGCGTGGACACGACCCAATCGGAAGTTGGCTGCGAGGATTATTCGGAGGAAT AGG 3 3001 


: AGAATOGGCCGTTCATTTGCTGAAAGGACTGCTTTTEGGGCTI GTAGTT ATCT GTTACTAGTAGTGTGTCTGCCTTGCCTITTACAAGTT GTATCT AGCAGCATCCGGAAGATGATT AA 3721 


TX 
EAACTCATTCAGCTATCCGAGGAATGTAAAAAATTGCAGCAGGCTT GTAAGCAGCCTGAAAGAGGAATATAGGCGSGTTCTTY AYTCCGTG TGATAGATGGTTGGATTCATAATCGAT 324] 
‘ sec-— 
 TOGCTGGCATACGGAATATAGGAGGTCGCT GAGTAGTAAGCTTGCAGACTT GGCTGTAGCATACAGTATCTCCTGCAACTT CGATGACTGCTAGGAAAT GF sata ESTI 3381 


‘CACGOGACAAGSCTTGACTGAGGOGACCATAGCATGTATAGGCGAAAAGCEGSECTT CGGTTGTACGCGGTTAGGAGTCCCCTCAGGATET AGTAGTTGCGCTTTTECATABGEAGEGGS 3481 


Nucleotide sequence 


€ cific sequence he l mapped m “the middie of the ERE 







ene PRES ing th 3 open "reading ane. staring 
the amino-terminal p portion? 


GGAAATAGI sGCCATOCTGTECETETTACAR me tke 


C. GCAACCGTGGGGT GCATTAAAAGCAAAGAAGAT AAAGGTCCAGCCAT GAAATACAGGACTGAT AACACTCCAGAACCTATTAGTT CCCACGTCAGCCATTACGGETCAGACTCCAGCCAA 1381 


r GEGECAAGTCCATATECTAGTACTTTAAC AGGTGGTGGTACTGTATTTETGGCCTTATACGATTATGAAGCTAGAACTACAGATGACCTTTCATTTAAGGGGGTAACGETTCCKGATA 1563 


ATARACAACACGGAAGGCGACTGGTGGGAAGCAAGATCCATTGCTACGGGAAAAACAGGCTACATCCCAAGCAATTATGTAGCTCCT! GCAGACTCCATTGAAGCGSAAGAGT G T crt T08L o 


TAG GAC 3 1601 i 


“homologou: us to 
2, ~ boxy-terminus of p19 of 
CTTCAGGAG 2161 ae 
between - 


ICATAGTCACCGAATTCATGA SEER ne o 2, 471° and 2, 479. shows 


sig Gi AGCE 2401 
AnI leteu zig epee eras eI ledlahapPheClyLeua LeylleclusepAenGiulyrThrak geinar ain Thekla | 
a AACATTCTTGTAGGAGACAATCTTGT GT TAGCAGACTTCG tCTCOCAA TTAATAGAGGACAAT AGT ACTGCG A 


CARCATTTGAA 2767 z 


zeni 3 CTT CTTECTCCTASCTCATOGCCATSCTGTGAGGACATTGCCGGAATGTGTTGTTTCAATCT 2881 


PATGTAGTCTTATGCAATACTCTTATGTAACGATGAAACAGCAATATGCCTTATAAGGAGT ARAAAGGCACTATACATGTTGATTGGTGGAAGT AAGGT GGTATGATCATGCCTT ATTA 3801 . 


entire sequence coding for P 9, hi 


mi 2 T otal ‘Audleotide 


sequence of Y73 viral 


genome s and the predicted 
amino ‘acid sequence of 
} poster’, The complete. 


sequence of the cloned 


“DNA in AY73-11A was 


shown in the arrange of- 


> RNA. genome from 5’ to” 


3' direction. US and U3 
indicate’. the... _ unique 


. sequence:to 5' and 3’ ter- 


minal regions. Thick solid -1 


arrows’ with ‘rec’ shows 
‘the predicted recombina- 
-tion sites between c-yes 


and YAV sequences, and 


‘spe? represents sequence 
which i is oe eontiined aa ae 


CTCA. 4921 21 a atior on 





Pr-RSV. The closed. bar 
{ ucleotides 





the putative phosphoac- : 


on ceptor tyrosine contained 


TTTCCRATTA ate ACTGCT 2821. described ° 





_. GGAAGGTAACAGACGGGTCTATCACGGATTGGACGAACTCCTTATTTCCGCATT GCAGAGATAATGT ATTTAAGTGCCTAGCTTGATACAATAAATGCCATTTTACCTCCCACCACA. 3718 l 


i The entire nucleotide sequence: of thè Y73 genome, shown 
Previously, fingerprint analysis of Y73 26S RNA and YAV in Fig. 2, consists of 3,718 nucleotides, confirming the previous 
RNA” demonstrated that 26$ RNA contained a specific data described above. The genome. was significantly shorter 
equence that. tepresents the. transforming gene of Y73. This than 4.8 kilobases, the value’ estimated Previously by agarose a 
gel electrophoresis of the genomic RNA. 
The PA Dow “at the 5 










he * amino acid i insertions pAn S 169 pa 
10. acid substitutions (positions 64 and 161). 
ling sequence for p19, 130 nucleotides were 
s with those of RSV and then there was a specific 
. The sequence coding for p27, which follows after 
in Pr76, was not present. Therefore, recombination 
tween the viral sequence and the yes-related cellular 
_ sequence (c-yes) seems to have taken place in the sequence 
_ between those. coding for p19 and p27. A’ pyrimidine-rich 
_ sequence was present after the putative recombination site, but, 
-the significance of this sequence is not known. From the putative 
recombination site, the Y73-specific sequence extended to posi- 
tion 2,795. These specific 1,755 nucleotides are the only candi- 
dates for a coding sequence of the specific portion of p90". 
_ After this specific region, there was a sequence homologous to 
that coding for gp37 of SR-RSV’’, which is one of the env-gene 
, hus the recombination site atthe 3'-side seemed to 
























not homologous to that in- PR- RSV. {Schwartz et 





-code any protein required for transformation. T 
-this specific sequence is not clear, but possibly the unique 
Sequence was contained in, and originated from, the helper 


al se (87%. homplogy) except 


“Fig. 3 Comparison of the proposed amino acid sequences for 
he specific region of p90°*"" and p60" of Pr-RSV (N.K. and 

MY. manuscript in preparation). The two amino acid sequences 
aligned to give the maximum homology. The numbers in the 
a ie amino acid residues from the initiation methionine 
entity are depicted by boxes, The nucleotide sequen- 
two marks (*) are compared in Fig. 4. A, Ala; C, 

Glu; F, Phe; G, Gly; H, His; 1, Hen K, Lys; L, 

s Asn; P, Pro; Q, Gin; R, Arg; S, Ser; T, Thr V, 
Val; W Trp: Y Y, Tye 















re ‘bale: sequence s dround ‘tie termination codon » 


-communication), however, it seems: too small to — 
The origin of 


viru osons vith tha OT SR. mon sequence at the 3'-end was 





Furthermore, these homologies strongly suggest that the t 


sequence. This was previously proposed by N 






a cAC TIC G of ca PURI ik if as cac 
GAC TTC 6d ? 


B je Vag GAG. GAC AAG GAG TAC 
2489 CAA G g 166. ega aA 4 | cA G use Bgl coc TH 
- TAA 6G ra d k J TEG À G GEA GQ EP TAT: Gt BOG A 
2549 aC ATC ANG Tol sat otf Tes: TÉ aie Ra TG At as ETA ad fms 7 
ATC RAG TOR GAT. GT] TGG T ETG At ere bcd Sed 
2609 a ch ve le a ge ela ot 
STO CCA TA CCA SO) ATG tTa e 

` 2669 pi ATS tM tet a8 ee: HA a a ofA 

ATG COI TGC C TEEL tit 


Fig. 4 Comparison: between nucleotide sequences for the regions 
of yes and src of Pr-RSV coding forthe highly homologous amino 
acid sequences, The nucleotide sequences corresponding to the 
amino acid sequences marked (+) in Fig. 3 are compared between 
yes and src, in which 93% homology. was observed in amino-acid 
sequences, Non-identical nucleotides are depicted. by boxes. 



























Amino acid sequence of p90°*"* 

Figure 2 also shows the predicted amino acid sequence of the 
gene product p90% of Y73. P90**”* consists of 812 amin 2 
acids and has a. molecular weight of 88 ,697, which is ir ig 
agreement with the value of 90, 000 estimated ae or polya 
lamide gel electrophoresi ig | 
located at thes amino acic 








































eve gene piaia.. | 
eae sequence 0 of f part of pm = 









which ¥ was determined i in our laboratory sed ats molecutai Í 
cloned EcoRI fragment of the integrated proviral DNA (N.K 
and M.Y., in preparation). Our sequence of src in Pr-RSV onl 
differed i in 112 nucleotides: Hom tha determined nee Schwartz 





positions 644 and 766 ot sf p90" eves joula 133 ami 93% homol ogy 
the corresponding region-< of p60. Pe a 





Discussion 


In earlier experiments” 12 the Y73 spceific cDNA sequence did 
not hybridize with ‘src RNA. From this finding it was concluded 
that the transforming gene yes is distinct from src of RSV. 
However, our results show a large extent of homology in the 
amino acid sequences of the transforming gene products, © 
p90% and p60. This discrepancy is due to the diversity of 
the genetic codes foreach amino acid. Of 356 identical amino 
acids between positions 365 and 800, 221 utilized different - 
codons from those for p60 mainly owing to differences in the 
third base of the codons (Fig. 4). At the level of nucleotides, 
31% of the 1,308 bases of the region are different in src and 
yes, and the longest homologous stretch is only 17 nucleotides - 
long. These mismatches can explain the previous finding that. 
cDNA of yes did not hybridize with src RNA under stringent 
conditions. : 

The highly homologous sequences of amino acids in p90°* >" 
and p60” are consistent with the fact that both gene products 
have protein kinase activity phosphorylating tyrosine’??? 


transforming genes were derived from a common prototy 


the inding of similar trypfie peptides containin 


ritky 









































¿interesting to know the amino acid sequences of the gene 
-products of other avian sarcoma viruses such as Fujinami virus 
= and PRCH. 

-= As previously reported**,..there are DNA sequences 
¿homologous to those of yes and src, respectively in normal 
Chick cells (c-yes and c-src), and these. cellular sequences have 
_ been well conserved during evolution, being found in fish and 
-in humans, suggesting some important function for these genes’. 
Therefore, the similarity of p90**" and p60 at a protein 
level implies similarity of the gene products coded by c-yes 
and. c-sre, and suggests that c-yes and c-src diverged from a 
common prototype AMEE ata very early stage of vertebrate 
te evolution. 7 
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/ agnetic $ fields, EE 
and solar mn variability 


Kitt Peak National Observatory, Tucson, Arizona 85726, USA 


: Model « calculations univérsally indicate that heat transport from 
_ the solar interior is almost entirely by convection in the outer 
envelope. Spiegel and Weiss' have recently discussed how mag- 
netic fields can intrude into this envelope to affect convection 
and thus introduce transients into the Sun’s luminosity. I 
demonstrate here from Fourier transform spectrometer 
“Observations of Fraunhofer line asymmetry that granular con- 
_vection is retarded in the presence of surface magnetism. I then 
~ present full. disk. observations which suggest a lessening of 
-convection over the past 5 yr. As this time interval coincides 
_with the rise from a minimum to a maximum of solar activity, 
with the presumed injection of new magnetic flux from the 
_interior, the resolved disk and full disk observations are con- 
, sistent. Finally I note the continued temporal decrease in the 
spectroscopic temperature of the low photosphere and consider 





lated. 









1 patter g bright granules, transporting. 
excess € nergy which i is then radiated into space, are surrounded 
e cooler intergranule pas: which is falling. This causes a. 
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a common feature of the pieeo gene A ba of all 
avian sarcoma viruses so far tested. Therefore, it would be very — 


_ 20. Hirt, N. J. motec:. Biol. 26, 365-369 (1967). 





how a change of convection and the lowering temperature may 3 


ain ily manifest at the Sun’ S: surface a 








ilar AA - 
normal cells, 
l For. example, | 
expression vof ‘thse cellular genes might depend on different 
types of differentiation or differences in: the | ellular distribu- * 
tions, and thus functions, of the proteins, © o4 k 

The structural similarity between p90 and p60" does 
not necessarily imply that the mechanisms of cellular transfor- 
mation by these viruses are the same, Similarity in the carboxy-. 
terminal domain could explain the similar protein kinase 
activity”, but, differences in the amino-terminal domain suggest 
a different distribution of the ‘proteins within cells, and thus- 
that they phosphorylate different target proteins, since the 
amino-terminal domain of p60" is reported to be involved in 
anchorage of the protein to the plasma membrane*”. 
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Research from the Ministry of Education, Science and Culture 
of Japan, 
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1). These | bisector’ have, a ‘charaticristié: Hive ae the: et Fie 
of which is blueshifted i in wavelength relative to the laboratory 


value. The upper end of the C is less blueshifted, as increased 


density low in the photosphere, coupled with the condition of 
flow continuity, results in lower convective velocities. The lower 
end is also less blueshifted, because of the cessation of upward 
velocity at the top of the granulation layer as represented by 
the line core. Detailed calculations by Nordlund? provide a 
quantitative basis for the above hypothesis. 

A Fourier transform spectrometer (FTS) is preferred for 
bisector observations; it has a symmetric response profile, is. 
capable of giving-absolute wavelengths, records many lines 
simultaneously and is easily fed with unfocused (integrated). 
sunlight”. In a day-long sequence of full disk 1-m FTS measure- ‘ 
ments, mid C values typically display a wavelength variance of © 
~Q.1 mA, corresponding to a velocity noise of Sms For 
historical: reasons, some of the data presented here were 
obtained with a.13.5-m grating spectrometer. The greatest 
problem in this spectrograph is thermal drift which introduces — 
a time-dependent asymmetric instrumental profile. Velocity a 
noise is also about 10 times worse than with the FTS, but by — 
averaging many records ien noise im the data a benontios tolerable. .- 

7 : for ion of high magnetic 
; aby The pipe: eat 














i gy i 982 Macmillan K arn A 


ae ull aa Fe 5,250.6 i cies 
77 with the bisector for 1980-81. These are observa- 


s made with the 13,5-m spectrometer, the records having. 
he worst thermal drift being eliminated, and 21 days of data 


(a total of 14h) averaged together for each epoch. The error 


bars in wavelength are derived from the dispersion of the day 


. averages. Errors in intensity are negligible. The maximum dist- 

ance between the bisectors relative to the wavelength error 

occurs around an intensity level 20% down from the continuum. 
e fc rmal error is 0. cae Sihi (12 m m whilethe reparation 


TS als: Asm han in those obtained 
h o error i in oo eats is 


/ Magnetic (B~200) 


ger ae andi is more blueshifted than the 
7 magnae Cc. 


Fe 5,250.6 
1976-77 


7 io 1980.81. 
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ee ie ; 
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poi 
i 
fei 
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ce Tes 
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FTS data. in ihi case athe Hoot e errors are’ comparable Wih t} “th he: 
size of f the pora pane i 


maturely “reported”. that Fe 5, 
SEREN ESPON. 


perature gradic 
| tive s impactan of this (Spelas of temperature gradient ron sola 


irradiance have not yet been determined. 

I conclude that Fraunhofer lines in the Sun’s integrated ligh 
spectrum. display asymmetries which arise from convection. 
Observations resolving magnetic regions indicate that the 
amplitudes of the line asymmetries are smaller than in quiet 
regions. I have now observed a secular diminishing of the line 
asymmetry in full disk data from 1976 to 1981, corresponding 
to a period of increasing Magnetic activity. Thus increasing 
surface magnetic flux (perhaps related to the. phase of the 
activity cycle) is slightly retarding granular convection, Finally, 
this retarded convection may be the root cause of our observed 
line weakening and deduced solar cooling. 

I thank Dr C. A. Lindsey for helpful suggestions. 
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The Moon, Earth and eucritic meteorites display W/La ratios 
which correspond to depletions of W relative to chondrites by 
factors of ~19 (ref. 1). This depletion can be attributed to 

< metal/silicate fractionation. Ordinary chondrites and Cl chon- 


have similar W/La ratios, suggesting that nebular fractionations 
were unimportant. Therefore, assuming that both W and La 
oy are refractory and incompatible, the depletions of W relative 
_ to La in the Earth, Moon and eucrites are presumably due to 
< separation of metal from silicate during planetary-scale i igneous 
events. For the Moon, Rammensee and Wanke’ concluded that 
ny geophysically | reasonable metallic lunar core would be too 
small to explain the large lunar depletion of W. It was therefore 

ested? that the Moon acquired its depletion of W in a 
on-lunar igneous event, ‘supporting the hypothesis that the 
n formed by Tra: from the oa the upper tei 


s of par ig, the incompatible nature of W may 
negate this conclusio A geophysically plausible metallic core 
can account for the depletion: of W in lunar surface and, presum- 
ably, lunar mantle rocks, The low W/La ratio in the Moon 
cannot be used as unconditional evidence for a terrestrial origin 
j of the Moon. | 

-We first consider the initial concentrations of W and La in 
the Moon or in precursor lunar material. The presence of 
correlated pairs of refractory lithophile elements (for example, 

Ba/La) with Cl ratios in the Earth, Moon and eucrites argues 
strongly for a chondritic W/lLa ratio in the Moon or precursor 
-material®, The abundances of W and La in lunar rocks 
and chondritic meteorites are plotted in Fig. 1. The magnitude 
of the lunar W depletion relative to Cl and ordinary chondrites 
was calculated from the data in Fig. 1 and is listed in Table 1. 

“The range of depletion factors for the Moon relative to the 
chondrites is 19 to 29, but there are large uncertainties in these 
-values due to the uncertainties in both the lunar and chondrite 
W/La ratios. 

We next consider the amount of metal that may be present 
in the Moon. Geophysical evidence for the metal content of 
the Moon is inconclusive. The tightest constraint on the size of 
< -adunar core, by Hood er al”, is a maximum radius <360 km, 
corresponding to 2% metal. Other investigations”? find indirect 



















Table 1 W/La. ratios: in chondrites, and. cor responding depletion 
; : factors for the Moon 
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a Depletion factor (a) 
os Chondrite ope 
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e Lunar W/La ratio : nY 007, data from Fig. L 
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drites with widely varying metal contents and oxidation states. 
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Fig.1 Concentrations of W and Lain lunar rocks, average values 
for three classes of Seon: and the Cl enna W/La 
ratio 


indications of. a metal Age ih a andi id 200 to 3.500 km. A 


nature of W, ‘anid the metal (a (cilicate liquid) paitition inas efficient í 





for W. The partition coefficient depends « on the Oxi ion. state, 





which. depends on the FeO content, the Ni content of the metal 


and the- temperature of the Moon. The bulk: composition and, 


hence, oxidation state of the Moon i is uncertain. The effects of 


these parameters on the W/ La ratio are illustrated in. Figs 2 


and 3 and discussed below, - 


ar behaviour Ww. wale erie of acl ming is 








the concentration of Wi in ‘the silicate melt and i in the meta : 


cates. Partitioning of W between solid metal and. liquid metal 


is unimportant because the partition coefficient is close to 


unity'’. Figure 2 shows that, at low degrees of partial melting, 


significant depletion of W relative to La.can occur even if the 

metal/(silicate liquid) partition coefficient D(W) is relatively 

small. This is because the bulk metal/(silicate liquid + silicate 

solid) partition coefficient (bulk DS Yis much larger than the 
D(W) at low degrees of partial melting. 


The effective degree of partial melting in the Moon during | 


metal/silicate fractionation. is important to determine because 


Fugacity, Therefore, w V preter metal to silica emel and prefers 













very high because W is substantially excluded from solid. sili- Be 


of its large effect on the bulk DS. In their calculations _ 
Rammensee and Wanke’ implicitly assumed that total melting 
of the silicates occurred, and that D(W) equals the bulk DMS, — 
In these conditions a very large D(W) is required if a geophysi- oo 


cally plausible metallic core is responsible for the depletion of 
W in the Moon. It seems geologically more reasonable, 


however, that equilibrium between silicate and metal be | 


confined to small degrees of partial melting, because metal will 
rapidly sink and the melt will rapidly rise before a large degree 


of partial melting can occur. As the metal starts sinking and 


aggregating, the decreasing time scale and increasing length 
scale for diffusion will rapidly terminate equilibration of the 
silicates with the metal", A possible imit on the effective degree 
of partial melting i is F = 0.22, where cry 
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rystalline grains will no Me 
ach other at the intergranular ` 
. The investigation 4 b Paketda al, G of the stably of 



































































| l srrestrial low velocity 
ined of melts on a time scale of centurie | 
dependent on the scale of the melting system. 
he large. density difference between metal and 
eof F< 0.1 may be. reasonable for the degree of 
g during: metal-silicate equilibration in the Moon, 
Moon may have continued to meit after effective 
of. the metal phase. 
| e other critical factor is D(W), the metal/ (silicate liquid) 
tition coefficient for the Moon. D(W) depends strongly on 
the oxidation state of the Moon, which is related to the FeO 
content of the silicates and the Ni content of the metal in the 
Moon. The two scales plotted on the right ordinate of Fig. 2 
show thé relationship between D(W) and the FeO content of 
the silicates for both 6% Niand 52% Ni in the metal: 6% Ni 
corresponds to the assumption that the Ni/Fe ratio in the metal 
is approximately the cosmic ratio; 52% Niassumes.a chondritic 
-model for the relationship between Ni content of the metal 
t cand otal metal l content The apua Ni content of metal 

















dis d by ‘Raminenie and Wanke? area ‘relatively niahi FeO 
‘content (13%), which corresponds to a Jow D(w) of 53, and 
ford melting of the silicates (F = 0.98 in Fig. 3). For these 
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“Degree of ‘partiat melting {Fb 


Fig. 2 ‘The main constraints on the partitioning of Win the Moon 
constructed. by. calculating the bulk metal/ (liquid silicate + solid 
silicate) partition coefficient (bulk D~S), using an equilibrium 
partial melting model”, for different degrees of partial melting 
:{Fyand different metal/silicate liquid partition coefficients, D(W). 
-The solid silicate/liquid silicate partition coefficients used for both 
‘La and W are: olivine, 0.01; low-calcium pyroxene, 0.006; high- 
calcium pyroxene, 0.07; plagioclase, 0.14. Tungsten may be more 
incompatible than La, but no experimental mineral-melt data are 
Co known". The model lunar silicate composition used was Hodges 
=: sand Kushiro. The diagonal lines represent the constant bulk 
3 pe = necessary to achieve a given depletion factor (a), DY 

a metal content (x) of 2%. The relationship: between bulk D” RIA 
pletion factor was calculated from the equation” x= 
pM” S +a i ‘Breaks i in slope occur when phases 
but the changes are small and are not shown. The 
lotted at the side were calculated by determining 
a given FeO content assuming 1,300°C and ideal 
r and 6% Ni or 52% Ni in the metal”*. The 
Wy was then calculated from the. relation 

1g fo. - 10.83 determined experimentally by 
- aE and Wanke*. f 














Degree of partial melting (F) 


Ezan, 

















Yo 2 ( 46 30 
Depletion factor (a) 
Fig. 3 a, b, The combination of per cent partial melting and FeO 
content required to achieve a reasonable depletion factor for. 
the Moon (see Table 1): a, 2% metal containing 6% Ni: be 2%: 
metal une 52%. Ni: ‘The plots were. derived. d graphically. 
from a Fig 2 : : ME: 3 


observed Shana cor of W.W 


-_ brium of silicate phases wit 
melting is geologicall 


of partial melting is illustrated in a differ it way i in 1 Fi "a 
b, which are derived directly from Fig. 2 for 6% Ni and for 
52% Ni in the metal respectively. Figure 3a shows for the 
n of 6 6% Nii in thè metal aar reasonable a. = 


only if ae lunar FeO c content is e 6-8% 
W). F whi h are. cons 

depletion a Wa are uncer ain dui 
lunar depletion values (Table. Jand: the unce 
content of mafic silicates and Ni content of me : 
The only situation where the low W/ La ratio in the Moon could À 
not be explained by a 2% metal core is the combination of a 
high lunar FeO. content ¥ ith a very | high Ni content in the metal: 
Even this constraint would be greatly relaxed if a a core: Tanger: 
than 2% metal exists’ Mi 

Of iess importance, but of significance, i iS te variation in th 
modal composition of the Moon for different lunar bulk: compo 
sitions. Compositions with low. FeO contents tend to have high 
normative plagioclase contents. A large amount of plagioclase 
reduces the bulk DMFS. at low degrees of partial melting, 
because plagioclase may have a higher solid silicate/liquid 
silicate partition coefficient for W than does olivine or pyroxene. 

A major question regarding depletion of W during partial 
melting is explaining the very homogeneous W/La ratios im- 
lunar samples. Figure 3 shows the large sensitivity of the deple- 
tion factors to small changes.in the degree of partial melting. 
Several factors may help explain this problem. A closer look | 
at the actual mechanism of metal segregation.is needed. Assum- _ 
ing that the metal grains are not all the same size, the partition- 
ing of W and the settling of metal grains probably occur over `- 
a significant range in the degree of partial melting. This. suggests 
that an important control on the depletion of W is the size— 
frequency distribution of metal. A relatively constant size~- 
frequency distribution and metal content of accreting materi: 
may lead to a relatively constant W/La ratio. Other mechanism 
following core formation could also lead to homogenizati 
These include convection and the possib formation ofa 
magma ocean. | : 

Ras, conchide rom the above e analysis 



































he: ‘approximate coincidence of TWA La ratios in "the: Earth, 
A Moon and eucrite parent body may only reflect the operation 
of the same depletion mechanism in similar CONOS: on 
several parent bodies" 
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inert matrices at cryogenic temperatures is an important phy- 


such systems: are much } more difficult to obtain even at a resol- 
ution of only 1cm™’. Coherent Raman spectroscopy with an 
attainable resolution. of at least 0.001 em” is capable of rivalling 


here the first coherent Raman spectrum of a matrix-isolated 
species. The system chosen is carbon monoxide in nitrogen 
` (ASK) at 0.13% concentration with a resolution of 0.13 cm. 
_ Although coherent Raman spectroscopy is experimentally 
demanding compared with spontaneous Raman spectroscopy 
it can enable experiments to be carried out that would otherwise 
=- be impossible. Perhaps the most spectacular results are those 
of Owyoung and co-workers’ who used Raman loss spectro- 
-scopy (inverse Raman) to obtain’spectra of ‘°CH, at 1.3 torr 
: pressure. The resolution was Dopper limited at 0.009 cm™ 
resolution. A more familiar coherent Raman experiment is 
coherent anti-Stokes Raman spectroscopy (CARS) which. is 
experimentally easier to set up (and less expensive) than a 
“sophisticated Raman gain/loss experiment. 
-~ The selection rules for both Raman gain/loss spectroscopy 
and CARS are the same as for those of the spontaneous Raman 
et Wever thi Të are important differences between the 
i 10r ‘Raman gain/loss spectroscopy is a 
he ARS isa four-photon parametric 
ngi y in Peeecormalened conditions is 


Pry? _, wy fan F 
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: IR spectroscopy of species isolated at low concentrations in 


sical technique in many branches of science. Raman. spectra of | 


diode laser or Fourier transform IR spectrometers. We report 
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Fig. 1 The CARS spectrum of carbon monoxide in a nitrogen 
matrix at a concentration of 0.13%. (R = etalon reset.) 


where wi, W2 and d oy an , 
Stokes Penida 


and 1 T T, a are ebad aR Fort these shone 


nitrogen as the matrix gas because: (1) it gave us a strong signal 


from the substrate for initial lining up; (2) it has the advantage | 


that the N'N (0.7 mol% concentration) peak may be used _ 
as a test for alignment and Sensitivity. Carbon monoxide was, 
chosen as the species to be isolated because not. only has it 
been extensively studied, but also it has a vibrational frequency 


close to that of nitrogen. 


Figure 1 shows the first coherent. Raman. spectrisin of a 


_ matrix-isolated species. The concentration of the carbon 


monoxide is 0.13% and the resolution of the experiment is of 
the order of 0.13 cm`*, which is an order of magnitude better 
than that obtained in a conventional matrix isolation Raman : 
experiment. A further order. of magnitude improvement ino 
resolution could be obtained without significantly. altering the | 
nature of this experiment. ae 

The spectrum was recorded using: a carbon: monoxide- 5 
nitrogen premix pulsed onto- a- calcium fluoride plate held. in 
a Displex closed-cycle cooler operating in the region of 15K. 


~The CARS system used a. J K Lasers Q-switched Nd/YAG 


laser as pump, operating at 16.7 Hz. repetition rate, y with. a 10 ns. 
pulse length. The probe ie was a Chromatix C 
lamp pase saa d; e las 
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“argon led to 5 poorsquility 






5 cle aly due to line broadening coupled. with 
e between the resonant signal and the non-resonant 
und, leading tothe observation: of derivative type 
a (There : are several techniques available for minimizing 
iis effect but they all lead to a reduction in signal. ) In nitrogen 
-rotation. of the carbon monoxide (which. is thought to 








_ pressed, leading to a narrow line. : 
. Note that with Raman gain/loss spectroscopy a ‘conventional 
; Raman spectrum is obtained without the complications outlined 
above for CARS. There is also the possibility of a further order 
of magnitude improvement in resolution (leading to. 0.001 cm 
i Teasonable. imit. | 
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l ents in enoii. Sauramo” “also akeo disloca- 
“but his interpretation- was rejected by Hyyppä”. More 
ecently the concept of the Scandinavian shield as a stable 
ea has been’ dismissed'*"*. Here we provide evidence from 
-Scotland for shoreline dislocation by differential movement of 
_ blocks of the Earth’s crust. 
_. The study of former crustal movements from. fossil shorelines 
--Yequires accurate, very closely spaced measurement, which has 
- rarely been attempted outside Scotland. The results of such a 
study in the Forth Valley in central Scotland are shown in Fig. 
` Ta. The upper shoreline, formed at 6,800 yr BP, is a surface 
~ feature while the lower shoreline, formed at 9,600 yr BP, is a 
buried feature’. Both shorelines have corresponding sloping 
ind essentially horizontal portions. Two parts of this area have 
er glacio-isostatically uplifted without significant tilting in 
ast 9,600 yr, while the remainder has been tilted. Further- 
et shoreline has two clear displacements, one of 
f the Loch Lomond (Younger Dryas) Advance, 
; 1.5 m corresponding with a major fault: these 
ded by 6,800 yr BP (Fig. 1a). 
















i r and were poretne [ju where! E possible, ae? 15-3 


{at concentrations of the order. were aligned perpendicular to the shoreline. This work 


“account for the line broadening in argon’ H is presumably sup- | 


-shoreline of Glen Roy varies between 349.5 and 351.9 m, the 
‘middle shoreline between 324.5 and 326.8.m, and the lowest E 


~O respectively: There is amajor exception to these generalizations A 


<. south-west of the landslide all three shorelines rise above their 


TR Etani A, B: Appl Spec. 3, 253-272 ; eins altitude ae | this 


; Mitinity in 1 the Scottish mond Stasi W A 























Traverses were normally. 4-5 km long and. the ave age: lo 





detailed and accurate than. any nre undertaken on shore 
lines of former lakes. : 

We find that the shorelines are in part horvontal anid in part 
tilted while, . occasionally, there are displacements. of <2m 
Despite these variations each shoreline has a limited altitudinal : 
range. Using the means for. groups of measured points: and, ue 
where linear regression analysis was possible, the calculated _ 
values for the ends of tilted lengths of shoreline, the highest 


one between 260.1 and 262:4 m, ranges of 2.4, 2.3 and 2.3m 


which we consider here. | 
On the north-west side of upper Glen Roy a large landslide 
has destroyed all three ‘parallel roads’ (Fig. 2). Immediately 
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Fig. 1 Heigheditancs iani Ge dislocated shore 
_ Western Forth Valley, gradients. {in m per. km). D; 
shoreline of Glen Roy on both sides of the major 
th ree. e Glen Roy shorelines south-west the mak 
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Q epression and 
the evidence far uplift ora a fault. No ‘detailed geological 
map of the area exists. Anderson"? mapped a straight fault 
10 km to the NNE the projection of which coincides with the 
Glen Roy feature. The bend in the presumed fault corresponds 
with a small re-entrant in the hillside suggesting, along with. 
the ridge, the presence of a reverse fault: this is consistent with 
crustal compression associated with glacio-isostatic uplift. Fault 
movement could have caused earthquakes, thus accounting for. 
the large landslide. 

The apie clearly post-dates formation of the ‘parallel roads’. 
The relative date of termination of uplift is also established. 
When the lake was emptied, probably very rapidly by 
jokulhlaup’*, the new land surface encountered by the River & 
Roy inthe locally uplifted area was undulating, with large gravel 
fans alternating with lower ground. Initially. the Roy. cut into 

. the fans and. deposited the gravel thus obtained between them, 

producing a smooth profile now represented. by ariver terrace > 

w that extends: intermittent along. the whole lene att the 2-km 7 









: 5, inferred 1 fault scarp; | 6, upper aoe of Poy masses of 
T T g bedrock. 








The middle okonie which is the best developed and ae ie deaurad’ while the © Roy. jee dated. lake: stood. at the highest an 
fined, is horizontal away from the major landslide: 16 levelled sie bo Hence the. To localized uplift occurred oo 
points in the south-west and 25 in the north-east (AB, DE, a t the beginnin e Holoc 

‘Fig. 16) together average 325.1 m, the standard deviation being -© 

ly 0.15 mi Between B and C the ‘parallel road’ is broken 
nto several tilted portions: two of these rise to 0.7m above — 
horeline > altitude | in the’ area of a indicating hens | 










relatively stable. It adds t the Forth evidinics Fie | 1a) denon! 
All strating | differential movement of blocks of the Earth’s crust. 
cupid b by tt ‘he: major ae which ks carried them down Because in both areas. the dislocations post-date the Loch ? 
with it (Fig. 1c). Lomond Advance, when glaciers were of limited ‘extent, we 
























~The point of maximal uplift on the highest shoreline lies suspect that larger movements occurred earlier during ice-sheet 
upslope from the comparable point on the lowest shoreline. decay. The probability. clearly exists that in Fennoscandia and 
‘The culmination point of the middle shoreline is offset by 100 m: North America, where ice sheets were far larger than in the 


< this difference is readily explained by the minor ‘slips (for British Isles, there are shoreline dislocations of even greater, 

example, F and G, Fig. 1c) that have produced small but clear magnitude. ee 

steps. in the middle ‘road’. The NERC financed this research. Dr D. G. Sutherland o 

< Localized uplift of the shorelines cannot be attributed to the criticized the draft of the paper. ee 

landslide. Upward movement at the toe of a rotational landslide 

is well known: however, the Glen Roy feature is not a simple 

rotational slip and the toe is at the valley floor. Furthermore, 

the uplifted area extends hundreds of metres from the landslide. Received 17 November 1981; accepted 26 March 1982. 

Tt is therefore most likely that crustal deformation occurred. 

ae Pronounced uplift i ina very small area suggests fracturing of 
the Earth’s crust. Such Pinag i is consistent with the presence 
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Geological Survey, Menlo Park, California 94025, USA 


_ Numerous distinct geological terranes. compose the North 
_ American Cordillera’; there may be as many as 50 terranes in 
California alone’. Critical to deciphering the history of Cordil- 
: Jeran tectonic assembly i is an understanding of the displacement 
< history of individual terranes. It is therefore important to know: 
(1) whether a terrane has undergone significant motion with 
~ respect to the stable craton (that is, whether it is allochthonous 
Ori exotic); (2) if $0, when relative motion started and stopped; 
3) irom where an individual terrane originated; and (4) the 
er-terrane movements. We consider here the prob- 
nining whether the now-juxtaposed Salinian and 
untain terranes of California became amalgamated 
ese it position vith mp to ‘cratonic North 



















ranciscan ae of the San Siméon t terrane. The ë Stanley 
untain strata closely resemble, and are coeval with, the 
reat Valley sequence”, which is typified by exposures: along 
the west sides of the Sacramento and San Joaquin Valleys. 
_ Truncation by faults and unconformities disrupts the section in 
most places, but a nearly complete section of 4,000 m. of Upper 
_ Jurassic and Cretaceous strata is exposed in the southeastern 
San Rafael Mountains’. These forearc~basin strata are demon- 
~ gtrably allochthonous with respect to Salinian basement, yet in 
“Jate Cretaceous time the two terranes seemingly collided to 
-- form a new amalgamated terrane, as Campanian and younger 
sedimentary rocks of both terranes are petrographically iden- 
tical and are characterized by non-marine horizons of locally 
~ derived granitic detritus™® (Fig. 2). Several coherent packages 
: of Upper Cretaceous arkosic strata in the San Simeon terrane 
_ may indicate continuity with the Salinian and Stanley Mountain 
terranes; however, equivocal sedimentary sequences which lap 
these terranes a are no Bader than early Tertiary. 
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jary strata contain r numerous clasts of siliceous val 
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volcanic provenance does not ey 
Stanley Mountain terranes. 







D. E. Champion. enori o communi : 
new data which indicate a similar exotic ¢ 






















shagnetizalich directions at ares sites ater removal 0 
paints maguotizations 4 of peo recent viscous | 






























diréetion is. s D= -0418 T oP. ets " eprresponding: w 
palaeolatitude of 14+7°, Structural attitudes of sedimenta 
rocks which immediately overlie the basalts were used as 
palaeohorizontal- reference indicator, If the age of the ‘pi lo 
basalt is 160+ 5 Myr; as icated by isotopic data from. 
Coast Range ophiolite samples", then a northerly or south rly 
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Fig. 1 Geographical sketch map of Stanley ne ae 
Simeon and Salinian terranes in western Califor 


Santa Barbara | 
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ete of oben ent palaeo ati ades fro the Pige Fo: 
“tion on the Salinian terrane (ref. 8, and M E Wilson, M. 
Schnapp and A, Cox, in preparation), but if a Northern Hemi- 
-sphere interpretation is invoked (Fig. 4), this might be expected, 
-as the Pigeon Point strata are slightly younger (Campanian- 
poseSeenscels’ D Maestrictian), An alternative explanation f for the palaeolatitude .. 
le | A discrepancy could be that the suturing of the two terranes mign a 
TP O A N A not have been completed by thistime. = ; 
wpe The palaeomagnetic data’ shows that (1) the Salinian com- 
posite terrane lay in low. (21 + 7°) palaeolatitudes® in Cam- 
panian-Maestrictian time, and occupied.. higher (25+ 3°) 
. | Fhanciscan palacolatitudes’” in early Palaeocene time; (2) the Stanley 
MEL ANGE | le. Mountain terrane lay in slightly jower (6°+5°) palaeolatitudes 4 
Pye ee Ng (oe ee ee. in Cenomanian-Santonian. time, and. occupied slightly higher 
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Seto ire S (14°+7°). palacolatitudes at about 160+5 Myr; | either.a north | 
? -or south palaeolatitud pasible: 13) eset displacement 
7 ~ model (solid. line in Fig. th Obi ‘Or 


 wesysar | 









posite terrane at 14°S at 160 Myr, a 
at a at about eh Avr, s: 
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en TERRANES a an 











= anes, re of rier co ca a gation a at about sed time if coud | 4 
ila eating Rs DOETE _ (dashed ting in Pig A Coupled with the geologic ar 
lies (a, DE Capoa, Ponal come = k s collision of : 
A. Es Wilson, M. Schnapp and. A. Cox, 3 terranes. ‘occurred n low palacolatitudes, far from the present n 


inset on the left is magnetic reversal time e E California continental margin 
' tolact = poiat polart, ai g oe at 






















| e ee tions were ‘of eee origin and dated froin a 
iary time, an exact tectonic correction would not be possible ; 


e the sti uct ral attitude é at the: time of remmagiatizatien: 
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ma gnetization. ‘alter tectonic tilting ‘and. were 

otated 0-60° clockwise about a vertical axis. At 
the samples were. collected, the basalts form 

pi ; homoclinal Seen, so that a fold 
























; not possible. 1 
revbsinetiontion by a thermal: aaan. for isotopic ages 
are not reset and’ reheating effects are not visible in hand 
specimen or thin section. ©. 
~The sedimentary record indicates that the Stanley Mountain 
and Salinian terranes probably collided in the late Cretaceous. 
To determine the palaeolatitude of the Stanley Mountain ter- 
rane at approximately the time of collision, samples of Upper | eee: 
Cretaceous (Cenomanian-Santonian) flysch strata were collec- Fig. 3. a, Palacomagnetic results from Stanley Mountain pillow ee 
ted at 10 sites in the San Rafael Mountains near Figueroa basalts. Left: orthogonal. vector: projection of af. demagnetization ee 


Mountain (Figs 1, 2). After.a.f. demagnetization in peak fields experiment; circles représent projection of magnetization vector : 
on the horizontal (@). or east-west vertical (©) plane; axis ticks — 


up to 80 mT, a single stable component of magnetization was 1 Sige 
0.2 x 10° Am’, Numbers are peak a.f. treatment in ‘units of 

isolated (an: example is shown in. Fig. 36). ms overall in situ 107? T. Centre: equal area poir of site mean magnetization ne 
ican, direction rt oath ai sites. is a- 902, a TA, 1 gs = directions after a.f. demagnetization, No tectonic correction is — 
ica’ ğ abe becky direction. plotted is the average of six individually 
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ie 4 ‘Palacolatitude of the-Salinian and Stanley Mountain ter- 
ranes as afunction of time, conipared with palaeolatitude of ‘target 
area’ on North America for present-day position, 35-39° north 

itude ae path represents | the two terranes Salter: r-süfuring. 





“terrane Spa on | he oe of magnetic polarity 





lence of events E for the evolution of 
involves three Aana te as aS (1) 


nal | borde aa eee if rene "paluesttagnetic 

















ji ies (ref 8 
prepa n d . Champion, personal communication), 
: includi ng our own, are accurate and basin’ ‘analyses* 67 correct, 
oth the 1 iming of events and nature of origin of the continental 
must be reinterpreted. — 
alysis. of the- 1,500m thick fuvio-deliäic sequence. in the 
southeastern | Stanley. Mountain terrane indicates that the Stan- 
ey Mountain and Salinian terranes were probably attached by 
72 Myr BP. Thus the Stanley Mountain and Salinian terranes, 
oth of which come from quite different parent terranes, must 
nave travelled northwards together, despite the remarkable 
. parallelism of Cretaceous depositional environments between 
the Stanley Mountain terrane and the Great Valley sequence 
of the Sacramento and San Joaquin Valleys. However, the 
~ Stanley Mountain/ Salinian composite package was probably 
emplaced in California by the early Eocene, based on the 
-inference that submarine fans sequences of this age’ lap across 
these terranes and other terranes autochthonous to California. 
: The palaeomagnetic data presented here and elsewhere indi- 
<o cate a large northward component of relative plate motion 
oe along” the western margin of North America during the 
- Cretaceous and early Tertiary. Several late Mesozoic terranes 
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al eat 17 ee D. Č. x. Bagebretsolt in preparatio 
Two possible ways to account for the northward shif 
terranes are immediately apparent”: (1) reconstruct thi 
Mesozoic Pacific basin plates including now vanished plat 
whose configurations would account: for the ‘northward: sli 
required by the palaeomagnetic data and for the episodi s 
plutonism mapped all along the Cordillera, and/or (2) palin- 
spastically restore Central:America and the ancient Caribbean’ 
plate westwards to increase the distance from the Kula~North: 
America Euler pole in late Mesozoic time, so that Kula plate 
motion could better account for the northward component of. 
motion of the Stanley Mountain and Salinian terranes. 2 
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tion, David Engebretson and Ben Page for editorial comments, 
and especially Michel Debiche and Anne Demitrack for many 
laboratory measurements. The research was supported by grant. 
PRF-11405 from the Petroleum Research Fund of- the | 
American Chemical Society. : 
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Marine phosphorites are kiowa. to occur within multiply de- 
formed Ordovician/Silurian and Upper Devonian rocks of the 
northern Sierra Nevada range, California. Although the phos- 
phatic sediments constitute a small percentage of total 
lithologies i in the area, they provide unique information regard- 
ing the age and palaeogeographical setting of these rocks. The 
mode of occurrence of the Sierran phosphorites and their associ- 
ation with black shale and chert suggest that they may have 
formed along a continental margin which experienced strong 
equatorial or trade wind belt upwelling. Consideration of world- 
wide plate reconstructions for the early to middle Palaeozoic 
shows that the present western margin of North America was 
one of the few favourable sites for phosphate formation during 
this time period. Thus, the presence of marine phosphorite 
within Palaeozoic rocks of the northern Sierra Nevada is « 
sistent with arguments: which’ suggest that these rocks 
deposited near the western margin of N orth America. 4 
l translations i ne bi 
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Fig. 1 Sketch map showing lower to middle Palaeozoic petrotec- 

tonic assemblages of the US Cordillera. Generalized outcrops of 

Palaeozoic strata in the northern Sierra Nevada (NS) and eastern 

Klamath Mountains (K) are shown with no pattern within ‘oceanic’ 
assemblage. Data from refs 19, 38, 44. 


Phosphorite occurs within the pre-late Devonian (in part 
Ordovician/Silurian) Shoo Fly Complex (SFC) and late 
Devonian Elwell and Sierra Buttes Formations (EF and SBF, 
respectively) of the northern Sierra Nevada range. These forma- 
tions and their phosphatic components crop out in an elongate, 
north-west-trending belt more than 150 km in length (Fig. 1). 
The SFC comprises predominantly siliciclastic sediments, in 
part of continental derivation’, as well as minor limestone, 
dolomite and mélange**. Black shale, chert and intermediate 
to silicic volcanics of the SBF and EF* overlie the SFC with 
angular discordance*’ All three formations are multiply de- 
formed’” and were metamorphosed to lower greenschist facies 
at ~150 Myr (ref. 10). The SBF and EF constitute components 
of a middle Palaeozoic to early Triassic volcanic arc terrane 





which extends to the eastern Klamath Mountains of northern 
California'’. 

Metamorphism and intense deformation has hindered inter- 
pretation of the depositional environments of Palaeozoic strata 
in the northern Sierra Nevada. As discussed below, such infor- 
mation is critical to the evaluation of their pre-Mesozoic 
palaeogeographical position. Thus, the presence of a unique 
sedimentary feature, such as phosphorite, assumes heightened 
significance. It is, therefore, of interest to compare the Sierran 
phosphorites with well-documented occurrences of marine 
phosphates about which some palaeoenvironmental generaliz- 
ations can be made. 

Phosphate within Palaeozoic rocks of the northern Sierra 
Nevada occurs principally as nodules, and to a lesser degree as 
lenses and angular fragments within foliated black shale and 
chert. Phosphate nodules (Fig. 2a) are generally round to 
sub-round and vary in size from ~0.5 to 2.5 cm. The nodules 
are black on fresh surface and weather to a light grey to white 
colour. The porous nodule surfaces often show a crude concen- 
tric pattern with inner layers composed of darker, more porous 
materia! than outer layers. Phosphatic lenses commonly accom- 
pany phosphate nodules (Fig. 2b). These lenses are up to 2.5 cm 
thick and 1 m in length. Angular fragments of phosphate, up 
to 0.5 cm in length, are ubiquitous associates of both phosphate 
nodules and lenses. 

Phosphate nodules are composed of dark brown, cryptocrys- 
talline, isotropic collophane (Fig. 2c) with inclusions of silica 
and pyrite. Slight differences in colour, transparency and quartz 
content define a crude, discontinuous banding towards the outer 
boundaries of most nodules. Every nodule examined contains 
a characteristic black, iron-rich outer surface which is up to 
0.6 mm wide (Fig. 2c). Silica occurs as fine-grained intergrowths 
within the collophane matrix, as irregular masses up to 0.2 mm 
in size, and as recognizable biogenic remains (Fig. 2d). Well- 
preserved sponge spicules and radiolaria have been recovered 
by HCI dissolution of nodules from the EF”? and SFC’. 

The average of four microprobe analyses of nodule interiors 
from the SFC is as follows: P20, = 39.96%, F = 3.56%, CaO = 
52.04%, SiO; = 1.71%, Cl=Sr=Na,O=SO,=MgO=K,;0< 
500 p.p.m., total = 97.27% (the slightly low total could not be 
accounted for and presumably represents a small amount of 
structural OH , instrument calibration error, or both). 
CaO/P,O; and F/P,O; ratios in the SFC nodules have values 
of 1.30 and 0.09, respectively, which are close to the ratios 


Fig. 2 a, Phosphate nodules 
(white areas) within black chert of 
the Elwell Formation. b, Phos- 
phate lenses (white areas) and 
nodules (near hammer tip) within 
Shoo Fly Complex. c, Negative 
photograph of thin section showing 
the boundary between an undefor- 
med phosphate nodule from the 
SFC (left side of photograph) and 
highly deformed black shale 
matrix. -Note faint concentric 
banding within nodule and dark, 
iron-rich coating (light band in 
photo) on outer nodule surface (tip 
of arrow). Circled areas are probe 
sites. d, Sponge spicules(?) within 
SFC nodule. 
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l e origin of the concentrig banding i in Sierran phosphate 
T odules (Fig. 2c) is of interest because of the observation that 
many: recent phosphorites contain films and’ layers of 
-manganese'®. Banding within an SFC nodule was investigated 
optically. and by a 9.5-mm microprobe scan (Fig. 3) for P, F 
. and Mn from the interior of the nodule to its outer edge. Weight 
‘percentages of both P,O; and F, and thus apatite, show peak 
: concentrations 3.3 and 5.6 mm from the outer boundary of the 
. nodule with a drop in concentration in between. From 3.3 mm 
to the nodule boundary the concentration of apatite steadily 
CTE o zero with effectively no phosphorous or fluorine 
tix. Mn was not present above detection limits 
anywhere along the microprobe traverse. X-ray 

the dark outer coating surrounding the nodule 

ed it to be iron-rich with small amounts of 

a and potassium. Banding within nodule 
corresponds to differences in apatite concentra- 
rent optically that an increase in intergrown silica 

Or esponds to decreases in apatite content. The sharp 


“The pee pocition: o 
ern Sierra. Nevada with respect 
some debate” -The ‘question is 


aeisenicd with the western a m argin. va 
early Palaeozoic”! Ai ther i 


; 1 I. 

was sitüréd to? {orth Amene in the @ Triassic”. Lack of fauna 
control and the absence of relevant palacomagnetic data” 
preclude conclusive statements. regarding the site of origin of 
these rocks. Thus, less direct petrological, sedimentological and 
structural arguments must be constructed” SS 

The presence of marine phosphorites within the rock record. 
ofa particular region may have palaeogeographical implications 
if some analogy. can be drawn between ancient and recent 
deposits. It is evident that many marine environments favour- 
able to phosphate deposition in ancient oceans do not exist at 
present'*'°, However, while the oceanic and biogeochemi 
conditions which existed during deposition of. many anci 
phosphorites remain largely unexplained, several recur 
observations lead to the following | conclusions: E : 
(1) When corrected for pala omagnetic position; mos ; 
and ancient phosphorites- are found to have formed a i 
margins of continents in areas of oceanic upwelling at la 
lower than 40°=50° (refs 20,21). 2 
(2) Phosphorites which form: along the west coasts. of cont 
nents west- coast type" ‘Meposits) in areas: of trade wind be 


Fig. 4 Palaeomagnetic plate reconstructions for a,- late 

Ordovician and b, late Devonian from ref. 34. k; Present loca 

_of Sierran phosphorites with respect to North American Ge ) 
lera. Palaeoequators are shown as dashed fines. 










































































leposits, which. form: along the east-facing margins of con- 
e ants, are not generally associated with chert and black shale 
typically occur» within sandstone, limestone and 
solbenive?™ 2930 Phosphate within Florida-type deposits is gen- 
-erally found in the form of pellets, pavements, sands and cobbles 
which show. abundant evidence of enrichment by weathering, 
_redeposition and replacement of limestone??? 

= In form and lithic association phosphate deposits within 
Palaeozoic strata of the northern Sierra Nevada closely 
‘resemble west coast- or Tethyan-type deposits. Further, con- 
‘tinentally derived sandstones within the SFC’ imply relative 
proximity of the Sierran block to a continental mass during the 
early Palaeozoic. It is thus postulated that the Sierran phos- 
_phorites were deposited along the west- facing coast of a rela- 
tively large continental mass or, possibly, in a narrow east-west 
-seaway between two continents during the early to middle 
laeozoic. By analogy with the world-wide distribution of 
odern and ancient phosphorites’’*', the site of deposition 
ould have been located at a latitude lower than 40°-50°. Water 
ths may have been in the range of 100-500 m (ref. 33). 
ure 4a, b shows the world-wide plate configuration as 
: ined by Morel and Irving™* for the general time period 
sphate deposition in the northern Sierra Nevada, approxi- 
ately late Ordovician to late Devonian. The maps show that 
west coast. of North America was one of the few continental 
gins situated favourably throughout the early to middle 
aeozoic for formation of wést coast-type phosphorites as 
ost of the Gondwana continents were clustered about the 
South Pole. Other continental margins in positions favourable 





northern India. The Palaeozoic stratigraphy and structural 
evelopment of north-west Australia” and northern India” 
bear little resemblance to that of the northern Sierra Nevada*”*. 
nus, neither of these sites is believed to represent a reasonable 
source terrane for a Sierran microplate. The maps also show 
at no narrow, equatorial seaways existed during the early to 
iddle Palaeozoic, an observation consistent with the plate 
onstructions of Scotese and others” 

“he present position of Sierran phosphorites: near the western 
edge of the Cordillera is consistent with the palaeogeography 
of the North American continent during the early to middle 
Palaeozoic. If the northern Sierra Nevada was in its approximate 
position relative to North America during the early to middle 
Palaeozoic then the. phosphorites would have lain at approxi- 
mately lat. 5°-10°N during this time period. Schweickert and 
“Snyder” concluded that an ocean as wide as the modern Atlan- 
-tic may have existed off western North America by the Middle 
-Ordovician assuming spreading rates comparable with those 
salong the Mid- Atlantic, „Ridge and an upper Proterozoic 
-(<850 Myr) rifting event*’. The west-facing Palaeozoic margin 
of North America, at low latitudes and opposite an ocean 
sufficiently wide to develop circulatory gyres, was an ideal 
< location to develop phosphatic sediments, It is thus not surpris- 
ing to find phosphorites within Sierran strata if indeed they are 
indigenous to North America. 

~ The hypothesis that Palaeozoic sedinents of the northern 
Sierra Nevada were deposited on or near the Cordilleran margin 





impor! ant tectonic implications. Specifically, this hypothesis is 
en with models which suggest that the northern Sierra 
epresents part of a wholly exotic island arc terrane 
oma Orogeny’®. 


n" ? cannot ‘be tuled out, however, as the entire west coast of 
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since experienced only limited translat o n 
sistent with the observations of othe authors who kave noted 
broad . tectonic and stratigraphical sim ilarities between 
Palaeozoic. rocks of- the Great. Basin and the Sierra 
Neyadą 47A IBADA. . 
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The palàeoteimiperatnre equation. of Epstein. et Fèl. * relates the 
oxygen-isotope. composition of mollusc carbonate shells to the 





temperature in which it has been. deposited. This equation has 
been applied satensively-f to derive ‘aeons ipa and 
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hether planktonic foraminifera: tractionate 
according to the known palaeotemperature 
ne us the. validity of many palaeoenviron- 
has been questioned. We present here experi- 
ta demonstrating that planktonic foraminifera of the 
‘sacculifer deposit calcite skeletons that have an 
en-isotope composition very close to that predicted by the 
ell-known palaeotemperature equation’. 
— The oxygen-isotope composition of planktonic foraminifera 
in deep sea cores is a major tool in Pleistocene research. It 
“serves to determine palaeotemperatures, palaeosalinities, sea- 
level changes, continental climatic conditions and provides 
accurate stratigraphy for the Pleistocene. epoch?" These 
studies are based on the assumption. that oxygen isotopes in 
i planktonic foraminifera shells are fractionated according to the 
„equation of Epstein ef al.' that was determined experimentally 
aa "molluscs. Emiliani’ tested. this 5. assumptiog y comparing 










g ae sin did nöt t exceed 0. 1 °C (based on three daily 
accurate thermometer readings, and a continuous monitoring 
of temperature on strip chart recorder), Salinities were 
-monitored every 2 days to ensure that there was no water 
evaporation. The growth of the foraminifera was monitored 
daily using an inverted microscope. All individuals considered 
in this experiment reached maturity and went through repro- 
duction by producing gametes. The average initial weight of 
these foraminifers was ~5 ug per individual and the final weight 
was ~45 pg per individual, Thus -90% of the carbonate shells 
was deposited in controlled conditions. A- correction for the 
original (10%. weight) isotopic composition was made using 
control groups for which the isotopic composition was deter- 
mine ed separately. Each experiment lasted roughly 2 weeks; the 
ge of xperimental temperatures was between 14 and 30°C, 
run there were 2 or 3 different temperatures. 
idividuals that went through gametogenic repro- 
| for the final isotopic analysis, there was no 
protoplasma from the shell. During the process 
esis**, the entire organic matter has beenextruded 
he shell and the. skeleton that is left behind is 
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_culifer isotopic composition should still take into considerat 


- Intended to remove organic ¢ contaminants. 
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Fig. 1. The isotopic temperature ‘calculated: from te oxygen- 
isotope composition of the shell carbonate of the foraminifer G. pa 
sacculifer according to the modified. equation of Epstein er- al | 
AE e o the actual temparatijre i in 3 which: the foraminiters 








white, organic shatter. pee and 







using a VG602 Micromass , : Į r is 
composition was. detmine according t to y the proce (i 
pei and Os . 


























pt = 16 9- 4, 42060, >80 
where pt is. the isotopic temp 7 


tively. : l 
The isotopic temperature and: the'actual daltére: temperatu 
are compared in Fig. 1. A remarkable fit exists between th 
isotopic and the actual temperatures. The line of best fit using 
linear regression has the following. parameters: 


t= ~0.07+1.01pr 


where f and pt are the actual and the isotopic temperatures, 
respectively. The correlation ‘coefficient (r) for this linear 
regression equals 0.95. Ideally, the intercept and the slope 
should have been 0.0 and 1.0, respectively. The values. that we: 
obtained (—0.07 and 1.01) are almost identical.to those expec- 
ted, and would cause only a slight deviation of <1% in — 
palaeotemperature determinations in the range of 14-30°C. 
We therefore conclude that the planktonic foraminifer G, 
sacculifer fractionate oxygen isotopes with changing tem- 
peratures according to the modified equation of Epstein ef al.’ 
that was originally developed for molluscs. Accurate 
palaeotemperature determinations that are based on G. sae 
ior 
the isotopic composition of seawater and the vertical migr 
of this species during its ontogeny”. 73. The none r 
values that nar been observed in plankton sampli 








wn vacuum Pei of the sampla before an 
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dardization in Japa a in 19 
he “American Wechsler Lutelligence Scale for Children shows 


‘during the twentieth century. Among the younger generation 
the mean Japanese IQ is approximately 111. 

_. Several studies have indicated that the mean IQ is higher in 
Japan than in the United States and other advanced western 
nations”. 2. The Japanese~American disparity has varied in 
; different samples from 2 to 15 IQ points. The existing evidence 


E of ‘the Wechsler standardization op it Yor Ct 
constructed and standardized in the Unite 


| $. Denser, W. G., Ross, E H; Hemileben, E & Spindler, M. Peltonen Pateoctimatol. 


‘that the Japanese—American disparity in mean IQ has increased 


Set 





This test was * 
te s in the early 
1970s and was standardized in Japan in 1975. Five of the 
performance subtests were retained unaltered i in. the Japanese 
standardization—Picture Arrangement, Object. Assembly, 
Coding, Mazes and Block Design (in Block Design the last item 
in the Japanese. version has been made slightly more difficult, 
thus making the test harder for the Japanese). The Digit Span. 
subtest was also unchanged in the Japanese standardization, as 
in the previous standardizations of the Wechsler tests, Seren 
_ InJapan, the test was standardized ona representative sample 
of the child population consisting of 100 subjects at each age 
level from 6-16 yr. The standardization procedure in Japan 
followed that in the United States in matching the sample for _ 
socio-economic status to the total population. The mean raw 
scores of the Japanese samples ateachage can be read off from the 
Japanese manual, and then converted t to American. scaled scores — 
] aine the. pii merican 







































ert 





= level. The eal’ idey confirms: aris CO pee l | 
- indicating that the J sae mean IQi is higher’ than that i in | the 
United States. - 


_Examination o of thes scores obtained efi Mh Japanese o on Pi l 





on e T span and d coding toss, These pelts. a are “broadt — 
_ similar to those found in the Japanese standardization of the — 
= WISC and the WAIS. The consistency of this pattern of results 
suggests | that the Japanese may: be particularly strong: on spatii 
ability. 7 






“ Cérabining the results from the WISC- R with: those of pre- : 
vious studies we have IQ data for 27 Japanese cohorts spanning 
almost seven: decades, The series starts with the results for the 
WAIS for which the Japanese standardization sample was born 
around 1910 and concludes: with the 6-yr-olds in the WISC-R 
born in 1969. Table 2 gives the mean IQs of the 27 cohorts in 
relation to their year of birth. It is clear that. the Japanese 


cohorts born earlier in the century (1910-45) have a mean IQ 


of 102-105, whereas those born from 1946 to 1969 have a 
mean of 108-115. This suggests that the mean Japanese IQ 
has been rising relative to the American during the twentieth 
century. The secular trend is shown in Fig. 1, in which mean 
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Table 1 Japanese mean WISC-R scaled scores and IQs based on US norms 
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ih alth and nutrit on may be involved a as it fina: been 
own that the birth weight of. Japanese babies has. increased 

r the middle decades of the century“. 
Other advanced western nations, such as Britain, France, 
ne Pem. Germany, Australia and New Zealand, all have mean 





oe "Table 2 Mean IQs of 23 Japanese cohorts and their year of birth 





Year of 






~ Yearof Mean Mean l 
o birth. IQ Test -birth IQ Test. 
1910... 105 WAIS > 1959 108 WPPSI 
1936 102. WISC 106 WISC-R 
= 1937 102 WISC 1960 115 WPPSI 
1938 105. WISC 109 ~~ WISC-R 
1939 103 WISC 1961 r5 WPPSI 
1940 «102s WESC 111.  WISC-R 
i941 -102  WISC 1962 110 Kyoto 
42103 O WISC 111 WISC-R 
-104 WISC © 1963 412  WISC-R 
- WIsC 1964 111. WISC-R 
Wisc. 1965. 11L WISC-R 
WISC = ° 1966 112  WISC-R 
ooo o 1967. 112. WISC-R 
-11968 111. WISC-R 
1969 IR 


 WISC-R 


E Clayton, 3168 victoria, Australia: a Ea 


-details of method), whereas those treated similar 
hemisphere behaved the. same as untreated control 





i Whereas. nie and Ig ane have tee of their po 


tions with IQs over 130, the Japanese have ~10% at this 
Among the population as a whole, 77% of Japanese’ have a 
higher IQ than the average ‘American or. European. Since 
intelligence is a determinant of economic success, as.it is Ol 
success in many other fields, the Japanese IQ advantage may 
have been a significant factor in Japan’s outstandingly high rate 
of economic growth in the post-World War II period.. — S 
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of brain functi ion i in 1 chickens — 


Lesley I. Rogers 





Pharmacology.: Department, LM ? i University; Wellington Ro 


Ti ae of brain function has been demonstrated tor 





development cone s0 reve al 


ai Iti is 





have suggested in establi | on in th : = 
brain, because after day 17 of incubation the A is oriented 
in the. egg. such that the left eye is occluded by the chicken’s. 






wing and body while the right eye is next to the air sac and 
exposed to light input (refs 10, 11 and J. V. Zappia and L.J.R., 
in preparation). Because the optic nerves decussate completely 
and most of the information reaching each tectum is processed 
by its ipsilateral forebrain hemisphere, it is possible that light 
entering the right eye stimulates developmental processes in 
the left hemisphere in advance of the right’. If so, chickens 
hatched from eggs incubated in darkness should fail to show _ 
functional asymmetry of the forebrain. I now report that this _ 
is indeed the case for asymmetrical control of attack and copu- a 
lation. en 
Because all previous. experiments demonstrating asym- 
metrical control of attack and copulation have used only male 
chickens hatched from eggs exposed to light during incuba- 
tion, it was first necessary to ascertain that the same 
phenomenon occurred in females also hatched from- Eggs 
exposed to light, since chicks hatched in my laboratory wer 
not sexed. As found for males, glutamate (500nmol in Sy 
treatment of the left hemisphere of female chicks on day 2 af 
hatching caused elevated attack and copulation. {see ref. 
ain th 










































` detected in the contralateral for brain hemisphere"? aa ` Thus, | 
wit is during the last 5 ‘days of incubation that light exposure i 
should affect brain: asymmetry, and this is in fact. the case. In 
a matched control experiment, one batch of eggs was incubated 
in darkness for the first 16 days of incubation and then exposed 
: ; A to light of intensity varying between 100 and 500 Ix during the - 
“Age (days) 3 ee aan  Jast 5 days; another batch received the reverse treatment. The 

| former treatment causes lateralization of atttack and copula- 
tion, the latter does not (see Fig. a | 











bi 1 Female chicks, s, supplied se a eos in | which the © eggs : eo a 






treading. swith’ pelvic aati for ke pe " Repreeats a 
females treated with glutamate in the left hemisphere, and on 
very. day of testing, their scores are. significantly. (P<0,002, Ù- 
sts) elevated above those for females treated i in the oy ~ | 








nal saline. There a 8- 10 animalsi in each group. 







|Attack 


7 > eni data for foring 
for each group). A, A, T 
ees O, Ot | 
























‘asymmet control c o and a x 
tion E Fig. D ay sensitive period for. this effect seems to have ~ 
» passed by the time the chick pips the egg shell on day 20 because 

no asymmetry for attack and ‘copulation was present in chickens 
hatched from eggs: exposed to light from. the time of Pipping : 
onwards (~24h) 

“As shown by the standard errors in the figures, the data for ? 
those groups of chickens hatched from eggs which had-not 
received light exposure. during the sensitive period were more 
variable than those of the lateralized groups (P=0.001 fora 

comparison of the. attack and the s copulation ace res on days n 
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(P= 0.00 pons ot he rig ht- 
is) after 2, 3, 4 and 48-64 h- Tight 
ation, but not after 1h on the same 











left or rrighi i hemiiphete. 
about day 19 of incubation, when the. visual AN 
een the tectum and the Wulst area of the forebrain are 
becoming functional, asymmetrical light input may synchronize 
the direction of functional asymmetry in the population, per- 
haps by stimulating blood fow to the left hemisphere in 
response to neuronal activity“ and increasing protein syn- 
thesis’ or some other metabolic process. The direction of 
asymmetry for attack and copulation therefore seems to be a 
consequence of the. orientation of the embryo in the egg. 
Denenberg”’ has reported that asymmetry of hemispheric 
function in the rat is enhanced by the experience of handling 
in early life. In this case environmental experience influences 
the degree of asymmetry, differing from the chicken data in 
which light experience seems to affect the direction but not the 
Tele esha both sen bad illustrate that 
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Is oxytocin an ovarian hormone? | 


D. Claire Wathes & R. W. Swann 


Department of Anatomy, The Medical School, Vaney of Bristol, 
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DIN basal levels after Imteoiys seria ian time whee o oestradi 
178 titres are known to rise'’. Therefore, there may exist 
different controls of reflex release and basal secretion of oxy- 
tocin, and our discovery of large amounts of oxy ocin within 
the ovine corpus luteum reported’ here may provide an expla- 7i 
nation. iS 

Peptides were extracted: from ovine corpora lutea using the 
method developed by Walsh and Niall”? for the isolation of- 
porcine relaxin. The crude extract was applied to a Sephadex 
G-50 column. While testing the fractions from this column for - 
relaxin-like activity in a rat uterine strip bioassay, it became 
apparent that some fractions were stimulatory rather than — 
inhibitory. A similar finding has been reported previously in 
the cow'’. The fractions were therefore measured by RIA for © 
cross-reactivity with oxytocin (Fig. 1). A single peak of oxy- 
tocin-like immunoreactivity eluted between 330 and 400. mlin — 
a position corresponding to that of synthetic oxytocin (Syn 
tocinon. Sandoz). Dilution curves of material from this peak. 
(henceforth referred to as luteal extract) showed parallelism 
with the oxytocin standard curve (Fig. 2). HPLC analysis of th 
extract revealed oxytocin immunoreactivity eluting in a positi £ 
identical to that of synthetic oxytocin (Fig. 3). 

Luteal extract was tested for oxytocin in two.b ass 
concentrations calculated from the RIA results to: 
to the se standards. In : a rat milk t Gjection 








































ie cin, The yield of oxytocin zs 
fata the c ovaries 5 of nonpregnant Treen was 2.6 pg perg of = 
luteal tissue. whereas the yield from regnant sheep was. only- ORLE AR 
34 ng per g- As the average weight of ovine corpora lutea i IS! 2) Ree oe, 
~-~+0.5 g and because there are normally 1-3 corpora lutea per = 40 








animal, a non-pregnant ewe in the luteal phase. of the oestrous ay > 
“gycle has ~2.6 ug of ovarian oxytocin. Lederis'* calculated that ; 
the posterior pituitary and hypothalamus of the sheep together X 


< contained 18.2 pg oxytocin. Thus ovarian oxytocin represents. 20 
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Fig. 2 Dilution curves: for „oxytocin eses s © and two 
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no significant. cross-reaction hi: agii en vasopressin, arginine- : 
vasotocin or the rat neurophysins. “““I-oxytocin, prepared by the 
chloramine-T method, was: purified - by chromatography on 
Sephadex. G-25. The 4th International Standard for oxytocin 
i j USI 5 75) was used asa referënce preparation. 




















i5% of the: ‘total. ypeithalaiie-ieigohypophysial store of 
-hormone in the non-pregnant ewe during the luteal phase and 
0.2% during pregnancy. | | a l 
Although it is possible that the presence of ‘oxytocin in the "auae Ienn ia BAr 
ovary reflects its uptake from the blood, the high concentration | j z 

-of hormone suggests that it is synthesized there. However, proof 
- of this hypothesis awaits the results of further experiments such 
-AS incorporation studies. If oxytocin: is synthesized in a similar 


Oxytocin ing per tube) = oo 


*,, Acetonitrile | 





ta 20 40 60 80 
manner in the ovary and brain, one would also expect to find | . Tube no, 


Fig. 3 Profiles ébtained fl coe are standard (a) or ovine. 
~ luteal extract (6) to. tH x Model 322) and 
measuring’ aliquots of | ‘ae Bilin : 
Chromatoprapty wa perfor 










an. aiaa bathe aaah ye were unable, to aed oF o = 












“respectively, using this gradient system. | 










tea ells ‘into ‘similar granules uing 
e pig and rat??? 

ry of oxytocin in the corpus luteum raises a 
estions. Tf oxytocin were principally involved in 
of PGF,,, release at luteolysis, one would expect its 
T ation to peak shortly before the normal rise in PGFza 
xytocin levels decrease at about this time®. McCracken’ 

yas proposed that a rise in uterine oxytocin concentrations 
induced by oestradiol-178 is the first step in luteolysis but 
3 oestrogen levels similarly do not rise until progesterone con- 
centrations have started to decline’*. Thus the role of oxytocin 
-during the oestrous cycle remains undetermined. 
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: k cobaneement i is ‘unclear. Two o proses pepathoaes are 
facilitation of excitatory transmitter action’ and a disinhibitory 
action in which noradrenaline inhibits inhibitory inter- 
neurones’. The olfactory bulb is ideally suited for studying the 
cellular action of noradrenaline because the neuronal circuitry 
-is relatively simple. Using intracellular recording techniques we 
have now found that noradrenaline attenuates the inhibitory 
feedback onto relay neurones, thus facilitating their firing, while 
glutamate and aspartate augment the inhibitory feedback. 

The olfactory bulb has two major cell types: mitral cells, 
which relay signals to the cortex and granule cells, which are 
inhibitory interneurones. The interaction between these two 
types of cells involves a reciprocal dendrodendritic inhibitory 
pathway’ "5, Briefly, impulses in mitral cell dendrites release 

-excitatory transmitter (probably aspartate’) onto the dendrites 
_ of granule cells which, in turn, release the inhibitory transmitter, 
ybutyric acid (GABA) back onto mitral cells. In addi- 
olfactor y bulb receives a massive input of centrifugal 

EN contain noradrenaline’’. As some of 
y ; contain spherical vesicles similar 
e acidic amino acids glutamate 
i rotransmitters in centrifugal 
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Note added in proof: m 
HPLC and RIA studies using bovine corpora iatea have shown.. 
that both oxytocin and bovine neurophysin | are presentin the i 
ovary in this species too. - 
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fibres. The observed close approximation of the. ce 
synapses to the reciprocal synapses suggests that they ma 
to change the gain of the reciprocal inhibitory pathway, 

Standard intracellular recording techniques were used a 
present study and are described in detail elsewhere'*'’. Briel 
turtles (Pseudemis scripta elegans) were decapitated and t 
gaat bulbs removed es bemisected. The ee 
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Fig. 1 Effect of noradrenaline (NA) on synaptic inhibition of 
mitral cells. a, Extracellular field potentials recorded in the granule 
layer to mitral cell axon. stimulation. The superimposed records 
on the left show the conditioning response and the test response 
elicited 8 s later. The records on the right were obtained 20min |» 
after switching to a Ringer containing 5 uM noradrenaline. Posi- = 
tivity is up in this and the following figures. b, Graph of responses 
partially illustrated in a. The amplitude of the conditioning = 
response (ordinate) is plotted against the amplitude of the test. - 
response (abscissa) obtained with a series of stimulus strengths. 
@, Control responses; ©, responses obtained in the presence. o! 
noradrenaline. c, Top trace: continuous intracellular record © 
orthodromic a and D i. P. S. pen in control, Super 


























mate (pH 8) or TM sodou aspartate (pH 8). 

Stimulation of the olfactory nerves or the sutra cell axons 
results ina complex of field potentials that can be recorded in 
the olfactory bulb. The largest wave recorded in the granule 
cell layer represents the excitation of granule cells'*'*. Such 
timulation results in a prolonged inhibition of the same wave 
evoked by a second identical stimulus. This paired pulse inhibi- 
tion is an extracellular measure of the inhibitory postsynaptic 
potentials (i.p.s.ps) produced in a population of mitral cells that 


















< synaptic pathway'*'*, In all-five experiments the addition of 
-= noradrenaline to the superfusate decreased this paired pulse 
-inhibition (Fig. 1a), indicating that activation of the dendroden- 
_ dritic inhibitory pathway was, at some point, decreased. This 
-effect was more pronounced at moderate and high stimulus 
< strengths (Fig. 15). Noradrenaline also depressed the amplitude 
< of the field potentials and therefore, in Fig. 1a, the stimulus 
‘strength was increased to evoke a conditioning response iden- 
tical to that in the control. 

; It has been demonstrated with intracellular recording from 
tral cells that the i.p.s.ps are GABA mediated, chloride 
pendent’*'* and can be evoked by a Single action potential 
a mitral cell'®"”. In the present experiments in control condi- 
ns, a number of mitral cells displayed successive spontaneous 
ion potentials with intervening i.p.s.ps (Fig. tc, top trace) 





ilar inte which was detefmined va the amplitude 
ecay y of = S. Ae When the BT was 
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neither resting rembang Potential n nor Membane resistance 
of mitral cells was s affected A GRACES GARE, its site of action 






iminution of the i i.p.s. p in the presence of tetrodotoxin 
“Op row: oscilloscope records of calcium spikes 
: ), after 15min of superfusion with 100 uM 
oradrenaline, and after 23 min of washing in tetrodotoxin. Bot- 
‘tom row: simultaneous pen records of i.p.s.ps following calcium 
spikes. Resting potential was —60 mV throughout. The voltage 
calibration bar represent 1 nA for the current trace. 
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result from the activation of the. dendrodendritic reciprocal 


ontrolled the spontaneous, action Pete) prequency, 


The diminution of the i P. S. p- could be due to the action of | 



























Fig. 3 Noradrenaline is not a GABA antagonist. The records 
on the left are the controli.p.s.p. (top) and control GABA response 
(bottom). The records on the right were obtained 24 min after the 
addition of noradrenaline (20 WM) to the superfusate. GABA was 
applied with a current of 80 nA. Resting Pena was — 54 mV 

dga 


by blocking calcium entry (see refs 23, 24) into. ‘mitral cells. To 
examine this question further, the effects of noradrenaline were 
tested on-mitral cell responses in the 
The calcium spikes that can be elicite 
tetrodotoxin'*""’ were not reduced by. ‘concentration 
noradrenaline up to 100 pM. while the i.p.s.p. Ww 











substantially (Fig. 2; n= 3). Furthermore, this b obser- 
ved in cells in which spike threshold was unaltered. = 


Next, by iontophoresing GABA onto mitral cells we tested 


-the possibility that noradrenaline might attenuate i.p.s.ps by 


blocking the action of the inhibitory transmitter. However, 


_ concentrations of noradrenaline that markedly reduced the size 


of the i.p.s.p. did not affect the iontophor fie GABA Tesponse 
(Fig, 3; n = 4), Thus, we conclude that th nary 
of noradrenaline. is on the granule. gell. TË kas been reported 
that noradrenaline can enhance the action: of GABA in the 
cerebellum’. We did not see such an enhancement, although 
small increases could have: gone undetected. However, as shown 






above the overall effect of noradrenaline on synaptic inhibition 
-in the offactory bulb is depression. 


In contrast to the actions of noradrenaline, iontophoretic 


glutamate enhanced thè amplitude and duration of i.p.s.ps 


evoked by spontaneous action potentials (Fig. 4a; n= = 3), This 
prolongation decreased the frequency of spikes without a 
change in spike threshold. When the iontophoretic current was 
increased, complete cessation of spontaneous action potentials 
occurred concomitant with a hyperpolarization of the mem- 
brane potential and a decrease in membrane. resistence (Fig. 
4b). Very short but intense ejections of glutamate resulted in 
fast hyperpolarizations associated with decreases in membrane 
resistance. Both effects outlasted the iontophoretic pulse and 
took the same form as i.p.s.ps (Fig: 4c). This hyperpolarizing 
action. of glutamate could be observed ‘in the presence of 
tetrodotoxin (Fig. 4d). However, after the addition of the 
GABA antagonist, bicuculline (Fig. 4d), or after blockade of 
synaptic transmission by cobalt, glutamate evoked a depolariz- 
ation (7 = 8). This indicates that the direct action of glutamate 
on mitral cells is a depolarization and suggests. that, like the 
action.of noradrenaline, glutamate acts on mitral cells primarily 
by modulating the release of GABA from granule cells. 

Our observations ‘suggest: ‘that nora renaline and also 
enkephalin” decrease ‘the ip. s.p recor n mitral cells by 
acting on granule cells, causin then SS GABA in 
repone to the same 
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70nA 


j e)and 20 ) ede of 0, a nM Bicucul- 
: methiodide (BMD, (bott m trace): Resting potential was 
5 ia 55 mV. 





-The kýperpólarižing action oF uine. and aspasiaté on 
“mitra cells has been shown to result from the release of GABA 
- from granule cells: This is. presumably due to a depolarizing 





: action of the amino acids on granule cells. The fact that doses _ 








_ of excitatory amino acid below that which caused the release 
_ of GABA still enhanced the evoked release of GABA suggests 
a that subthreshold depolarization of granule cells facilitates exci- 
P tation-secretion coupling. This result agrees with recent findings 
: in invertebrate neurones” 

In conclusion, it is proposed that Henane enkephalin 
and glutamate alter mitral cell excitability primarily by indirect 
actions; noradrenaline and enkephalin block GABA release 
from granule cells, whereas glutamate enhances GABA release. 
The granule cell, then, is the final common pathway on which 
the centrifugal fibres and their transmitter candidates exert 
presynaptic control and thereby modulate the flow of informa- 
tion through the olfactory bulb. Such a disinhibitory role for 
noradrenaline in a sensory pathway fits well into the aie oti 
role of the locus coeruleus noradrenergic system in arousal’! 
a behavioural state associated with enhanced neuronal respon- 
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been established as the mechan ism for t the release of me brai jê- 
bound secretory products from various exocrine, endocrii 
neural ceils’. This has also been shown to be the. case it 








system’. The secretory granules of mast cells contain 
mediators’, some of which, such as histamine, are known to 
participate in many immune reactions and allergic dise 
Because of mast cell involvement i in these. clinical: syndromes, 
as well as the role of histamine. in gastric acid secretion’ and 
possibly in brain pathophysiology’, there has been great interest 
in the pharmacological modulation. of histamine release from — 
mast cells”. Serotonin is also stored in mast cell granules of . 
several species but much. less is known about its secretion. - 
Because histamine and serotonin may have divergent functions — 
in delayed hypersensitivity*”, we hypothesized that these 
amines could undergo differential release. We now report that 
the tricyclic antidepressant drug amitriptyline (Elavil) inhibits - 
histamine release from stimulated mast cells while permitting 
the release of serotonin. In these conditions, exocytosis of. 
secretory granules is largely prevented, but serotonin is released. ie 
by an unknown process which still requires calcium and meta- 
bolic energy. The ability to secrete differentially expands the - 
physiological potential of the mast cell, and suggests that release- 
of serotonin may not always indicate mast cell secretion. via 
exocytosis of secretory granules. s 

Rat peritoneal mast cells were collected, purified (90% 
purity) and incubated as described previously”. Mast cells that. 
had been preincubated with *H-serotonin to load them with 
this releasable amine!' and then incubated with amitripty 
(10°’-10°* M) for 5 min showed depressed histamine re 
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Ruthenium 


‘Amitriptyline © Histamine. | 





Serotonin redsstaining 
- (M) 48/80 IgE +Ag. 48/80 IgE+Ag 48/80 IgE +Ag 
3) 40£9 8344 4646 836 | S241 
107 704 3827 8345 454R 8247 S045 — 
1G 65+5 30 +8 7T8t6 3826 7945 4146 
§x10° 59246 2145 T53 377 68t6 3524. 
107 403 17 +6 744 3945 S744 2843 
5x10 27423. 1244 > 7243  34+3 H3 133- 
10% 11#2 7e4 765. 3942 193 >- Ol 
Inhibition of secretion (% total) 
1074 RS 83 8 15 77 83 





“> Effect. of amitriptyline on mast celi release ‘of histamine. and serotonin. Mast 
© cells (90% purity, 10° cells mi `°} were first incubated in HEPES-buffered Locke’s 
solution’ with 5 wCiml? *H-serotonin {29.8 Ci mmol”'; NEN) for 1 hat 37°C, 


Smin, followed by an additional 5min incubation with compound 48/80 


(1:1,000 dilution) and ovalbumin (Ag, 100g mi’) in the presence of phos- 
phatidylserine (100 uM). The histamine released was assayed Auorometrically** 
"while the serotonin released was measured by liquid scintillation counting’, both 
in duplicate portions. Ruthenium red (0.005%) staining. of mast cells was perfor- 
“med as described previously'*. Spontaneous release was 1.8% for serotonin, 
3.6% for histamine. Results represent the mean E8, d. of five separate determina- 
tions. 


but nearly analieeed serotonin release when stimulated either 
nonspecifically with the classic mast cell secretagogue'* com- 
und 48/80 (1 ug ml“) or immunologically by addition of 
000 dilution of mouse. ascites fluid from an IgE antibody: 


: 100 uM ‘phosphatidylserine (T: able. D. When 

re performed with unpurified. peritoneal cells 
lls), higher concentrations. of amitriptyline were 
differential release. Exocytosis of secretory 
ee a selective staiñing with ruthenium Fed 





















f nule- core; binds t to ad: stains ae on ates aint 
the extracellular fluid'*. This assay showed that depression 
histamine release by amitriptyline was accompanied by a 
ubstantial reduction in apparent granule exocytosis (Table 1). 
o examine the requirements necessary for the release of 
erotonin but not histamine, mast cells were preincubated with 


-deoxyglucose (5x 10°*M) for 30 min followed by amitripty- 
line and then compound 48/80, or IgE and antigen as before. 
With calcium depletion or deprivation of metabolic energy, 
< serotonin failed to. appear in the supernatant (Table 2). Thus, 
«differential release of serotonin seemed to be calcium and 
-energy dependent. 
Although histamine release has been the traditional measure 
of. mast cell secretion, release of radiolabelled serotonin— 
. presumably. incorporated into mast cell granules from the 
extracellular medium—has been used increasingly as an alterna- 
tive means of quantifying mast cell secretion because of its 
simplicity and sensitivity, and because it has so far been shown 


No inhibitory drug 
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nek ge Serotonin 
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ae CaP energy o — Ca** energy 
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and was >94%,. Results represent the mean +s. d. of five separate determinations. 


: -and were then incubated: (10° cells per tube} with 0-107 M amitriptyline for .- 


ae (1 pemt}) or 30 min incubation with anti-ovalbumin hybridoma IgE antibody 


ither EDTA (5x 107° M for 2h) or antimycin: A(10°°M) and st ce ¥ ‘const 
| seen iñ op and ianea hyperse 





1245 
_ 3628 943 72 9+6 


Effect of energy or aun deprivation o on differential release of serotonin in the presence of amitriptyline aid" aed 
pe ml) or IgE antibody plus appropriate antigen. as described in Table 1 legend. Mast cell viability was: tested with: the: Trypan 






oe which i it could be displaced without xocytosis of secretory * 
granules, we used a HPLC system to a ndogenous (pre- 
formed and granule-stored). serotonin both in supernatants and 
in cell pellets of mast cells stimulated to secrete by compound. 
48/80 in the presence of amitriptyline (10°* M). In conditions 
where there was only ~11% release of histamine and 19% 
staining by ruthenium red (Table 2); there was ~67% release 
of endogenous serotonin. These results show that activation of - 
mast cells in the presence of amitriptyline resulted in ‘similar 
release of both exogenous and endogenous serotonin. 

Data from three previous studies suggest that serotonin may - 
indeed be secreted differentially from. mast cells", Other 
studies have reported that different mast cell secretory products 
may be packaged either in distinct granules or in other cytoplas- 
mic components from which they may be: mobilized separ- 
ately”? However, as’ serotonin and histamine are both 
thought to be stored in the secretory granules of mast cells, it 
is necessary to postulate’ a mechanism whereby serotonin, and — 
not histamine, could be. transporte inules to the | 
cell exterior. Iti is possible tt thats i serotonin 


































transport m mechanistn hes onde’ been Seg pa vail pig 
arco and we have identified. ae 3 teins in rat basophil — 









tivity disease inecha- 
nisms, and is often used to raise doubts: about the Physiological 
usefulness of such a dramatic reaction®'*, 

. Our present finding, that there. may be a way of triggering 
the selective release of mast cell mediators, is also supported 
by recent in vive work. In these experiments, immunized mice 
were challenged with antigen and developed skin swelling 
responses associated with mast cell degranulation, release of 
serotonin and formation of gaps between endothelial cells”. 
However, mice treated with pargyline—another drug permit- 
ting differential secretion from mast. cells**—showed no mast 
cell degranulation but had skin swelling and evidence of . 





Table 2. Energy and calcium dependence of differential release of serotonin 
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Mast cell secretion (% total) 
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Histamine — 0. | Serotonin | le ` Staining: 
No No . Bs No Noe: = No No 
Ca? energy = a | CH energy i > Ca?* energy 
441 742: giay 942. 843° 341 541 
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y di onstrated "ability of ‘mast cells te to 
| es in well localized areas of their plasma 
in pores that. mast cells could participate in 
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Fesponses ' were noted wher o 


and NP-keyhole limpet haemo , pyar an nk (I 


However, these hybridoma 


On when administer 


aa B6-CSD- 52 Hybrids. deinoastrated | NP-specifie 6-CSD 


responses when transferred with NP-coupled C57BL/6 spleen 
cells, but failed to respond to. trinitropheny! (TNP)-couplec 

C57BL/6 spleen cells or NP-coupled proteins. Significant levels 
of footpad swelling were elicited after local injection of as few 
as 10° hybridoma cells plus antigen. Injections of 10* or 10° 
hybridoma cells resulted in larger swelling responses, while © 
injection of 10° cells gave swelling responses only slightly larger 
than those induced by 10° cells. In contrast, when 107+ 10! 


Table 1 Specificity of hybridoma CS effector cells 
Hybridöma 
cell line 


BW5147 
B6-CSI-1 5 


Challenge antigen 
NIP-~BGG BGG NP-cells 


1.0+0.6 0.3+0,3 1.5+40.6 
8.31.7" 6.0+0.6* 0.6+0.3 0.8+0.6 
831.5" 7.3% 1.5" 0.3+0.3 1.50.9 
09813 NT NT 0.3+0.7 
0.9406 — NT | NT 8.0+0.6* 
0.90.9 NT NT 8.3+0.3* 
1340.6 ONT NT 8.3£0.3* 


NP-BGG NIP-cells TNP-cells 


0.3+0.9 


B BW5147 cells or hybridoma | cells were . mixed with 40 ug NP-BGG, NIP-BGG, BGG, or 5x 108 NP-, NIP-, or TNP-conju 
lls, and these were then injected into the left footpad of C57BL/6 recipients in 25 ul Hanks’ balanced salt solution. Fi 
d às the difference in footpad thickness between the left and right footpads 24 h after antigenic challenge, is recorded 
groups each contain 4-5 mice, NT, not tested. f 
V shing response ean 01). 
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~cellline ` “thy: t. r Thy H-2D" 
-BWS147 000 8 T ao he 
: B6-CSI-15 98 OB 84 
B6-CSI-78 9B OK 
_B6-CSK-21 98 98 74 
~B6-CSD-35. 100 98 73 
= B6-CSD-52 98 7 78 
_B6-Ts,-3 98 5 84 


hybridoma cells were given. intravenously (i.v.) and the mice 
were challenged with antigen in the footpads, no swelling 
‘response was observed (data not shown). This may be due to 
the failure of the hybridoma cells to properly migrate to the 
ite of antigenic challenge. However, note that the use of a 
ocal transfer system has limitations: as helper* and killer*” 
cells.can also induce delayed inflammatory responses, it is 
“dificult to determine whether these hybridoma cells are CS 
ffector cells or represent hybridomas derived from distinct 
ell subsets. This ‘may be a semantic problem’. 

us reports’” have indicated that] NP-specific CS effector 




































Us vere thera distinguish, byi niicrooytoxicity testing” using antisera 
ctive with Thy- 
derived from the CS7BL/6. parental strain. The AKR (H-2*, 





-Igh’) origin, were used as controls. All the lines carried the 
BW5147-derived. Thy 1.1 marker (Table 2), as shown by the 
high percentage of lysis observed after treatment with mono- 
clonal anti-Thy-1.1 antibody and complement. Most of the 
hybridoma clones also carried the Thy-1.2 marker derived from 
the spleen cell donors. The B6-CSD-52 and B6-Ts;-3 lines 
‘were exceptions—this may be due to the loss of the chromosome 


anti-NP® idiotypic antisera’ >€ 
derived Hite “bearing EA 6 mice cross-reacted | 


used_as controls. Only 


1-, H-2- and Igh-V-encoded determinants 


-Igh*)-derived BW5147 thymoma cells and the NP-specific 
uppressor T-cell hybridoma line B6-Ts,~3 of C57BL/6 (H-2’, 









a ue ae Mouse 

o E D nnn immuno- 

I-A? m NP? GA globulin 
5 0 oy: Oy 1 
0 “3 24 Pi 0 
3 ‘2 4 30 0 
7 2 3 2 2 
6 2 2 a 0 
5 2 > 0 0 
0 53 31 0 0 





ee “Monoclonal hybridoma anti-Thy-1.1, -Thy-1.2 (NEN) and -I~A” antibodies (Dr T. Springer, Sidney Farber Cancer Institute, Massachusetts), 
conventional anti-H-2D" (A x 18R)F; anti-B10) and anti- I-J° (SR anti-3R) alloantisera, guinea pig anti-NP” and anti-CGAT idiotypes, and 
_ polyvalent guinea pig anti-mouse immunoglobulin antisera (prepared as detailed elsewhere’) were used, together with predetermined optimal 
= concentrations of rabbit complement, to lyse the hybridoma cells. The results are expressed as. per cent specific lysis and represent pooled results 
> from. 2-6 experiments. Less than 15% lysis is considered insignificant. The B6-Ts,-3 T-cell hybridoma line was used as a control. Characterization 
of monoclonal Ts; suppressor cells is detailed elsewhere”. CGAT is the common idiotype on anti-GAT antibodies 


1 


carrying the Thy-1.2> gene". All the C57BL/6-derived 
hybridomas specifically reacted with anti-H-2D°. antisera. 
However, none of the. hybridomas _ demonstrated significant 
reactivity with monoclonal anti-I-A° or conventional anti-I-J° 
antibodies’. The cytolytic activity and specificity of the anti-I-J° 
antisera described previously’ were confirmed: Py tenne the 
l-J *-bearing B6-Ts; 3 hybridoma s supp pr n 








hybridomas, the cells seis wai 






in guinea pig mi 








associated. with anti-GAT ae Ala? T yr®)) antibodies”? 
and polyvalent guinea pig anti- -immunoglobulin antisera were 
he B6-CSI-15 and the control B6-Ts,-3 
hybridoma lines demonstrated specific lysis with anti-NP° anti- 
sera, All cloned sublines of B6-CSI-15 also demonstrated 
<50% lysis withanti-NP” antisera, suggesting. that the idiotypic 
receptor is poorly expressed. Similar findings were reported for 
the idiotypic receptors on suppressor. cell hybridomas'’. In 
addition, note that only one of the four hyt ridon a lines which 
cross-reacted with NIP hapten (Table 1) carried -detectabk 
levels of NP*-related idiotypic determinant ‘indicating that at 
the T-cell level, NIP cross-reactivity does not correlate with 
the presence of. NP idiotypic determinants. These results are 
also consistent with data which indicate that B6-derived CS 
effector cells are generally not susceptible to complement- 
mediated lysis with anti-NP° antisera (unpublished data). 

The hybridoma CS effector lines were further distinguished 
by evaluating the genetic restrictions of activation. The B6-CSI- 
15 and B6-CSI-78 hybridoma lines only demonstrated NP- 
specific reactivity when transferred into I-A” -bearing recipients 
(Table 3), Thus, transfer of B6-CSI-15 and B6-CSI-78 cells 
together with NP-BSA yielded significant. footpad. swelling 
responses in I-A®-bearing C57BL/6 and B10.A(5R) recipients, 
but not in strains lacking an J-A subregion derived from the 
H-2° haplotype. In contrast, when B6-CSK-21 cells were trans- 
ferred together with NP-coupled syngeneic spleen cells, footpad 



























‘Hybridoma -B10.A(5R) B10.MBR 






- Challenge 

-Celllines o; ue antigen. bbbkkeddd bkkkkkką 
PE SA = ROO: 1.00.4 
T3814" 1.0+0.9 

9841.4" 1.34£0.6 

O8t0.5 0.8+0.3 
= l “40 842.3% © 9.8 1.4* 

NP-cells if a 0.50.6 0.50.6 

Sa P-cells: Si 2. 5+1 0 0.5% 1, 0 








Table 3 Genetic restriction of hybridoma CS effector cells 


wiih ie Sastre EEE AERE NEEE AN SPERE E ENS a AA ASEA DN AN OEE ad dense AE 















Recipient strains 

BIO A4R) PAIR. BI1O.A CCSTBL/ 6 
kkbbbbbb = dddddddb. akkkkkdda ` i a x bbbbbbbb 
1.0+0.7 iT “1,340.6 
0.34 1.3 15.0 + 1.6* 
1840.9 _. 10.5 + 1.6 
NT 0.30.3 
NT 9.8+0.8* 
NT. 17.0+ 1.8" 
NT 9.0 + 1.0* 






ee Table 1 legend for protocol. Resipients received 5x <10° syngeneic hapten-modified spleen cl i Be a 


determinant 































BL/6-derived B6-CSD- 35 and B6- CSD-52 
onstrated NP-specific responses only in H-2D- 
~2]-) compatible C57BL/6 and B10.A(2R) recipients. 
. present series of H-2K-, H-2I- and H-2D-restricted 
T-cell hybrids are specific for the same haptenic determinants. 
‘Although all the hybrids are NP-specific, the B6-CSI lines do 
not react with NP-coupled cells and the B6-CSK and B6-CSD 
lines fail to respond to NP-coupled proteins. This may reflect 
the interaction requirements for activation of H-2J-restricted 
‘hybridomas by cells which process and present antigen, while 
the H-2D- or H-2K-restricted cells may. be activated by a 
different kind of antigen association” '*'*. These data support 
he, hypothesis that activation of the H-2K- and H-2D- 
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We report. here. experiments which, in contrast to recently 
g mewy date y ; Suggest | that D ie speri lethal doses 








macrophage bioskiag. pe puch a as 4 dextraty aaea nor is 
using C3H/HeJ mice having inborn macrophage defects. This 
discrepancy can be explained by the ineffective killing of bac- 
teria at 56 °C, resulting in injection of small numbers of viable 
bacteria; such doses are normally subinfective and do not pro- 
vide immunity. Blocking of the macrophage system by dextran 
sulphate’, ‘however, or use of C3H/HeJ mice with inborn 
‘macrophage defects’ renders these doses fully infective, hence 
providing subsequent protective immunity” - 

-'L. monocytogenes, serotype 4b, was cultured in tryptose broth 
at 37°C for 16h. The virulence of the strain was maintained 
by continuous passage in mice of the same strain. as-used for 
the experiments. Viable counts of bacteria in broth, dilutions 
and spleen homogenates were determined using 10-fold dilu- 
tions on to agar, Dilutions, where necessary, were made in 

sterile 0. 9% drag tofer saline { ERS pn 7. 2. 






















a le NMRI (Han ny 8-121 weeks, 
o two. groups; one group ‘received 
ection Ob 30 Png dextran b sulphate 500 





P restr 






ted effector CS hybri 
dent, as are the interactions of Moned or hybridoma cyt yt 
T effector cells, i 

The series of NP-specific fiybridaras isolated and destithed 
here provides a very useful tool for analysing antigen recepto 
on T cells. Further analysis of these hybridoma lines may help. 
to elucidate T-cell function, including analysis of the signals — 
required for cellular activation; comparisons of the products 
released after antigen activation and determining whether these 
cells mediate multiple T-cell functions (for example, whether _ 
H-2I-restricted hybrids may provide helper activity or whether 
the H--2K/D-restricted cells function as killer T cells). Experi- a: 
ments are being done to address these issues. : ous 
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(DS 500) per kg body weight i day before infection’ (Pha 
macia). Viable counts of the bacterial suspensions reveale 
five independent. experiments, between 7.5 x 10° and 8.0.x 10° 
L. monocytogenes per ml, resulting i in infective doses between 
1.5x10' and 1.6x 10 bacteria per mouse. The time depen: 
dence of bacterial killing at 56 °C is shown in Table 1. 
The time course of infection of mice was followed by counti: 
bacteria in spleen homogenates at different times after infectio 
As can be seen from Fig. 1, 1.6 10" bacteria per mouse d 
not result in detectable viable bacteria in the spleens, witho 
further treatment. Challenge of these animals 1 week later wi 
an i.p. injection of 20XLDso (lethal dose for 50% of-tl 
population, 4.5 10°) L. monocytogenes led to the death of < 
animals during the subsequent 5-day observation period. Figu 
1 shows that the second group of mice, which were treated wi 
the macrophage blocking agent DS 500, became infected after 
i.p. injection of only 1.6 x 10? bacteria. The course of infection 
resembled the normal course of experimental listeriosis”. Sub- 
sequent challenge of these animals with 20 x LDso of viable Le 
monocytogenes revealed protective immunity as only one of ard 
eight animals died within the period of observation. _ og 
The second experiment used C3H/HeJ and C3HeB/FeJ,. 
male mice (24-28 g; Jackson Laboratories), which have an 
‘intrinsic adjuvant’ (ref. 1). Earlier studies have shown. that- 
C3H mice belong to a group of mouse strains that are suscep- 
tible to infection with L. monocytogenes, a phenomenon thought 





















































Table 1 Killing of Listeria monocytogenes at 56°C 





Incubation time Viable bacteria 


(min) per ml 

0 3.5% 10° 
30 2.8x 10° 
40 2.8x 10° 
50 8.0x10! 
60 1.210? 
70 2E 2.0 x10 

80 a 0 
40x10 


T broth. The broth was noubates: in a 56 Cs 
chilled to 4°C before the viable count was petotna 









log bacteria per spleen — 





Days after infection: 


Fig. 1 ‘Course. of infection with Listeria monocytogenes in DS. 
~. $00- treated ‘mice: Female NMRI. mice were. injected ip. with 
1.6% 10° viable L. monocytogenes. ©, Animals given no additional 

treatment; ©. animals injected ip. with 50mg DS 500 per kg 
body. weight on day 1 before infection. Seven days later, all mice 
“were. challeng ji (4. 5x107) viable. L. 
-< -monocytogenes nts the mean +s.e.m: of 
= five spleens. * Proportior ad at-end of observation 

































3 be mediated o. ‘single daioni gene, Lr’, The HeJ 

bstrain of C3H mice has a macrophage defect? which renders 
highly. susceptible to facultative intracellular parasites such 
Salmonella typhimurium”. Consequently, the i.p. LDso was 
210" Lo “monocytogenes compared with 2.3 x 10* for 
eB/FeJ mice. Both mouse strains were infected with a 
spension of bacteria produced as described above. The doses 
viable bacteria were fully infective for C3H/HeJ but not for 
3HeB/FeJ mice, resulting in induction of protective immunity 
n the former in the same manner as that shown for DS-500- 
-treated NMRI mice. 


_ We then repeated the experiments using injections of L, 








“killed bacteria were unable to produce immunity or to increase 
the nonspecific resistance to infection in both DS-500-treated 
NMRI and in C3H/HeJ mice. We therefore conclude that 
“blocking or impairment of the mononuclear phagocyte system 
“by either DS 500 or Bordetella pertussis organisms’’°, or by 
inborn defects as in the C3H/HeJ mouse substrain, renders 
É mally subinfective doses of L. monocytogenes fully infective, 
“which can be clearly demonstrated by a drastically reduced 
-mean lethal dose. Animals surviving this infection, however, 
-possess a strong protective immunity based on the interaction 
of T-lymphocytes and macrophages. 





< active macrophage system for resistance against facultative 


immunity or to increase nonspecific resistance to infection: = 
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. monocytogenes killed by incubation at 70°C for 60 min. The 


These experiments stress the importance of a functionally © 
-intracellular parasites, Contrary to the findings of van Dijk’ . 
_ and van der Meer’, our experiments suggest that injection with.. 
3 a killed Listeria vaccine is unable either to provide protective : 


__. This work was supported by Bundesministerium des Innern. => 
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selectively lyse human tun our cells 


Clinical Pharmacology Branch, Division of Cancer Treatment, 
National Cancer Institute, Bethesda, Maryland 20205, USA 


Classical antibody-dependent cellular cytotoxicity (ADCC) 
involves effector cells that mediate damage of antibody-coated 
targets. Classical ADCC is probably responsible, at least in 
part, for in vivo allograft rejections, resistance to viral infec- 
tions, parasite destruction and the rejection of tumours’’. Like 
complement’, human effector cells mediate damage by creat- 
ing a pore or channel in the target membrane, but the channel 
created by effector cells is 2.5 times larger (functional diameter d 
~ 165A) than the channel formed by complement**. Classical ` 
ADCCis inhibited by low concentrations of immune complexes 
npete wi et-bour dy fo effector cell Fe 
receptors’. au 
certain. cancers ma 1 





cellular ha RAA of effector cells’. ‘Here Trepott the specificity 
of such antibody-directed ADCC effectors for antigen-bearing 
targets in vitro. | 

Antibody can be attached to effector. cells by incubating them 
together in the presence of polyethylene glycol (PEG) and 
spinning them through a mixture of phthalate oils (see Table 
1 legend). Using radiolabelled antibody, it can be shown that 
150,000 antibody molecules can be attached to each effector 
cell (neutrophil) by this technique (data not shown). Also, no 
radiolabelled antibody is detected for up to 24 h in supernatants 
of directed effectors incubated at 37°C; or for up to 6h in the 
plasma of mice (five animals) which were injected intravenously 
with directed lymphocytes (data not shown). The effects of 
















100 


76 


: % *Cr Release 






P-modified targets - 


% o Marker release a 





 AntiTNP TN phone: TNP-'Cr- TNP-*'Cr- 


to O wig > (CR): RBC MCF-7 

Ls 0 E 8 10 

Neutrophils 0 13 7 7 

10° PBLS* 0 13 9 10 

ao 1x 10° Neutrophils* 0 -t2 11 11 
"Directed ADCC 

oy. 210° PBLs $ 94 70 67 

P+ 10° Neutrophils + 101 77 76 
“ Classical ADCC 

2% 10° PBLs + 96 68 68 

1 «10° Neutrophils + 93 72 76 





Human resealed erythrocyte ghosts containing CF were made as described 
-earlier®. Intact. RBCs and. MCF-7 cells were TNP-modified and *'Cr-labelled. 
; Samples were counted ina y-counter. Monolayers of each target were made on 
the bottom ‘surface of flat-bottom microtitre wells. as: Previously described’. 
“Fr shiy separated human granulocytes and lymphocytes were obtained as 

ed previously? and used for classical and. directed: ADCC. They were 
ines e and resuspended in balanced salt solution (BSS)-HEPES to 
ation: of j. x 19” cells per ml: ‘Directed’ 1 ADC 














C effector cells were 
as mixed. with effector 

ifii BSS-HEPES 
immunoglobulin 


ea DY | : oy dl 
te and agreement between the duplicates n was svitka: 15%. 






dassical ADCC were compared with those of ‘directed’ ADCC 
(Fable 1) using trinitrophenyl (TNP)-modified. targets. 
Peripheral blood lymphocytes (PBLs) or neutrophils were 
added to anti-TNP-coated targets (classical ADCC), or effector 
cells with attached anti-TNP antibody (‘directed’ ADCC) were 
added to TNP labelled targets. The three targets used were 
‘TNP-resealed human erythrocyte ghosts containing car- 
boxyfluorescein (CF), TNP~"'Cr-labelled intact human eryth- 
“ sand TNP~"'Cr-labelled MCE-7 cells, a human breast 
cancer cell line"; each was put in separate microtitre wells. 
‘Effector cells alone or effector cells treated with PEG and the 
phthalate oils but without antibody produced minimal back- 
ground release from gach target, showing that the PEG and 
phthalate oil treatment per se does not cause target damage. 
Directed effector cells. can mediate marker release from a 
membrane model. (erythrocyte ghosts), intact erythrocytes. and 
even from human breast cancer cell MCF-7. These results are 
comparable with those seen when classical ADCC methods are 
‘used. Hence the attachment of antibody to effector cells ‘using 
this technique does not inhibit cell-mediated killing. 

The pechay o r dir ec . 











and: Dak 250 ou 
iby 


1 eyrotontc: effector cells was 


‘RPMI 1640 medium. Desired components were then addé 












iS eri and CF relase i is nimal, ‘indicating that the J 
cells are killed and the TNP-ghosts . are not damaged. | 
specificity of directed ADCC is comparable with that of cla 
ADCC. When soluble immune complexes- (HCG-anti-HCG 
were added to microtitre wells containing 10° JEG-3 cell: 
before 10° anti- HCG-directed neutrophils, there was 36% ° 
net release after 4h of incubation compared with 40% net 
release using the same system but without immune complexes. | 
This was in contrast to only 7% *'Cr net release from 10° JEG-3 
cells which were treated with anti-HCG first, then with immune 
complexes, then 10° effector neutrophils. Hence immune com- 
plexes do not significantly inhibit directed ADEC but do inhibit ee 
classical ADCC. ee 
JEG-3 cancer cells were hosen. as targets. because the anti- : 
HCG-directed effector cell-JEG 3 system may be a model ~ 
clinically. relevant to human testicular cancer. It is of interest, — 
therefore, to determine whether unbound HCG (analogous to 
circulating HCG in a patient with testicular cancer) interferes _ 
with the lysis of JEG-3 cancer cells mediated by anti-HCG-. 
directed effector cells. Figure 1 shows that =1,000ngml' 
unbound HCG almost totall prevents anti-HCG-directed’ 
effectors from lysing *'Cr-la a aticer celis, probab 
by binding to the anti-H ttached to the effe 
cells. Whereas 100 ng ml” 
release, 0 or 10 ng ml” of l 
with killing. oy k eee. l 
Recently, Miller et al? treated a T-cell ukaa Fak 
with systemic anti-Leu 1 antibody and a clinical response, ibeji 
transient was demonstrated. Several difficulties encounter 5 
that patient, including clearance of antibody and dosage, mig ht 
be avoided in future human in vivo therapy if the technique 
described here was used. Hence the anti-human Leu 1 (Becton 
Dickinson) reagent was used to see whether it would effect lysis” 
of targets in vitro after it had been attached to effector cells in: 
the conditions already described (Table 3). Freshly separated 
PBLs were *'Cr-labelled and divided into two groups, one of 
which was TNP-modified. When anti-TNP-directed effecto 
were put into either group, there was significant *'Cr release 
from the TNP-modified PBLs and only background *’Cr from 
the unmodified PBL targets. When anti-human Leu 1-directed 


























































Table 2 Directed compared with classical ADC C using anti- TNP or anti» -HCO 
and their action on targets 





Anti-TNP Ant-HCG. 


TNP-ghosts JEG 3 cells TNP- Ghosts JEG 3 cells. 





















%o CF H% Cr %o CF CE 
Effectors release release release release 
Directed ADCC 
2x 10° PBLs : 
+ antibody 83 8 6 47 
1 x 10° Neutrophils . 
+antibody 92 7 7 53 
Classical ADCC 
2x 10° PBLs Te 
+antibody 92 © ~ 7 8 AG 
1x 10° Neutrophils , 
+ antibody 90 8 8 34 
No antibody : 
TNP-Ghosts, J EG eelis, 
2x 10° PBLs 11 oe a 
1 x 10° Neutrophils “ay ene de 
2x 10° PBLs* SESS ee 
1 x 10° Neutrophils* E : e 





4x10 TNP- modified ciythitoeyiee Gada, containing CF and 4x 10° 
labelled JEG-3 cells were suspended together in flat- bottom microtit 





assayed after 5 h incubation at 37 °C. Directed effector cells 
and control effector cells* were treated with PEG and pi 
antibody. Anti-HCG is a a al rabbit IgG: : 











































































a Le > Treatment | 
Directed ADCC 






1x 10° Neutrophils”: on erga i eee 
ix 10° Neutrophils + anti-TNP ee ae ce ae 
~ $e 10° Neutrophils+anti-Leul = 9 6t ag BO" 
= ere ADCC e Ks a 
1x 10° Neutrophils* 10 43 
1x 10° Neutrophils + anti FNP 74 13 
1x 10° Neutrophils + anti-Leu | ; 59 62 


Fréthly. separated PBLs were *'Cr-labelled and-divided into. two groups, one 
“ot which was TNP-modified. 7.5.x 10° PBLs of each group were put in separate 
< microtitre wells and suspended in 0:1 M BSS-HEPES and desired components 
“Were added to a-total volume of 200 yl. Directed effectors were made as before 

and other control effectors* were treated with PEG and phthalate oils but without 
antibody. After incubation for 3h at 37°C, 100 gl supernatant panes were 
si removed and *'Cr content assayed. 


2 elfector cells were used, *'Cr was released from each group, 
but slightly less than the amount seen for the anti- TNP-directed 
effector cell TNP-PBL reaction. Presumably this is because 
only the T-cell subpopulation is attacked when anti-human Leu 
1 reagent is used, whereas T cells, B cells and null cells are 
attacked in the TNP-PBL group when anti-TNP is used. 
Classical ADCC results are comparable. 

The technique of using PEG and phthalate oils to attach 
antibody to freshly separated effector cells results in the specific 
lysis of cells bearing the target antigen. The lysis is specifically 
blocked by soluble antigen. Soluble immune complexes do not 
inhibit directed ADCC. The degree of specific target lysis of 
human cancer cells and model targets using these directed 


DCC techniques. The phthalate oils are completely washed 
off directed effector cells and these cells cause no adverse 


monoclonal antibodies, this technique makes it theoretically 
defined. The absolute amount of non-human antibody given to 


that amount of antibody passively administered to patients with 
certain tumours and Gram-negative sepsis'’. Trials using pass- 
ve administration of non-human antibody in an attempt to 
produce human tumour regression have been limited!*'°"”’ 
‘because recent evidence shows that cell-mediated rather than 
= humoral immunity is important in tumour resistance'*'” and 
< that passive antibody may enhance tumour growth’. I have 
shown here that human effector cells can be selectively directed 
to lyse human cancer cells and not other adjacent cells. 

| I thank Drs A. S, Fauci, D. Longo, C. Myers and F. Abramson 

for helpful comments. 
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ffector cells is comparable with the lysis produced with classical . 


reactions in vivo (mice and one human). With the advent of- 
possible to cause the destruction of targets in vito (tumours, - 8 and accumulates a. 
infectious agents) provided the antibody-antigen system. is well 


a patient using this technique (and hence the risk of serum 


ckness and anaphylactic reactions) should be much less than tumour “promotel. 


7 Shimon Efrat, Shlomo. “Pilo & Raymond Kaempfer 


| Department: of Molecular Virology, The Hebrew ‘University ~ 
Hadassah. Medical School, 91 010 Jerusalem, Israel 





T-cell, irok factor (TCGF), or interleukin-2 (IL-2), and 
immune or y-interferon (IFN-y) are lymphokines possessing 
powerful immunoregulatory properties. IL-2 is essential for the 
in vitro proliferation and maturation of certain classes of F 
lymphocyte’, particularly cytotoxic’ and helper’ T cells, and 
also activates natural killer cells’. IFN- is considerably more 
active than IFN-a@ and -f as activator of natural killer cells and 
as antiproliferative agent, relative to its antiviral activity". As. 
a step towards understanding the regulation of expression of 
these proteins, we report here the induction of mRNA species 
encoding IL-2 and fey | in: mitogen-stimulated normal human 
! aevis oocytes. On 
mRNA sedimenting at 10- 
tion of active 
f IL-2 mRNA 
S and compris- 





















is consistecitly. reveal J 
ing about 20% of the 2 vity. During induc- 
tion, an initial concomitant: rise in IL-2 and IFN-y mRNA 
activities i is followed promptly. by a concomitant decline i in the 
rate of their accum ulation, $ 

: We used human tonsils as a- convenient source of large 





| amounts. of lymphocytes, Cultivation of these cells in the pres- 
“ence of phytohaemagglutinin: (PHA) eads to” 


the induction of 
: mëdium by 8 h 
about 24 h, when 
mn is observed. The 
n'the same culture (Fig. 
of IL-2; Inclusion of the 
ioyl. phorbol 13-acetate 
(TPA) together with PE oth IL-2 and IFN-y levels 
in the medium: throughout the induction period, but even with 
TPA present, the rate of. accumulation of H 2 and IFN-y begins 
to decline after 20-24 h. 

We isolated mRNA from cells that had been cultured for 
12h with PHA and microinjected it into X. laevis oocytes. As 
detailed in Fig. 2 legend, this mRNA. directed extensive syn- 
thesis of IL-2. About 80% of the expressed IL-2 activity was 
recovered from the surrounding medium, showing that the 
mRNA directed both synthesis of active IL-2 and its secretion 
from oocytes. The mRNA preparation also directed the syn- 
thesis of active IFN-y, the bulk of which was secreted (see Fig. 
sieges) 

Table 1 pH sensitivity of IFN- =y and IL-2 activities in oocyte medium 














IL-2 (Fig. 1a). IL-2 activity i 
an 
















Caltare . 108 13S 
medium. . mRNA mRNA 
IFN- yU mi). a. l 
pH 7.250 22,560 220 
pHS oe Sa <40 
TL-2 (chan) eo = 
-PATZ G 35,500 ie “3,800 F 
i PHS © i 2m < 7,800 A 











ytes, injected with 
dfor 16 h against 
h against buffer: at 
as dialysed for 18h 
sre treated similarly. 
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4He.p.m. x 10°4) 
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fetal calf serum a (FCS), a antibiotics and0, 4%. 2-mercap PHA-P (Difco) 


(©, A). TPA (Sigma) was added to 10 ng ml’ (@, A). x; Mitogen- 
free controls. At the indicated times, aliquots of the cultures were 
centrifuged and supernatants were passed through 0.22 um filters 
- and frozen. a, IL-2 activity was assayed by incubating 50:-yl of 
serial dilutions made in culture medium containing 10% FCS with 
ae 50 kl of medium containing 2 x 10° assay cells in round-bottom 


microtitre wells for 48h at 37°C. Assay cells were human 


peripheral blood lymphocytes that had been cultured for at least 
1 week in IL-2-containing medium and then incubated without 
IL-2 for 24 h. Each well received 1 Ci of “H-thymidine (83 Ci 
mmol’) in 10 lof culture medium at 42h. The cells were 
collected on filters and radioactivity in DNA was monitored. 
Values plotted are for 1:32 dilutions. Values for zero-time cul- 
tures, which represent background assay activity of PHA or PHA 
and TPA, were <500 c.p.m. b; IFN-y was assayed by inhibition of 
_ the cytopathic effect of mengovirus in human amnion cells. 
| Confluent cells in microtitre wells were incubated with 30 pl of 
serial dilutions of the assay fluids in RPMI 1640 medium for 8h 
heni fected with 3-5 plaque-forming units (PFU) per cell of 
n 50 wl of medium. After 1h, the cells were washed 
ted with medium containing 2% FCS for about 24h 
re stained with Gentian violet. An internal labora- 
‘of human IFN-y andan IFN-a reference standard 
LU of IFN-y corresponds to about 2.5 TU of 
interferon activity was abolished by dialysis against 
| N saline, pH 2. 









: time course (Fig. 2). Comparison with Fig. 4 shows 
~~ levels of mRNA encoding both IL-2 and IFN-y re ac 
- maximal values well before these activities appear 1 
< medium in significant amounts. _ ` 


not affect the IL-2 activity of the two mRNA peaks (Tabl: 


the relative abundance of the two IL-2 mRNA peaks, 
levels of induction observed when TPA is present (Fig. D a 


human lymphocytes, avoiding abnormal phenomena that m 

















To estimate the molecular size of IL-2 and IFN-y mRNA 
mRNA extracted from lymphocytes stimulated for 16 h w 
PHA was centrifuged through an isokinetic sucrose gradient. 
In Fig. 3a, arrows denote the positions of Escherichia coli rRNA 
and rabbit globin 9S mRNA markers. Microinjection of RNA — 
from individual gradient fractions revealed two peaks of IL-2... 
mRNA activity, a major one (IL-2A) sedimenting at 10-10.58 _ 
and comprising ~ 80% of the activity, and a minor one : 
sedimenting more rapidly, at-13-13.5S (IL-2B). ae 

Figure 3b depicts a sedimentation velocity analysis of mRNA 
purified from cells stimulated for 16 h with both PHA and TPA. 
and illustrates the synthesis of both IL-2 and IFN-y directed 
by individual gradient fractions. Again, IL-2 mRNA activity 
sedimented in a major peak at 10S and a minor one at 135, 
while IFN-y mRNA activity sediments in a single peak at 138 
that directs high levels of IFN-y synthesis on microinjection | 
into oocytes. The expression of IFN-y mRNA in these experi- 
ments is at least an order of magnitude higher than. th: 
described in previous studies”? estimating its ize a 
18S respectively. IFN-y encoded by co-sedir in 
























S might ee DNA eee in the IL-2 eA cells s, 5 



































IFN- -7 mRNA Kiei at 13S süggésts that t IFN-y may 

IL-2 in the cells used for the IL-2 assay. To- examine the 
alternatives, we dialysed the medium of oocytes injected wit 
10S and 13S mRNA at pH 3 before testing for IL-2 activi 
Such treatment effectively eliminates IFN-y activity but doe 








We conclude, therefore, that the IL-2B mRNA sedimentin 
1351 is expressed independently « of IFN-y. 
-Inclusion of TPA in the culture medium does not inf 





increases by severalfold the ‘sp fic activities of the IF 
mRNA (see Fig. 2) and IL-2 mRN. \ species (Fig. 3). The higt 


thus reflected by increased mRNA activity. | 
The mRNA species described here were derived from norm 


be associated with transformed cell lines’. The ability of IL 
to stimulate the proliferation of T cells was assayed i in culture 
human peripheral blood lymphocytes comprising >90% 7 
cells, as judged by rosetting with sheep erythrocytes. These 
cells are IL-2 dependent and die within 48h when cultured 
without this factor. At the time of assay, such cells responded | 
only very weakly to PHA or TPA. Although crude IL-2 prepar- 
ations may contain B-cell growth factor” activity in addition 
to TCGF, the activity observed in our experiments stimulated | 
extensive DNA synthesis in cells that were essentially pure T 
lymphocytes, thus defining the activity as IL-2. “ig 
The expression of human IL-2 mRNA in X. laevis oocytes’ 
and the secretion of active IL-2 from these cells made it possible - 
to analyse the levels of IL-2 mRNA activity during the course - 
of induction. Mitogenic stimulation of lymphocytes leads toan _ 
initial increase in IL-2 mRNA activity that quickly levels off. 
(Fig. 2). The decline in rate of accumulation of IL-2 mRNA 
activity agrees well with the decline in rate of IL-2 accumulation 
observed in the culture medium (Fig. 1). It is thus likely that. 
the capacity of an IL-2 producer cell to form active IL-2 mRNA 
is limited and that a refractory period may follow, similar to 
that observed for IFN- induction’®. The kinetics of appearanc | 
of both IFN-y (Fig. 1) and IFN-y mRNA (Fig. 2) are rem 
ably similar to those for IL-2, The levelling off of mRN 
activities observed in Fig. 2 could be caused by the cessa 
of mRNA synthesis, by the accumulation of mRNA 4 
post-transcriptional repressors, or by both. Gu 

































listinctly_ se dnenting rit 















two for IL-2, do not support the interpretation that the 13S 

L-2 mRNA peak is due to aggregation. This finding probably 
reflects the existence of more than one gene (or class of genes) 
‘encoding IL-2 activity, as has been observed for IFN-B'*”, 





explain the results: The sedimentation coefficient of 10-10,58 
for the major IL-2A mRNA species. corresponds” to a nucleo- 
de. length of 610-680 bases, Assuming a minimum of 200 





`H (opm. x10°40) eke 






~ eultured with PHA as described for Fig. 1. At the indicated times, 
» total RNA was extracted by the guanidinium thiocyanate-CsCl 
`` method™*. The RNA was passed twice over oligo(dT)-cellulose, 
< the second time after incubation for 5min at 55°C in 90% 
abe DMSO”, Poly(A)-containing RNA was dissolved in water at a 
concentration of 2 mg ml™*. Oocytes were each injected with 50 nl 
of mRNA and incubated for 40 hat 21 Ç in groups of 10 with 
0.1m! Barth’s medium containing 10°°M phenylmethylsul- 
phonylfluoride”® (buffer A). Aliquots of incubation medium from 
each group of oocytes were assayed for IL-2 and IFN-~y activities 
as described for Fig. 1. Values of IL-2 activity are for 1:4 dilutions. 
At this dilution, a standard lymphocyte-conditioned medium pre- 
ared after 24 hof culturing with PHA (24 h-LCM), gave a count 
3 ation medinm f m. aee retain or 








| aded 1¢ 160 and 25 U mi? respec- oe 
vely; uninjectec oocytes or oocytes injected with Barth's medium — 
gave no detectable background:activity. Interferon activity was ` 
| abolished by dialysis against pH 2 buffer. 





| species dos and 138). i 
INA had been treated with dimethyl sulphoxide 
ASO) and heated before centrifugal analysis. This and the 
servation of a single mRNA peak for IFN-y, as opposed to 


although an alternative mRNA processing pathway could also | 


Fig Kinetics of appearance of IL-2 (OQ) and IFN- -¥ (A): mRNA 3 
activities in stimulated lymphocytes. Tonsillar lymphocytes were 
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‘nucleotides © ‘maid „accordingly can encode 31,000-35,000 of 
unmodified protein. These values are. in accord. with recent 
estimates of 20-25,000-MW for IFN-y”*. 

We thank Dr E. Kedar for helpful discussion and assay cells, 
Dr H..Soreq for advice on microinjection, and S. Marsh, A. 
Yeheskel and E. Chriqui for assistance. This work was suppor- 
ted by a grant from the Robert Szold Foundation. 
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he LSP-2 gene my a 5 flanking 
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expressed i in Drosophila melanogaster 
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i haron-4 phages contain- ae 
ng ‘andomly. sheared fragments of 
_ Drosophila DNA from strain Can- 
< ton-S a using as probe poly(A)” 
RNA from. jate third-instar larval fat 
_bodies'”. The restriction map shows 
“the positions in. 704 DNA of the 
endonuclease cleavage sites for 
“EcoRI (labelled E), Säll dabelled 8) 
and BamHI (labelled BY. The rel- 
evant fragments produced by diges- 
tion of 104 DNA with both EcoRI 












| nucleotide se sequences involved i in. the stage- 
: r _ fragments by electrophoresis in agarose gel, transfer of th 
fragr tents Eo the a: toa sheet of Toce One a and mp 
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either a combination of EcoRI and Sall (fragments 1-5) or 
BamHI (fragments 6-12). The map location of the 5’ terminus. _ 
for LSP-2 mRNA was determined by S, nuclease digestion’: 


The results of this analysis indicate that the 5’ end of the LSP-2 = 


coding region is 1.8 kb from the Sall cleavage site in the coding: - 
region (Fig. 1). However, we cannot rule out the possibility 
that the LSP-2 gene has an intervening sequence which separ- 


ates a small segment of mRNA coding information from the 


bulk of the gene. The 1.8 kb value is therefore a minimum = 
estimate. | oe 

The initial tests for identifying transcripts that hybridize to. . 
104 DNA involved digestion of the DNA with either a com- 
bination of EcoRI and Sall or BamHI, separation of the DNA 


a bk 


and Sall are labelled 1-5, and by digestion with Bam HI are labelled 6-12. The location of the 5’ terminus of LSP-2 mRNA was determined 
by hybridizing fat body RNA with purified fragment 2 DNA, removing the single-stranded regions by digestion with S, nuclease” and 


measuring the size of the remaining RNA-DNA hybrid by electrophoresis in agarose gel. Fragment 2 was purified after electrophoresis in 
= 0:8% agarose gel of an EcoRI/Sall digest of 104 DNA, electroelution of the fragment into hydroxyapatite!? and recovery of the fragment > 
oor m hydroxyapatite with 1M sodium phosphate buffer pH 7; the purified fragment was dialysed at 4°C against 10 mM Tris/1 mM EDTA... >. 
precipitated with 95% ethanol and dissolved in 25 wl of a solution containing 0.4 M NaCl/0.04 M PIPES pH 6.4/1 mM EDTA/80% — 
‘The hybridization reaction was started by dissolving 100 ug total fat body RNA, heating the solution at 67°C for 10 min and 7 
ing at $2 °C for 3 h to allow hybrids to form. The solution was then diluted into 10 vols of ice-cold $, nuclease reaction buffer. a 

with 10 U of S, nuclease at 37°C for 35 min, as described by the manufacturer (BRL). The digestion was stopped and the — 
ated with 95% ethanol in the presence of 10 pg tRNA. The precipitate was electrophoresed in a denaturing agarose gel, 
nitrocelldlose paper, hybridized to °*P-labelled 104 DNA (specific activity 10° c. p.m. wg ? 
e resultin g autoradiographs are shown beside the restriction map; lane a is a control containing an EcoRI/ Sall digest of 
ane b contains the S, nuclease-resistant RNA-DNA hybrid formed with fragment 2. The exposure for a was 3 days, er 64 












oe ain 


) and autoradiographed, as previous 
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f 6, 22 aid i 6 kb and { designated TI T2 and T3 respec- 
ively, The regions of 1 04 DNA homologous to each of the 
three transcripts were identified by using purified EcoRI frag- 
ments of 104 DNA as individual probes. Fragment 1, which 
‘ontains the LSP-2 coding region and 3.5 kb flanking the 5’ 
_end of the coding region, hybridized with the LSP-2 transcript 
‘in fat body RNA and with the T7 transcript in embryonic RNA; 
fragment 2 hybridized with transcripts T1, T2 and T3; and 
fragment 3 with only T3. The doublet in the lane containing 
embryo RNA in Fig. 3b is probably the result of residual 
ribosomal RNA in the poly(A)” RNA preparation. These bands 
appeared when the blot was hybridized to several probes unre- 
lated to clone 104. Members of several other laboratories doing 
>= similar analyses have found similar, nonspecific bands at the 
~ ribosomal RNA position (personal communications). 
_.. To investigate whether T1, T2 and T3 were encoded by 
<- separate sequences or shared homology, three additional DNA 
fragments homologous to EcoRI fragment 2 were hybridized: 
‘to the embryonic RNA blot of Fig. 3 (data not shown, see Fig. 3. 
egend). We observed that EcoRI fragments 2a and lb were 
1011 logout to both T7 and T2, whereas T3 was s he mologgus. 












Py 75 M ‘sodium Ee 
mide/0. 2% $DS/0.5 mg mi 
_ 2 hin sealed plastic containers, nd th 
£ eo was added and the | reaction: 









na RNA. | 











chore 0.075 M ‘sodium ‘it rate / ‘are vols 3 


nsert, 














b, stage 14 oocyte; c; pastrua: d, late 02 h) a, e fat 

from late third-instar larvae. In all the gels, the left lane contained | 
the EcoRI/Sall digest and the right lane contained the BamHI _ 
digest of 104 DNA. The positions of the relevant bands are 
labelled as in Fig. t. 

















- to EcoRI 2c. As probe sequences separated by at least 4 kb Te 

are homologous to the 2.6-kb T1 transcript, the DNA sequen- 
ces encoding T7 must be interrupted by at least one intervening 
= sequence. The relationship between the TI and T2 transcripts 
“js. uncertain, although the data are consistent with the coding 
of T2 by a subset of the TI coding region. Additional tests for 

ybridization of the LSP-2 and T1 transcripts with restriction Fig. 4 Test for transcripts T] and 72 in embryonic and fat body 

ment EcoRI 1a from 104 DNA place the proximal terminus RNA, Samples containing 15 ug poly(A)” RNA from late (12 h) 

the T1 coding region 2.5-3.5 kb from the 5' end of the embryos or 12 pg of poly(A)” RNA from late third-instar larval 

2 coding. region (data not shown). fat bodies were denatured, electrophoresed in agarose gel and 


j uraral 3,14 T 
Based on the proximity of sequences encoding LSP-2 transferred to nitrocellulose paper’:’*. The BamHI fragment 8 
: ae pi y q g LS and isee Fig. 1) was purified as described for the EcoRI/Sall fragment 


; TI, ee pied nel or not Tl a oer i anes 2 of Fig. 1, *’P-labelled by nick-translation, hybridized to the 
mented. during -2 expression in the fat body. Samples RNA on nitrocellulose paper, and the paper was then autoradio- 


£ containing poly(A)” RNA from late embryos and fat bodies graphed for 3 days. Lane E contains embryonic RNA, lane F 
were electrophoresed in agarose gel, transferred to nitrocel- contains fat body RNA. 



















1 the emb yo RNA preparation, whereas 
et anscript was detectable in the fat body sample. 
e nitrocellulose filter was regenerated and hybridized 
1 probe containing the LSP-2 coding region, the fat body 
aration hybridized ~90 times more strongly than the 
i yo RNA at the position of the LSP-2 transcript (data not 
shown). Thus, despite a dramatic increase in the level of LSP-2 
transcript in late third-instar larval fat body tissue, the T/ 
: ‘transcript does not accumulate. 
- There is no proof that the sequences encoding the T1, T2 
_and T3. transcripts are those flanking the LSP-2 coding region. 
TL; T2 and T3 could be transcribed at other genomic sites, 
| yet possess significant homology with clone 104 sequences. This 
is unlikely, however, because (see refs 2, 3, 7): (1) when genomic 
DNA was digested with. several restriction endonucleases, elec- 
trophoresed in agarose gel and transferred to a nitrocellulose 
filter, after hybridization to **P-labelled clone 104 DNA the 
-onl y bands detected on the filter were those predicted from the 
“Te ion endonuclease map. of f done 1 04. 2) In situ hybridiz- 














hybridization. "arabe representiag wo “different og of 
‘murine retroviruses. Some viral DNA-containing fragments 
were present in male but not female DNAs. The male-specific 
fragments varied in copy number from 1 to as many as 100, and 
we estimate that in some Mus species, as much as 3% of the Y 
chromosome is composed of retrovirus-related sequences. To 
our knowledge this is the first report of (1). an association of 
retrovirus-related sequences with a mammalian Y-chromosome 
and (2) many copies of retrovirus-related sequences on the same 
chromosome. 

DNAs were prepared from male and female mice represent- 
ing six distantly related inbred strains of Mus musculus and 
three other Mus species’: Mus poschiavinus, Mus spretus and 
‘Mus. caroli, M. poschiavinus and M. spretus were included 
use they interbreed with laboratory strains and M. caroli 
ti „karyotype i is virtually identical to that of M. mus- 





igests of mouse DNAs were blotted onto nitrocel- 
r bridized to the long terminal repeat (LTR) of a 
us amphotropic retrovirus’. The LTR sequence, 





ANT 


es the ae distantly related species M. caroli did not hybridize. 
-with this probe, which is consistent with previous results 


the LSP-2 Das Thus, the Ti, T2 and T3 transcri 
probably encoded by the region flanking the LSP-2 ge 
T1 transcripts are undetectable in third-instar larval fat b 
tissue, it seems that the factors which increase the expres: 
of the LSP-2 gene act locally, rather than regionally. T 
situation is very similar to the regulation of sequences encoding 
yeast histones*, D. melanogaster cuticle proteins’ and the 
enzyme dopa decarboxylase of D. melanogaster. This is par- 
ticularly interesting since the transcription of LSP-2 Seems to 
be augmented by the steroid hormone ecdysterone*” DNA. 
transformation studies have shown that sequences required for 
hormonal response can be closely linked to the coding regions 
they regulate''. In the case of the LSP-2 gene, the position ot 
sequences encoding T1 may delimit the regulatory regions. = > 

B.Y. was supported by a NIH postdoctoral fellowship. M.L. - 
was supported by grants to Alan Garen from the American. 
Cancer Society and the National Institute of General Medical. 
Sciences. This research was performed in the laboratory of Alan 
Garen. 
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ted in ne closely related speci 
ig. la, lanes 13, 14) and M. poschiavinus (Fig. 1: 
y No male-specific bands were evident. DNA from. 
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A different hybridization pattern was observed when a 
sequence representing another class of endogenous xenotropic k 
type C retrovirus was used to analyse these same DNAs (Fig. 
1b). This class (designated type C-I) has been isolated from all _ 
species of Mus tested, except M. musculus, and can be distin- 
guished from other laboratory strains of retroviruses both 
immunologically and on the basis of nucleic acid sequence 
homology”, A C-I virus (designated M720) was isolated 
from M. bai tissue culture cells and used to infect FEC cells. 
A clone of unintegrated circular proviral DNA was prepared. 
In M. musculus (Fig. 1b, lanes 1-12) and M. poschiavinus (Fig. . 
16, lanes 15, 16), this clone of the entire M. cookii type C-I 
proviral genome hybridized to at least four fragments (14:5 
11.8, 7.5 and 4.3 kb) in male DNAs that were not present in 
female DNAs. Because the sum of the sizes of the male-specifi ; 
bands is larger than a viral genome (8.5 kb), we conclude t 
these four bands are derived from more than one type. 
endogenous virus genome. The relative intensity of hybri 
ation of these fragments to M720 suggests that each is pre 
in multiple copies. Usually multiple-copy fragments rep 
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internal viral sequences, because flanking cellular restriction 
tes are presumed to be heterogeneous’ ”. If all the EcoRI sites 
generating these multiple-copy fragments are internal viral 
restriction sites, then we are observing at least one unusually 
large (> 14.5 kb) retrovirus genome. Alternatively, one or more 
conserved EcoRI sites flanking ‘normal-sized’ viral genomes 
could generate multiple-copy fragments larger than the viral 
genome itself. | 
The number of M720 cirus-related sequences in male DNA 
from M. musculus was estimated by mixing cloned M720 pro- 
viral DNA with rabbit DNA at levels representing 1 or 10 
-copies of provirus DNA per cellular genome (Fig. 1b, lanes 19, 

20). One copy of M720 proviral DNA per genome is barely 
detectable when hybridized with itself (lane 19). Ten copies of 
the viral genome are detectable, but the intensity is approxi- 
‘mately one-tenth of that observed with the M720 male-specific 
fragments shown in Fig. 1b, lanes 1-12. From these and other 
-results (data not shown) we conclude that there are ~ 100 copies 
- Of M720 related sequences in males from M. musculus inbred 
strains and M. poschiavinus. 

Male-specific M720-related fragments were detected in M. 

spretus DNA (Fig. 16, lanes 13, 14); however they hybridize 
less intensely with the probe than those identified in M. mus- 
-culus male DNA (Fig. 16, lanes 1-12). Whether this reflects a 
lower copy number or less homology is unresolved. Restricted 
_ cellular DNA from M. caroli also hybridized with M720 proviral 
DNA. Although M. caroli DNA does not appear to contain 
‘male-specific sequences unique to the M720 proviral genome, 
-iit does contain a 2.0 kb internal EcoRI fragment characteristic 

-of the provirus (Fig. 16, lanes 19, 20). We conclude that the 
M720-related sequences in the M. caroli genome are struc- 
turally more closely related to M720 than to related sequences 
im the other Mus species tested. In addition, the overall conser- 
ved pattern of the M720-related bands in M. musculus and M. 
_poschiavinus DNAs is in striking contrast to the strain specificity 
<- observed with the LTR probe. These results are consistent with 
: “the previously noted conservation of the type C-I endogenous 
. retrovirus-related sequences in cellular DNA from all species 
: of Mus ®”., 
. The presence of many copies of M720-related sequences on 
the Y chromosome of some Mus species can be explained in 
several ways. One hypothesis is that one or more independent 
viral integration events occurred in or near a specific sequence 
present many times on that chromosome. However, there is no 
‘evidence for site-specific integration of retroviruses'*. Second, 
multiple copies of a viral genome could have resulted from 
successive intrachromosomal recombination events. Such a 









































individual livers. of inbred iale and female siblings 
(anes 1-12) or from closely related animals (lanes 
13-18). DNAs (4 pg) were digested with EcoRI, sep- 
arated by electrophoresis in 1% agarose and transfer- 
red to nitrocellulose’. Probes were prepared by nick- 
translation to a specific activity of 1-3 x 10° d.p.m. 
3P per ug DNA?S, Filters were incubated at 70°C 
in the presence of 6 x SSC for 16 h, and washed exten- 
sively at 52°C in 0.1 x SSC, 0.05% SDS. Hybridizing 
fragments discussed in the text are denoted by W and 
the sizes of those fregments are given on the left of 
each panel. In a, mouse DNAs were probed with a 
pBR322 clone of the LTR of an amphotropic retro- 
virus from M. musculus®. Resolution was increased 
by exposing for 10 days to Kodak XAR film without 
intensifying screens. In b, the same DNAs were probed 
with a pBR322 clone of proviral DNA (M720) from 
a xenotropic retrovirus from M. cookii. Exposure was 
for 1 day at room temperature. Abbreviated strain 
and species names include .BALB/cWt (BALB), 
C57BL/10J (C57BL), AKR/J (AKR), NZB/BINJ 
(NZB), DBA/2J (DBA),.SM/J (SM) and M. 
enn (MUS POSCH). 


model has been proposed to explain the presence of five copies 
of the avian leukosis retrovirus genome on a single chicken 
chromosome'*''*, and would explain the presence of 100 copies 
of M720-like virus sequences on the mouse Y chromosome. 
Third, we could be observing the result of amplification of a 
Y-chromosomal element containing virus-related sequences. 
The conserved pattern of M720-related dimorphic restriction 
fragments in M. musculus and M. poschiavinus suggests that 










da 


either the integration or amplification event(s) responsible for | 


multiple copies occurred recently in evolutionary terms, or these 
sequences have been conserved relative to other species. If 
conservation is responsible, these sequences may have a func- 
tional role. The role is not, however, sex determination, because 
mice that carry a M. poschiavinus Y chromosome (as well as 
the typical M720 male-specific fragments) can develop external 
female genitalia and ovaries’’. It may be significant that males 
of several inbred strains have been shown to express a protein 
related to a type C virus envelope protein (gp70) in the epi- 
didymis and ductus deferens *?’. 

It remains to be demonstrated that the LTR and M720- 
related patterns of sexual dimorphism represent sequences from 
the Y chromosome. Although these sequences are present only 
when a Y chromosome is present, it is possible that the fragment 


dimorphism is a result of amplification of an autosomal or 


X-chromosomal sequence. Hybridization in situ will provide 
direct evidence. 

We have shown that probes representing dispersed repetitive 
elements, such as retroviruses, are valuable tools for analysing 
large genomes. On Southern blots they can effectively reduce 
the complexity of the murine genome from 110° EcoRI 
fragments to ~50 fragments. Just as we have used retroviral 
probes to identify sequences from the Y chromosome, retroviral 
probes have been useful as molecular markers for identifying 
regions of the genome where deletions or insertions have 
occurred”. 

The Y chromosome is unique in the mammalian genome in 
that it is perpetually monosomic. With the exception of the 
region that pairs with the X chromosome during meiosis”', 
opportunities for recombination with other chromosomes are 
precluded. Markers such as these virus-related sequences offer 


a means to study the evolution of this chromosome, which may * 


differ from that of the rest of the genome. Because the Y 
chromosome represents 2% of the haploid male genome’*”’ 
(size = 1.5 10° base pairs), the M720-related male-specific 
sequences would represent 3% of the chromosome [(100 
copies x 8,500 base pairs/0.02 x 1.5 x 10°) x 100]. The high con- 


centration of virus-related DNA on the Y chromosome poses 
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TENN pancreditic. necrosis ` virus (PNY) i is an 1 economically 


-important fish pathogen. The. virus particles | contain two large 
egments of double-stranded (¢ 
ifferent intracellular primary gene products*®. The smaller 
nome segment (‘B’) encodes the largest of these four proteins 
ce and the larger genome segment (‘A’) encodes the other three 
by a mechanism which does not seem to involve post-transla- 
_ tional ‘cleava age of a large precursor polypeptide in vivo’. Pre- 
vious results*” have indicated that only two species of mRNA 
are produced, one from each genome segment", and that one 
of these viral mRNAs (that produced from segment B; ref. 7) 
is monocistronic. The other mRNA, which is transcribed from 
segment A (ref. 7), encodes three proteins, which may be 
produced by a mechanism involving multiple initiation and 
termination sites for translation, rather than post-translational 
cleavage” 7, To distinguish between these two possible mechan- 
isms, we have studied the translation in vitro of the denatured 
IP genomic dsRNA segments. We report here that the 
| transcribed from genome segment A is 























r icles are icosahedral with a diameter of 60 nm. 
enome is bi-segmented (segments A and B of 
ight (M, ) 2.8 10° and 2.3 x 10°, respectively” 
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2 rr. CPi Si of 105,000 (108K). 62K, 31K aod 29K < (Fig. it 
A. Jenkins and L. L. Washburn Of these four Aa three Taa eaei o t 
script. The Jackson E 


(Fig. 1D): (2) part of the 31K ie er virion protein is cin V re 
during maturation to generate a 29K polypeptide, an d bott 





SRNA, which encode four 
trophoresis followed by autoradiography to check its purity and. 
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virus. was digested pre ‘proteinase K and the genome segments Ni 
separated by electrophoresis in 10% polyacrylamide slab gels'® cata 
bands were detected by autoradiography {a small amount of P- label 
dsRNA was added to the original sample), sliced out and electroelu' é 
from the gel slices using methods published elsewhere’. A, asmall amou 
of each fractionated genome segment was subjected to analytical gel elec 


homogeneity (note that due to trailing, segment A was contaminated wit 
segment B). The molecular weights were computed from their elec 
trophoretic mobilities relative to réovirus (Dearing 3) dsRNA run in parallel: 
wells. B, proteins of purified IPNV analysed in 10% polyacrylamide slab - 
gel followed by staining. with Coomassie blue using procedures published 
elsewhere'"'*, C, D, autoradiograms of labelled. virus-specific polypep- 
tides analysed in 11%. polyacrylamide slab gels, Infected. CHSE cell: 
monolayers were UV-irradiated 3 h after infection. to reduce the cellular: 

background and the cultures were labelled with “*S-methionine 6b after” 
infection. at 20°C for 1h (C) or 4h (D) as described. previously’. The 
molecular weights of virus-specific proteins were computed from their” — 
electrophoretic mobilities relative to unlabelled standards run-in parallel <: 
H indicates residual host protein; the four primary gene products aré 
marked with asterisks. E, cell-free protein synthesis was carried out in” 
nuclease-treated rabbit reticulocyte lysates (NEN), primed with denatured : 
dsRNA segments, in the presence of **S-methionine. 2 ug of dsRNA were. 
precipitated in ethanol, washed with éther, dried and denatured in 2.41 of. 
dimethy! sulphoxide at 55°C for 15 min, then 100 ml of the complet 
reaction mixture was added and incubation was continued at 37°C for 1} 
The products of translation were analysed using 11% polyacrylamide s ab 
gels followed by autoradiography. ICP, labelled infected-cell proteins, 
synthesized in UV-irradiated CHSE cell cultures from 6 to 8 h after inf 
tion. A, in vitro translation products from dsRNA segment A; A+B, 
vitro translation products from segments A and B; B, in vitro translat 
products from segment B: E, endogenous products of translation {r RI 
added}. The approximate molecular weights of the major produ 
indicated. a-f, The major products from incomplete translat 
B. (Note the location of *’P-labelled dsRNA near the top 






















molecular weight (Fig. 1B-D). Peptide mapping has shown 


quences®, 
Using hybrid viruses of two parental serotypes, it has been 
own. that genome segment B encodes ICP 105K and A 







ses as to how three unrelated proteins are produced from a 












protein synthesis. 


and 2°°*°. For example, we have been unable to detect 


In vivo 






































j) The 105K protein is vay, thesiced in small quantities and 
ncorporated into virions (VP105) without apparent changes — 


the four primary gene products have different amino acid- 


Several studies have provided evidence against mechanisms 






{exp 
Its; P.D., unpublished 
ratios oft the primary 









codes the other three primary gene products’. The question “tot eiw 









gle large genome segment. We considered the following _ a 

possible mechanisms: (1) post-translational cleavage of a large, 
precursor polypeptide; (2) transcription of subgenomic mRNAs 
rom genome segment A; (3) transcription of genome-length > ae 
mRNA containing multiple initiation and termination sites for- 















the and te baer En eles Denatured ati 
A. was used to provide translation templates’® in rabbit 






Fig. 2 Tryptic peptide mapping 
in vitro of *°S-Met- tabelled polypeptides 
produced in vivo and in vitro. A, 
polypeptide products identified as 
bands 105K, 62K, 31K and 29K 
on the autoradiograph shown in 
Fig. 1E were excised from pre- 
parative polyacrylamide slab gels, 
and subjected to trypsin digestion. 
The labelled peptides were separ- 
ated in two dimensions by thin- 
layer electrophoresis and 
chromatography, then visualized 
by autoradiography as described 
previously®!*. Samples were 
applied to the bottom right-hand 
(anode) corners. Arrows indicate 
peptides of ¿in vitro-produced 
105K protein that have different 
electrophoretic mobilities com- 
pared with their in vive-synthe- 
sized counterparts. B, tracings of 
two-dimensional tryptic peptide 
maps for mixed digests of polypep- 
tides 62K +31K (top) and 31K+ 
29K (bottom). Protein processing, 
digestion, ‘thin-layer elec- 
trophoresis, chromatography and 
autoradiography were performed 
as described for A. Open regions 
represent peptide spots of 62K and 
29K proteins; cross-hatched areas 
are tracings of peptide spots of 31K 
polypeptide; and solid areas indi- 
cate spot overlaps (electrophoresis 
upper panel, 3. Sh; lower panel, 
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Fig.3 Analysis of proteins synthesized in vitro by translation of denatured IPNV dsRNA in the presence of **S-methionine. A, time course of protein synthesis; 
cell-free protein synthesis was initiated as described for Fig. 1E. At intervals, 2-4! samples were removed from the reaction mixture and denatured by boiling 
in SDS-containing electrophoresis sample buffer. The labelled products were analysed in 11% polyacrylamide slab gels as described for Fig. 1 E. In vitro translation 
primed with dsRNA segment A was stopped after the following incubation periods (min): a, 1; b, 2; c, 3; d, 4; e, 5; f 6: g 7: h, 8; i 10; } 12; k, 
14; l, 16; m, 18; n, 20; 0, 25; p, 30; q, 45; and r, 60. s, In vitro translation products from genome segment B, 60 min. 4, Endogenous product (no RNA added), 
60 min. ICP, labelled infected cell proteins as in Fig. 1E. (Note the position of **P-labelled dsRNA segments near the top of the gel.) The approximate molecular 
weights of the primary gene products are indicated. B, pulse-chase experiment; cell-free protein synthesis was initiated as described for Fig. 1E using both 
segments of dsRNA. At various intervals, 5 u] were removed from the reaction mixture, a 1,000-fold excess of unlabelled methionine was added and incubation 
continued for a total of 60 min. The labelled products were analysed by electrophoresis as described for Fig. 1E . Excess unlabelled methionine was added to 
samples of the reaction mixture at the following times (min): a, 2; b, 4; c, 6; d, 8: e, 10; f, 12; g, 14; h, 16; i, 18; ji 20; k, 30; 4 40; m, 50; n, 60; and o, 60, 
followed by incubation at 37 °C for 16h. p, No RNA was added (endogenous, 60 min). ICP, labelled infected cell proteins as in Fig. 1E. 


reticulocyte lysate. The two dsRNA genome segments were 
separated by preparative polyacrylamide gel electrophoresis 
(Fig. 1A) and recovered by electroelution'’. Due to trailing, 
segment A was contaminated with B even after two cycles of 
electrophoresis, whereas segment B was homogeneous. The 
results in Fig. 1E show that proteins having similar elec- 
trophoretic mobilities to the four primary gene products pro- 
duced in infected cells were also synthesized in vitro. Translation 
of genome segment B produced polypeptide 105K and several 
smaller polypeptides (labelled a-f) which were the result of 
premature termination of translation, as determined by peptide 
map comparisons (data not shown). The 105K protein produced 
in vitro exhibited slightly faster electrophoretic mobility than 
the same protein made in infected cells. This may be due to 
the addition in vivo of prosthetic groups, for example by gly- 
cosylation, methylation or phosphorylation, which may have 
reduced the electrophoretic mobility of ICP 105K. This elec- 
trophoretic difference was also reflected in minor variations in 
the otherwise identical peptide patterns of the in vivo and in 
vitro synthesized polypeptide 105K (Fig. 2A, arrows). This 
polypeptide is a minor product in vivo*“ (Fig. 1C), but was 
produced in large quantities in vitro suggesting that not all of 
the intracellular translational control mechanisms are operative. 

Translation of genome segment A resulted in three additional 
polypeptides having identical electrophoretic mobilities to ICP 
62K, 31K and 29K (Fig. 1E). Due to contamination of the 
preparation with the very efficient template B RNA, polypep- 
tide 105K and its incomplete translation products were also 


found, although in reduced amounts. The tryptic peptide maps 
of the in vitro synthesized proteins 62K, 31K and 29K are 
identical to those of the equivalent proteins produced in IPNV- 
infected cells (Fig. 2A). 

Although rapid protein processing could not be detected in 
vivo’, the high degree of radiolabelling, and the synchronous 
initiation of translation achieved in vitro prompted us to re- 
examine the possibility of post-translational cleavage. Analysis 
of the time course of protein synthesis where in vitro translation 
primed with dsRNA segment A was terminated at intervals 
between 0 and 60 min of incubation, showed that the order of 
appearance of polypeptides was 29K, 31K, 62K (Fig. 3A). The 
time for completion of polypeptide chains was proportional to 
their length, that is, smaller proteins were completed sooner 
(10 min) than longer ones (16 min). A large molecular weight 
precursor polypeptide could not be detected. Such a pattern is 
compatible with three independent initiation sites; it could also 
arise, however, if the order of polypeptides in a putative precur- 
sor were NH,-29K-31K-62K-COOH and if rapid proteolytic 
cleavage occurred as soon as the ribosome had passed the 3’ 
end of a given cistron. 

To distinguish between these two alternative mechanisms, 
we performed the following in vitro pulse-chase experiment. 
Translation was initiated in the presence of *S-methionine, 
then at 2-min intervals a 1,000-fold excess of unlabelled 
methionine was added and incubation continued for 1h to 
complete chain elongation. The data in Fig. 3B show that all 
three proteins became labelled even during the shortest pulse 
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4 Naas of proteins gnari in vitro by translation of 
natured IPNV dsRNA in the presence of **S-fMet-tRNA;“". 
ell-free protein synthesis was carried out using both segments 
enatured dsRNA in the presence of *°S-f-Met-tRNA;"" (as 
ribed for Fig. 1£). The labelled products were analysed in 
lyacrylamide slab gels and visualized by fluorography. a, 
t-labelled in vitro translation product; b, **S-f-Met- 
din vitro translation product; c, same as b but exposed for 
ter period, d, no added RNA (endogenous product); e, ICP 
in Fig. 1E. The molecular weights of the primary gene products 
e indicated along side. B, Thin-layer electrophoresis of the 
S-f-Met-labelled tryptic peptides of polypeptides 105K, 62K, 
31K and 29K. Processing and tryptic digestion of fMet- labelled 
olypeptides were performed as described in Fig. 2 legend. The 
ligests were applied near the anodic end of a thin-layer silica gel 
ate and analysed in parallel by electrophoresis in pyridine/ acetic 
acid/water (1:10: 100 v/v/v) pH 3.5 at 450 V for 6.5 h. The dried 
| was‘sliced into 5-mm fractions and each fraction was placed 
“ina toluene-based scintillation cocktail and counted in a liquid. 
intillation counter. The radioactivity plotted represents net 
unts. greater than twice the background. The broken line marks 
e origin (OR), where samples were applied. Electrophoresis was 
from right to left, with the anode on the right. 














‘hese results are consistent with simultaneous initiation 
lation at three independent sites (one for each protein). 
itiation had occurred at a single site, followed by cleavage 
2 nascent chain, then the proteins should have been labelled 
squentially from the N-terminus of the putative precursor 
molecule, with increasing pulse time. 

It may be argued that the data are also compatible with the 
three proteins having common N-termini (overlapping genes), 
in which case the gene encoding 29K would be situated within 
the gene for polypeptide 31K, which in turn would be located 
within the gene for 62K protein. If this were the case, the 
peptide maps of 29K and 31K proteins would be virtually 
identical and would show a 50% overlap with that of 62K 
p otein; however, this is not the case as shown in Fig. 2B (see 





en the four proteins were synthesized ia vitro in the 
e of *°S-fMet- tRNA", the N termini of all four 
jes became labelled with *S-fMet, indicating 
tion of. translation (Fig. 4A). Furthermore, 
| (N-terminal) tryptic peptides of these proteins 
d different electrophoretic mobilities when analysed by 

j ndave gel electrophoresis (Fig. 4B). These results do not, 
however, exclude the possibility of the three genes initiating 
and overlapping in the different reading frames on the mRNA. 








Alternative: ‘explanations of these, ait are sputi: 
ike, in our view highly unlikely. For example it may be 
argued that. (1). IPNV ‘contains more than two qualitatively 
different RNA segments, however we have shown recently by 
genetic, experiments that the virus contains only two RNA 
species’, (2) One or. two splices in the mRNA could result in 
a change of reading frame without appreciably altering the 
molecular weight of the RNA, but there is no precedent for 
this in the case of dsRNA-containing. viruses. Although 
influenza virus Ns- mRNA is synthesized from NS, mRNA by 
processing'', the sizes of the two NS mRNAs are substantially 


different. It also seems unlikely that the IPNV genomic plus 


strand would be spliced correctly in reticulocyte lysates in vitro. 
(3) It may also be argued that the in vivo mRNA of IPNV is ` 
not completely identical to the plus strand of the virus genome 
and that the two RNAs may behave differently during transla- 
tion. We believe that only complete sequence analysis of both 
RNAs can conclusively answer this question, however, partial 
sequence studies of reovirus indicate that, at least in this case, 
the viral mRNA and genomic plus strands are identical’. 

Eukaryotic mRNAs usually cannot. display more than one 
initiation site for protein synthesis at a time, even if a second | 
site is present on the mRNA and can be rendered functional - 
by a change in. configuration, as in the case of togaviruses’”, aa 
The mRNA of Kunjin virus (a member of the flaviviruses) may 
contain multiple initiation sites for translation; however, this 
has not been demonstrated by in vitro translation using 9§.-f 
Met labelling, nor has it been confirmed by other investi- 
gators'*. Recently, indirect evidence has indicated that the 
late 16S mRNA of simian virus 40 is polycistronic, encoding 
the agnoprotein and VPI (ref. 15). 

Although the results given here indicate that translation of — 
the three proteins encoded by genome segment A of IPNV is 
initiated independently, we have no evidence concerning the 
relative position of the different cistrons on the mRNA. It is 
possible that the three coding regions are located in different 
reading frames and therefore overlap to some extent. Work is 
in progress to determine the order of cistrons on the A segment 
of the IPNV genome. We have also begun in vitro translation 
experiments to elucidate the mechanism of gene expression of 
two other bi-segmented dsRNA-containing viruses, that is, 
Drosophila X virus and infectious bursal virus of chickens’®. 
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THE. business of games is too serious to be 
left to the players, and this is the main 
message of Winning Ways. It is in the long 
tradition of Rouse Ball, Dudeney and 
Lucas, but a great deal further along the 
i line. Some. years ago one of the authors, 
_ John Conway, published On Numbers and 
Games (Academic, 1976). The first half of 
that book contained a highly idiosyncratic 
_ foundation of the number-system, gene- 
_ Tating the integers, rationals and reals by a 
; ‘process which yields them in other 
usual order. There was also an 










-this almost ¢ as an aA to certain 
games; but Conway claimed that this 
- second half was really the main part of the 
“book. Winning Ways generously redresses 
the balance. It is hard to characterize the 















games, understood as broadly as 
le, and with a good deal of 
tical lessons deduced from them. 

‘st part of Vol. 1 discusses the types 
e described in Conway’s earlier 
In these games two players move 
2 ately (often from aparticular starting 
position). according to rules allowing 
` options, untila player loses by being unable 
to move. There is complete information — 
both players know what is happening. So 












- Games’’, and no intervention of chance is 

allowed. Nim is the prototype of such 

games. (Elsewhere in the book some of 

¿these conditions are relaxed, but never the 

restriction to complete information and no 

chance.) 

_ There are two foci of interest: the 
technique of attaching numbers to 
positions in games to assess their values, 
and the analysis of the structure of new 
games formed from the sums of known and 
analysed ones. The first of these is so 
simple as to excite (initial) disbelief. If in 
any position P the two players have options 
leading to positions of values, a,b,c. . ., or 
d,e,f .. . respectively, the value of P is 
written {a,b,c ...| d,e,f .}. This 

en may or may not bea number. If a,b,c 

CE ak . , are all numbers, the value of 

ie D Ginpldst number (to find out 

it implest means you have to 
it exists, strictly greater 

nd strictly less than d,e,f 

y. of this system is that it 

or{ | }, in which neither 

ove, is a zero position i.e. 









: The paies 


rent, ‘except to say that itis mathema- 


is is precisely mot the ‘‘Theory of- 
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Winning Ways, Jor Your Mathematical 


Plays. By Elwyn R. Berlekamp, John H. 
Conway and Richard K. Guy. Two vols, 
pp.850. Vol. | Games in General, hbk 
ISBN. 0-12-091150-7, pbk ISBN 
Q-12-091101-9; Vol. 2 Games in Particular, 
hbk ISBN 0-12-091152-3, pbk ISBN 
Q-12-091102-7. (Academic: 1982.) Each 
volume hbk £31.40, $64.50; pbk £10.80, 
$22. 50. 


{| }= 0. Then g p=1, {1| p= 
eat 0} =~-1, {0)1 = Vr, ao 
the value of P is a number, it has an 


immediate interpretation as the number of 
moves. advantage. (Then “% would 
correspond toaone move advantage in two 
copies of the game played together — and 
this leads on to the idea of the sum of two 
games, in which they are played side by 
side, and each player, when he moves, may 
choose to move in either game.) But even if 
the value is not a number, and so belongs to 
a natural extension of the rational numbers 
including. infinitesimals, the ordering can 
be extended to say something useful. 


An example of the games — and humour — in Winning Ways, taken from Vol.1. Aboveisa 
view of Corrall Island, which was a Charming Antipodean Beauty Spot before the Corral: 
Automotive Betterment Scheme, financed by the island’s three wealthy landowners, built 
those expensive new super-highways. The island’s two political parties (Left and Right) are. 
now running for election and the gallop polls predict a walk-over for whichever party puts the © 
last car on the scrap-heap. The parties have already enforced the one-way system indicated 
and each will alternately bribe a chauffeur to drive his car along one highway (in the pi 
direction) to the next intersection. You will see that there is no legal move away from 
scrap-heap. How should we advise the ruling party, which must make the first move 


mathematicians play 


























































The second part of the book, ‘which 
concludes Vol. 1, goes on to games where 
some conditions are relaxed: you can move 
in several components of a compound 
game, or must move in all, or there are 
infinitely many positions, or the game may 
not stop. The main part of Vol. 2 applic 
these ideas to games of various kinds w 
coins, pencil-and-paper or on a board. | 

The approach is typified by nou t 
and-crosses, of which a concise yi 
complete analysis is given. AS the z 
say: rn e a 
We have no doubt that most of our read 
bright enough as children to discover thé 
game] always » happens when the. A 
properly played, and only the authors 
like Winning Ways retain sufficient. 
study the game in any detail. 

But they. goon, with approval, to qu 
Martin Gardner’ s implied castigation 
“many players [who] have the. m sta 
impression that because they are 
beatable they. have nothing moret te 
These two views summarize the 
and lessons of the book, applied 



































































ecent news is chee available: for “exaniple, 
hat every sufficiently well-posed 
mathematical question can be converted to 
_ question about the ultimate destinies of 
some. Life configurations, so that Life is as 
insoluble as mathematics. Again, to quote: 
*‘Many computers have been programmed 
to: play the game of Life. We shall now 
return the compliment by showing how to 
define Life patterns that can imitate 
computers”. One of the one-person game 
-chapters is solitaire and its extensions, the 
second on puzzles (the Tower of Hanoi, 
eight. concise pages on Rubik’s cube and so 
on). 
_ The books are elegantly printed and 
ritten in a light-hearted vein, with a high 
ensity of puns per page, some outrageous 
jut all appropriate. There is a wealth of 
llustrations — many of them are in colour 
or which particular praise is deserved. 
food index begins with an essential 
sary of symbols. 
-you make a practice of playing 
matical games this book is a must; 
ure not play again without it. But even 
notamong those who indulge you 
oO readit, as evidence of the insights 
mathematics and physics you’re 
is = 











W. Kilmister, a Professor in the Department 
Mathematics at King’s College, University of 
ndon, is totally incompetent at any of the 
es mentioned. He has, however, used the 
jaterial in Conway's earlier book to try to 
ide a combinatorial reformulation of 
u tum mechanics, 





Jncovering discovery 
I. Bernard Cohen 





The Social Basis of Scientific Discoveries. 
By Augustine Brannigan. Pp.212. Hbk 
ISBN 0-521-23695-9; pbk ISBN 0-521- 
-28163-6.. (Cambridge University Press: 
1982.) Hbk £12.50, $24.95; pbk £4.95, 





Most of this new book by Augustine 
Brannigan is devoted toa review of theories 
about the nature of discoveries in science. 
The author begins with a description of 
various psychological theories of scientific 
discovery, limiting himself to the work of 
philosophers of science and not really 
nvestigating the accounts of psy- 
vologists.. He then switches to the 
s ‘gence of a social model of 
which leads him into the 


nvironment, nature versus nurture. 
For convenience, Brannigan begins with 
rancis Galton’s Hereditary Genius, 


mental. question of heredity versus 


zat envionment, hala how nat E of | 


history ‘‘emerged as a function of cultural 
development’’. In particular, Kroeber 
emphasized the significance of multiple 
discoveries in science as proof of the 
importance of the general intellectual or 
cultural milieu as opposed to that of 
individual acts of genius. Recently the 
argument about multiple discovery has 
been advanced and developed by Robert K. 
Merton and his students and co-workers. 
Brannigan further develops Merton’s ideas 
in a most interesting and incisive manner 
and then contributes a thought-provoking 
analysis of the work of Mendel in relation 
to its alleged multiple rediscovery. 

This leads Brannigan into an account of 
the nature of discovery itself and of what he 
calis ‘‘folk reasoning’’ concerning the 
theory of scientific discovery. There is a 
concluding discussion of the sociological 
features of discovery, where the author 
develops his own views of the subject and 
includes a model in which ‘‘the normative 
considerations described by Merton’’ are 
enlarged by consideration of the 
“cognitive grounds’’ for disputes 
associated with multiple discoveries. The 
author can only be applauded for this 
attempt to add a new dimension to the 
current debate, but it is greatly to be 
regretted that this important idea is not 
developed by fully worked-out examples. 
And it is the same for the author’s 
programme for analysing ‘‘the rhetorical 
and organizational status of methods in 
science’. It is very frustrating that in the 
final page or so he no more than hints at 
research concerning ‘‘aspects of the 
scientific community, its productivity, its 
stratification system, and factors which 
influence these things”. He introduces a 
number of suggestions, but they are shot 
forth with rapid fire, not illustrated or 
developed. 

Indeed, one of the great criticisms to be 
levelled against this book — and against so 
many works of this type — is that there are 
passing references to many individuals and 
episodes in the development of science, but 
nothing more. Only in the case of Mendel 
does Brannigan attempt to do any serious 
history. He does, to be sure, introduce 
some aspects of the discovery of oxygen, 
but even here there is no attempt to go 
deeply into either the primary sources or 
the major scholarly investigations which 
could have further illuminated this topic, 
both for himself and the reader. As a result, 
the book will appeal more to those 
interested in theoretical questions of the 
sociology or philosophy of science, than to 
scientists or those whose primary concern is 
science itself. m 


F. Bernard Cohen is Victor $. Thomas Professor 


of the History of Science at Harvard University. _ 
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Edited by 
Pp.492. ISBN 
0-8451-0070-X.. (Alan R: Liss/Heyden: “ 
1981.) $86, £68. 





THIS curious volume was cobbled together 
from some of the papers given at the first 
S.B. Gusberg Seminar on Reproductive 
Immunology, in June 1980 in New York, 
and from contributions solicited after the 
event which give it a strange chiaroscuro 
feel. The editor seems to have aimed at 
obstetricians and perinatologists, as well as 
immunologists and developmental 
biologists. There are several very good con- 
tributions but also some appalling ones. 
The book begins with three introductory $% 
chapters: two, on immunogenetics and 
immunoassay are good; the third, ‘‘Intro- 
duction to Immunology’’, is dreadful. It 
opens with a reasonable historical intro- 
duction, but the rest is full of errors of fact 
and misconceptions too numerous to 
detail. One is left asking whether this was 
necessary and why the author, an obste- 
trician whose knowledge of immunology is _ 
patently sketchy, was asked to write it. | 
There follow an excellent discussion of 
V-gene activation, solid contributions on 
immunoglobulin synthesis and lymphoid 
cell ontogeny, and a poor chapter on the 
development of the fetal immune system: 
how could the authors fail to discuss the 
acquisition of self-tolerance? The next 
part, ‘‘Pregnancy Immunology”, begins 
with a brilliant overview of the 
immunobiology of the materno-fetal 
relationship by Rupert Billingham: clear 
and well-written, it makes much of the rest 
of the book seem redundant. There are other 


informative chapters here, however, on 


syncytiotrophoblast, uterine lymph node 
reactivity, maternal lymphocyte reactivity 
and breast milk. The next section starts well 
— Bill Pollack’s chapter on Rhesus haemo- 
lytic disease — which makes further 
comment (from Cherry) unnecessary. 

Asis typical of the uneveness of the book 
as a whole, the following section contains 
two good contributions, on SLE in preg- 
nancy and trophoblastic disease, as well as 
two frightful. ones, on common denom- 
inators of pregnancy and malignancy and 
on the immune system in gynaecological 
malignancy. The last 95 pages, however, on 
fertility immunology, would have merited 
publishing on their own. All nine chapters 
are worth reading, particularly Bigazzi’s 
excellent review of the immunological 
effects of vasectomy. | 

There are virtually no new data in this * 
book. Out of 32 chapters, twelve are fair to ` 
good, nine bad to ghastly and the rest — 
average. Reading it is likely to make the ~ 
obscurity of pregnancy immunobiology 
darker yet, at a time when the relative 
importance of ‘syncytiotrophoblast 
antigens, f the. maternal responses to them, 















he authors are seemingly unaware 
wor going on elsewhere in the world. I 








-Dudley C. Dumonde 


The Lymphokines: Biochemistry and 

Biological Activity. Edited by John W. 

Hadden and William E. Stewart II. 
~Pp.437. ISBN 0-89603-012-1. (Humana/ 
Wiley: 1981.) $59.50 in the United States, 
_ $69.50 elsewhere. 





IN 1982 the serious student of immunology 
need no longer doubt the existence of 
_ lymphokines: he has only to consult the 
literature. As non-antibody protein 
ts of lymphocyte activation, 
hokines act as mediators and regu- 
; of many aspects of lymphocyte 
- function, After a slow start in the 1960s the 
pace of lymphokine research began to 
quicken. Semantic barriers were broken 
down: between mouse-doctors studying 
“‘help’’; guinea-pig doctors studying 
‘‘delayed-type hypersensitivity’’; and 
aman doctors studying ‘‘disease’’. By the 
of the 1970s two international con- 
ces on lymphokines had been held, a 
special review journal devoted to the sub- 
‘had been launched, and lymphokine 
. research had become one of the most vig- 
-orous fields of molecular and cellular 
immunology. 
= Now in 1982, gone are the days when 
sceptics viewed the term ‘‘lymphokine’’ as 
having merit only in so far as it could be 
used both as a noun and as an adjective. 
The application to lymphokine research of 
brighter biochemistry, supplemented by 
‘techniques of cell hybridization, cell 
cloning and gene cloning, has even 
awakened venture capital: not only is there 
-a ferment of lymphokine literature but also 
-a ferment of medical interest in the diag- 
‘fhostic and therapeutic potential of 
lymphokines. Accordingly the lympho- 
kinologist of the 1980s will find that Dr 
Hadden and Dr Stewart have edited a book 
which must be compulsive reading and 
which must be compulsively purchased 
given the current pressures of information 
retrieval. 

In The Lymphokines the discerning 
consumer will find his favourite item 
delicately positioned between an 

< appetizing prologue by Byron Waksman 
; and a satisfying epilogue by Barry Bloom. 
Considerable effort has been made by the 
tors — all authorities — toempha- 
hat is known about the physico- 
ature of lymphokines and the 
events that attend their pro- 
on and action. This theme is well 






























Y e chapters lave. an. acular 


Colin Stern is a Consultant in Pediatrics at St 


Thomas’ Hospital, London. 


_Lymphokines for the nineteen eighties 


illustrated in the first half of the book by 
chapters on chemotactic, migration- 
inhibitory, macrophage-activating, 
cytotoxic, thymocyte-stimulating and 
colony-stimulating lymphokines. A most 
useful feature is the inclusion of two 
chapters on the confusing subject of helper 
and suppressor factors (though at the time 
the book was finally edited, the term 
‘‘interleukin’’ would seem to have only just 
been coined). There is a chapter on inter- 
ferons by Dr Stewart himself; here I would 
like to have seen a more critical discussion 
of the relationships between interferons 
and lymphokines. 

Having dealt with what we all regard as 
*‘lymphokines’’, the second half of the 
book is comprised of chapters on leukocyte 
transfer factor, immune RNA, macro- 
phage secretion products including 
prostaglandins, monocyte/granulocyte 
haemopoiesis and thymus hormones. To 
this extent the book is heterogeneous, 


_ though the student of lymphokines cannot 


afford to ignore current knowledge of 
other factors apparently regulating 
lymphocyte and leukocyte function. The 
general standard of production is satis- 
factory, though the subject index lacks 
details and there are quite a number of 
typographical errors. 

- Yes! This is a useful addition to the 
lymphokine literature, although it is not 
necessarily the ‘‘key resource” on the sub- 
ject. If the aim of the book is to relate 
lymphokine biochemistry to biological 
activity, then it must be regarded as prema- 
ture, simply because much of this research 
remains to be done. In fact, it seems to be 
this very theme that runs through many of 
the contributions, as if the authors were 
aware that whilst they were writing their 
reviews someone else was busy cloning the 
mRNA of interleukin 2 in Xenopus 
oocytes, or copying the gene for 
y-interferon in E. coli. Can one capture at 
any moment the pace of a fast-moving 
scientific field with all of its genetic, bio- 
chemical, biological and clinical impli- 
cations? Drs Hadden and Stewart, together 
with their well-known contributors, have 
sallied forth where some others may have 
feared to tread. The result is appealing. ©) 


Dudley C, Dumonde is Professor of 
immunology and Head of the Department of 
Immunology at St Thomas’ Hospital and 
Medical School, London. 
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observed phenomena and related 


. theoretical semiconductor physics and 


| June 1982 xi+302pp 
 0-85274-516-8 £24.00 


Medical Physics Handbooks 12 l 
Radionuclide Techniques i in 
Clinical Investigation 


` radiopharmacėuticals in clinical 
§§ production of radionuclides (using nuc 
radionuclide generators), safety aspec 


E of their administration to patients, and 
Ẹ the choice of which radionuclides. to use 


| June 1982 x + 172pp 














This educative monograph is written to. = 
meet the current need for an authoritative 
survey of the physics of deep-ievel Ee 
impurity systems in semiconductor ©oo 
materials. An understanding of deep =o. 
levels is important because they play a 
significant part in many processes 
affecting the functioning of 
semiconductor devices. The advent of 00... 
more sophisticated devices has prompted 
recent research efforts from which new. | 
insights have emerged concerning the 
nature of deep levels. This book 
summarises the new consensus of 
opinion, which has previously been 
confined to the research literature, and o o 
provides a conceptual and quarititative 
understanding of a wide range. of 














































problems involving deep levels. it will be 
useful to researchers in experimental and: 


devices, and to advanced students. 


P W Horton 


A practical: guide to the use of. 
investigation. The author describes. thi 


reactors, medical cyclotrons and 


for. particular clinical applications. He als 
discusses the commonly used methods 6: 
measuring radioactivity, both in vive and 
in vitro, and explains the principles of a 

wide range of clinical applications. | 
intended for advanced undergraduate and E 
postgraduate students and research A 
workers in nuclear medicine, technicians 
and radiographers with some previous 0 7 
training in this field, and life scientists. 
using radioactivity in their researches. 


0-85274-503-6 £13.95 
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eborne Sjnthelic Apru Radar for 


at S. DeLeonibus and Isadore Katz. 
»p 216. ISBN 0-8018-2668-3. (The Johns 
Hopkins University Press: 1981.) $29.25, 


THE US spacecraft Seasat, launched in 
June 1978, carried among its instrument 
complement a synthetic aperture imaging 
— radar, SAR, operating at a radar wave- 
_length of approximately 21 cm. During the 
-satellite’s short, three-month life, this 
: instrument provided about 1.5 million km 
of imagery, mapped in a 100-km-wide 
swath at a resolution in excess of 40 m. The 
high resolution imagery represents a new 
and important vantage point for viewing 
phenomena occurring near the surface of 
the sea. This volume, stemming from a 
osium held at The Johns Hopkins 
‘sity Applied Physics Laboratory in 
spring of 1980, presents the first broad, 

nt publication of results and 
tanding. of radar imagery of the 
urface. 

SAR has oe images of the sea 








Side imagery of long-length surface 
avity waves, from which one might 
derive a badly needed quantity, namely 
yo-dimensional surface wave spectra, via 
yurier transform techniques. The ocean 
ice as seen through the radar’s eye has 
ved to be marvellously more com- 
ted than anticipated, however, with 
dditional features as internal waves, 
nt boundaries, eddies, wind stress 
tions, rainfall, oil slicks and shallow 
| ottom topographic features appearing in 
the radar image. While surface waves with 
-lengths greater than perhaps 100 m can 
‘often be seen in SAR images as periodic 
modulations, the functional relationship 
- between the power spectral density 
obtained from. the film and the surface 
wave psd is essentially unknown. Indeed, 
-there is much discussion in the book of the 
a basic hydrodynamic mechanisms that 
allow: long waves to be imaged via 
_ variations in 30 cm wave energy. It follows 
_ that the theory of the i imaging process for 
the ocean surface is in a relatively 
rudimentary state. 

: The book opens with generalized dis- 
ussions of surface wave characteristics by 
ips and Kitaigorodskii, followed by a 
retical exposition on SAR imaging 
isms by Harger and a review of the 
of our understanding of oceanic 
‘inds by Pierson. A number of more 
etailed research results are presented next, 
assified according to winds, waves and 
irculation. These are punctuated by 














Oceanography. Edited by Robert C. Beal, 


‘dramatic examples of SAR mages; mostof part -of ceano 
orologists, ver’ forward-looking civilian. 


which are of regions off the US east coast 


(thereby revealing the geographical 


orientation of the contributors to the 
book). The clear emphasis of the research 
papers is on geophysics, not radar 
technology. Then follow reproductions of 
some 21 full-swath SAR images of the 
western North Atlantic, New England and 
the central Atlantic states, prepared by the 
symposium organizer Robert Beal; these 
illustrate the myriad of land and ocean 
features that characterize Seasat radar 
images. 

This volume represents the first org- 
anized exposition of the oceanic results 






marine mete- 


and military users of the sea. The results — 
presented here are so unusual and 
compelling that the future will almost of 
necessity see additional imaging radars in 
space; however, a great deal of research 
work remains to be done before maximum 
use can be made of such instruments. 





John R. Apel, now Assistant Director for 
Planning in the Applied Physics Laboratory at 
Johns Hopkins, was until recently at the Pacific 
Marine Environmental Laboratory of the 
National Oceanic and Atmospheric Administra- 
tion, Seattle. 


Explosion in palaeobotany 


W. G. Chaloner 


Paieobotany, Paleoecology, and Evolu- 
tion. Edited by Karl J. Niklas. Vol.1, 
pp.297, ISBN 0-03-059136-8; Vol.2, pp.279, 
ISBN 0-03-056656-8. (Praeger: 1981.) Vol.1 
$37. 50, £31. 25; Vol.2 $36, £27. 


PALAEOBIOLOGY has, in its own jargon, 

undergone a recent evolutionary 
explosion. Twenty years ago the study of 
fossil plants consisted largely of 
investigating their structure, and where 
possible reconstructing the whole plant 
from its variously preserved fragments. In 
the past two decades, however, the science 
has linked up with a number of bordering 
disciplines to encompass the development, 
reproductive biology, biogeography, 
biochemistry and a range of other aspects 
of past plant life. These two volumes 
contain a collection of papers by workers in 
the United States, which illustrate this 
diversity of new approaches. They were 
presented at a symposium held in Cornell 
University to honour Professor Harlan P. 
Banks on his retirement. The theme is very 
fitting, since over some 35 years of research 
and lecturing Banks has contributed 
uniquely to giving fossil botany an image 
not only of a challenging and rigorous 
science, but of an exciting one for students 
to enter. 

The volumes comprise 14 articles dealing 
with topics ranging from Pre-Cambrian 
microfossils (E. S. Barghoorn) and 
palaeoecology (A. H. Knoll), through 
Devonian plant structures (C. B. Beck) and 
Carboniferous swamp ecology (T. L. 
Phillips and W. A. DiMichele) to various 








aspects of gymnosperm (T. N. Taylor) and. 


flowering plant evolution (G. Retallack 
and D. L. Dilcher; J. A. Wolfe and W. L. 
Crepet). Two chapters deal largely with 
extant plants in the context of their 
evolutionary history — T. Swain and G. — 


Cooper-Driver with biochemical strategy 
of primitive land plants, and R. M. 
Schuster with liverwort evolution. Three 
deal with a broader perspective of 
evolutionary processes, B. H. Tiffney 
reviewing changing diversity through the 
history of land plants, T. J. M. Schopf the 
process of genomic change, and A. M. 
Ziegler and others the biogeography of 
plants through the Palaeozoic. 

Evidence for the interaction of plants 
and past environments is a recurrent 
theme. The study of microfossils is still 
very young, and the prospect of 
unravelling their ecology, novel. But Knoll 
is able to demonstrate convincingly the 
correlation between environment of 
deposition and various aspects (species 
diversity, association) of Precambrian 
microfossils. The occurrence of this 
“horizontal? variation between different 
assemblages, in addition to the well- 
documented ‘‘vertical’’ changes, 1s 
important for two aspects of Precambrian 
work: if such microfossils are to be used in 
dating rocks, the environmental control of 
assemblages must be understood; equally, 
if we are to interpret this early phase of 
plant history, itis important not to confuse 
migration in response to environmental 
change with evolutionary innovation. A 
different aspect of palaeoecology is 
reviewed by Phillips and DiMichele in a 
quantitative review of the vegetation of the 
Carboniferous coal swamps, preserved ina 
three-dimensional state in coal balls of the 


American Mid-West. These give quantita- * 


tive data on biomass, species diversity and 
succession. Remarkably few genera | 
constitute the dominant plants in the 
assemblages, in contrast to present-day — 


humid tropical-forest. Little evidence of 


directional succession emerges, and abiotic 


factors (water level, salinity) were evidently 











petate deciduous f orest is adn as 
a guide to its origin. Wolfe examines the 
- Late Tertiary replacement of broad-leaved 
- forest by conifers in the Pacific north-west. 
For those overwhelmed by the complex 
: interactions of environmental factors, it is 
„refreshing to learn that the ‘‘sole factor” in 
the assumption of dominance by conifers 
in that region was the declining summer 
temperature. 
Perhaps the most far-reaching 
contribution is Schopf’s reconciliation of 
molecular and  palaeontological 
“approaches to. evolution. He concludes 
that ‘‘speciation may be so instantaneous 
: geologically that many such events might 
E well occur. within the best possible 
5 tion of the fossil record”. He argues 
yen if our record of past life is the 
f gradualistic change, the process 
s formation puts its own punctuated 
amp upon the picture. Which brings us, 
appropriately, back to Darwin’s 
reservation over the ‘‘imperfections’’ of 
the fossil record : 8 












We G. Chaloner is Professor of Botany at 
Bedford College, University of London. 





L ‘oom for giants 
Janet V. Watson 
Teneous Rocks of the British Isles. Edited 


DS. S : .645. ISBN 
71-27810-6. (Wiley: 1982.) £55, $132. 





: For more than three thousand milion 
years, melting in the outermost parts of the 
Earth has been an unusual event taking 
l place only when and where temperatures 
rose to abnormally high levels. Igneous 
‘rocks formed by the consolidation of 
silicate melts therefore appear in the 
geological record as indicators of 
anomalous disturbances which are almost 
always related in time and space to major 
structural changes in the Earth’s crust and 
mantle. 

A book designed to document the record 
of igneous activity in the British Isles must 
therefore aim to throw light on the dynamic 
evolution of the entire crustal province if it 

i is ‘to be more than a source-book. From 
many points of view, there is a real need for 
rk of this kind. As Dr Sutherland notes 
itorial preface, no general 
been published since Geikie’s 
noes of Britain appeared in 
literature which has accumu- 
f lated since that date i is 5 vast, chaotic and 












much by the exceptionally attractive dust- 
jacket as by the table of contents, 
geologists will therefore open this book 
with thankfulness and hope. 

Much care has been taken to make it as 
useful as possible as a work of reference. 
The treatment is broadly chronological and 
each of the seven parts opens with a general 
scene-setting chapter. The distribution of 
igneous suites and the structure of 
individual complexes are recorded in many 
clear maps, well-designed for their 
purpose. The descriptive chapters conform 
to a fairly consistent pattern which makes 
for ease of reference. Chemical analyses, 
geochronological data and petrographical 
details are segregated in appendices (the 
petrographical appendix living up to a 
hallowed tradition that goes back to 
J.J.H. Teall}. All these are excellent 
features, due, no doubt, to good planning 
and editing. 

The contents of the descriptive chapters 
vary in scope and style according to the 
kind of information available and the 
predilections of individual authors. The 
Tertiary province comes off best, with a 
cluster of chapters covering the volcanics, 
the centres, the dykes and the petrogenetic 
story collectively building up a coherent 
picture in which details fall easily into 
place. Eisewhere, there are some 
unexpected gaps (why does the best- 
exposed British ophiolite, in Shetland, rate 
only a passing mention?) and a number of 
thin patches not all of which can be put 
down to paucity of evidence. 

More disturbing, however, is the 
apparent shapelessness of the sections 
covering the central event of British 
geological history, the Caledonian 
orogenic cycle. The decision to deal 
separately with volcanic and ‘‘plutonic’’ 
assemblages bears especially hard on these 
sections where the progression of tectonic 
events through subduction to collision and 
uplift is almost lost sight of. Though 
defensible in terms of convenience, the 
separation leads to absurdities such as the 
allocation of the Glencoe ring complex and 
the ignimbrites erupted in this complex 
during cauldron subsidence not only to 
different chapters but even to different 
parts. The British Caledonides emerge 
from this book as untidily as they co in the 
field. One longs in vain for the 
authoritative touch that might have shaken 
this sprawling orogen into shape. The 
Tertiary province has never lacked giants 
who measured up to its challenges. There is 
still, on the evidence of this book, 
something left for giants to do in the older 


-= 


parts of Britain. E 


Janet Watson is a Professor in the Department 
of Geology at Imperial College, University of 
London. 
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T: he Archives 37 the Peat Bogs. | 4 
Harry Godwin. Pp.229. 
0-521-23784-X. (Cambridge University 
Press: 1981.) £25, $49.50. : 


Ir HAS probably come as.a surprise to many 2 
a young scientist to realize that scientific 
work is as much about people as it is about _ 
science. This is amply illustrated in Sir 
Harry Godwin’s book. It is also an 
adventure story. Through it all runs a sense 
of compelling interest and excitement. — 
Above all, however, the author illustrates _ 
the way in which ideas about the natureand _ 
importance of peat bogs have flowed down 
the generations of scientists. It becomes, 
incidentally, an interesting contribution: to 
the history of science. 

In 1935 we find Godwin confessing “my 
ignorance of bog ecology was vast’’. But he 
began to learn his trade in the “magical 
Irish countryside’ ’ (acting as chauffeur 
model T Ford) on an excursion to` el: 
with Hugo Oswald and A. G. Tat 
They chanced to meet, in Roundste 
another group including Knud Jessen, tl 
great Danish Quaternary scientist, and’ 
of his students, G. F. Mitchell. This gr 
had just embarked on their studies of I 
bogs. We are treated to an enduring car 
‘of one of the fruits of this meeting: 
party slowly sinking into the mire as t 
listened to an apparently intermi 
discussion between Jessen and Oswa 
interminable Irish rain, on Von be 
concept of soligenous bog. E 

From this encounter came. the i 
among. the younger workers of poo 
their experience to work on an uninve 
gated British peat bog. Thus in: 1936 bega 
the classical work on the stratigraphy. 
ecology of Tregaron Bog in Dyfed, no 
National Nature Reserve, which is bri 
reviewed. The story continues with- 
Godwin’s adventures in the Somerset 
Levels and Borth Bog (Cors Fochno) > — 
Dyfed. The first scientific investigation of _ 
this now famous bog (again a National _ 
Nature Reserve) was apparently nearly _ 
frustrated by the presence of a wide drain. | 
Having thrown their impedimenta over it, | 
Godwin and his companion (D< H. | 
Valentine) had no alternative but to 
undress and swim for it. | 

It is apparent that Harry Godwin soan : 
fell in love with British peat bogs, not only | 
as archives, but because of their flora, This _ 
he affectionately describes, treating the . 
various species as the dramatis personae of 
the historical pageant. In his descriptions 
of the bog plants he takes care to show how | 
they can still be recognized after their 
preservation in the peat. These tricks of the _ 
trade are one of the many valuable side- 
lights of the book. E 

The ability to recognize the su 
remains of bog plants is of c 
fundamental importance in under 














































































initially with A. R. Clapham) to piece 
together their basic history. The 
` substantial part of the book given over to 
: this work is not only a compelling detective 
“story: it also includes a rather charming 
love story for good measure! The 
treatment of the Somerset Levels is 


ie particularly valuable. It brings together in 


-an easily digestible form material from a 


<> number of scattered papers. Like the work 


‘as a whole, this account can be read with 
equal pleasure and profit by the research 
student and the general reader with 
interests in natural history and 


archaeology. 


aO on n the vegetation of Britain, and — 
“the impact of the new technology of 


a a ee in ie ee of a radiocarbon dating on the subject. There is 


` Somerset Levels enabled Godwin (working 





nd 


shorter coverage of climatic influences and 
sea-level changes, the origin of blanket 
bogs and their subsequent erosion. 
Godwin’s account ends intentionally at 
about 1960, though with most of his topics 
he does allude to subsequent work. How 
happy itis that he has been inspired to write 
it as a personal story. In doing so he has in 
no way compromised his science. The book 
is a pleasure to read: a book to be re-read 
and re-enjoyed, not only used as a work of 
reference. n 


A. G. Smith, a former research student of Sir 
Harry Godwin, is Head of the Department of 
Plant Science at University College, Cardiff. 





Scene in New Guinea with characteristic animals (from the Geographical Distribution of 

Animais, 1876}, showing Wallace's selection of Papuasian animals to contrast with the 

|. Sundaic animals. Left to right and top to bottom: a tree kangaroo Dendrolagus inustis, the 

> fairy lory Charmosyna papou, the twelve-wired bird of paradise Seleucides melanoleuca, the 

common paradise kingfisher Tanysiptera galatea, and a crowned pigeon Goura cristata 

(coronata). In the companion plate to illustrate the Sundaic fauna, Wallace chase the western 
tarsier, flying lemur, pentail treeshrew, Malay tapir and lesser mousedeer. 
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Wallace’ 5 ‘Line and Plate Tectonics Edited 
by T.C. Whitmore. Pp.91. ISBN 
0-19-854545-2. (Oxford University Press: 
1982.) £15, $39. 


Ir WAS in a letter to H.E. Bates, written in 
1858 from the Malay Archipelago, that 
Alfred Russel Wallace first drew attention 
to the two distinct and rigidly circumscribed 
faunas which are found in that region. 
They are as different, claimed Wallace, as 
the faunas of Europe and North America, 
yet there is no obvious geographical reason 
for their separation. Often the line of 
demarcation passes between islands lying 
close together. 

The cause of this biogeographic dis- 
continuity has provided much fuel for 
debate and the area featured strongly in the 
proposals of Wegener in support of his 
theory of continental drift. With the 
modern developments in plate tectonics 
much of the mystery has been removed 
from the subject, but the area remains one 
of the clearest demonstrations of the 
biogeographical consequences of moving 
continents. This book is a collection of 
essays by various authors setting forth the 
current state of knowledge concerning 
relationships between various plant and 
animal distribution patterns and the 
tectonic development of the area. 

An historical background to the subject 
is used as an introduction and emphasis is 
placed on Wallace’s own indecision regard- 
ing which side of the islands of Celebes his 
line should lie. As aresult of a succession of 
faunal and floral analyses during the past 
120 years, the line has often migrated in the 
minds of men. Two essays trace the con- 
tinental movements leading up to the 
establishment of the discontinuity, and are 
accompanied by some detailed 
cartographic reconstructions. On the basis 
of geological data, Audley-Charles con- 
siders that the line of convergence of the 
Australia~New Guinea plate with Asia 
actually runs through the island of Celebes, 
thus explaining its biogeographical 
complexity. 

The collision was a relatively recent one, 
occurring about 15~5 x 10° years ago, but 
there has still been considerable time for 
floral and faunal migration, mixing and 
even evolution, and the remainder of the 
book consists of a series of analyses of the 
biogeography of specific groups of 
organisms (vertebrates, palms, and other 
plants) in the light of recent palaeoclimatic 
and palaeoenvironmental reconstructions. 

The papers presented in this book are | 
concise, clear, well-illustrated reviews ofa 
variety of specialist subjects, all of which 
impinge upon the modern view of 


Bacay i 


Wallace’s line. = 





Peter D. Moore is Senior Lecturer in the 
Department of Plant Sciences, King’s College, 
University of London. 
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Time to chart Europe’s future 


Britain is once more the black sheep of Europe, after another row about agricultural policy, 
but the event is also an opportunity. Somebody should seize it. 


This is turning out to be a bad year for the European 
Community. After what should have been a cheerful twenty-fifth 
anniversary (see Nature 25 March, p.278) that had most member 
governments asking ‘‘What have we done wrong?’’, a quarrel 
redolent of the turbulent 1960s has broken out between Britain 
(assisted by Denmark and Greece) and the six other states. The 
issue is that which has dogged the Community since it began — the 
price to be fixed for agricultural products in the year already 
under way. British unwillingness to agree to price increases 
exceeding 10 per cent had been well advertised in advance, as had 
the British government’s insistence that this year, as in the past 
two, it should pay less towards the common budget than the rules 
of the Community require. With other things on its mind (see 
below), the British government obviously failed to sense that if it 
stuck to its position, the convention that any member state can 
veto any proposal would not save it from being voted down. This, 
in the event, is what happened. In the next few weeks, the member 
states will be looking for some way of picking up the pieces. 

That will not be easy. Ever since it joined the European 
Community in 1972, the British government has been grumbling 
about the common agricultural policy, in effect a device for 
paying European farmers well so as to produce more food than 
Europe can consume. For much of that time, the British have 
been chipping away at the policy, and not always in the most high- 
minded spirit. Only a few weeks ago, a British agriculture minister 
was boasting to the House of Commons how he and his colleagues 
had managed to dip British hands into the pork barrel, winning 
more than a quarter of a new subsidy on suckling cows and 
virtually the whole of the novel subsidy for sheep. The difficulty, 
which successive British governments have been slow to 
recognize, is that the common agricultural policy, the constant 
but of their complaints against the Community, is as much a 
political necessity for other member states as is the right to veto 
any proposal judged to touch a vital issue is for Britain. These are 
eminently circumstances that call for compromise and self- 
restraint. Pretending that the truth is otherwise will lead nowhere. 
The ideal is that the common agricultural policy should wither, 
perhaps because it is overtaken by farmers’ recognition that, in 
the modern industrial state that Europe seeks to be, there are 
more interesting and profitable things to do than till the land. 
What the Community should be looking for, in the rowdy weeks 
that lie ahead, is some means of making that ambition come 
nearer. 

The difficulties are nicely illustrated by the grand French plan 
to do something within the Community about the commercial 
challenge from Japan in the electronics industry (see page 257). 
The obvious objection to the French plan for the revivification of 
the French electronics industry is that it is a national plan, and one 
based on the substantial investment of government funds. Even if 
the enthusiasts for the scheme were able to recruit the funds they 
seek, and if their use of them were wise, the result would merely be 
to make the electronics industry in the rest of Europe even more 
hard-pressed than at present. The result of that would be to renew 
the clamour that national governments should do even more than 
at present to help their own domestic manufacturers, perhaps by 
putting more business their way. The end result would be a system 


oy not very different from that now embodied in the common 
~~ agricultural policy — a European electronics industry protected 
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trom the outside world by high tariff barriers, selling its products 
at prices that are too high and competing fiercely with itself, That 
is not a recipe for meeting the challenge from outside but, rather, 
a recipe for continued failure. The government of France seems 
not to appreciate that the Japanese success in electronics has been 
founded on an accurate appraisal of the international market, 
and that the only effective counter — admittedly only a first step 


— js to make the European market in electronic products - 


thoroughly international. So will the French, and their 
Community partners, give up their present policies of channelling 
public contracts towards their domestic companies? Not, the 
guess is, without a struggle. 

That, however, is precisely the struggle on which the British 
government, blackballed last week in Brussels, should now 
embark. The fact that the electronics industry in Europe is closely 
linked with defence, specifically exempted by the Treaty of Rome 
from the rigours of the open market, is not the stumbling block it 
seems but rather the opposite. It is foolish that half of the ten 
governments in the European Community should be spending 
large sums of money on the solution of essentially similar 
problems, hoping to recover part of the cost by sales of advanced 
military equipment overseas. Why should not each of them spend 
less on research and development, selling the products to each. 
other in the first place? The result could well be that member 
states’ strategic independence would be compromised, but is it 
seriously suggested that the constant rows within the European 
Community imply that one day it may be necessary for the 
members to attack each other? The pretence of military 
independence in which the member governments of the European 
Community at present luxuriate is belied by what their electors . 
know — that culturally the Community is already so much ofa 
piece that unscrambling it would be literally unfeasible. The 
advantage to the British government of taking the initiative on 
this issue of electronics and, where necessary, defence, is that it 
could throw those who baited it last week onto the defensive, yet 
hope to emerge with a prize to offer its own people that would be- 
at least as valuable as the cost of the agricultural policy. 


Rules for limited war 
The Falkland Islands conflict marks a step 


towards the automation of conventional war. 


The politics of the Falkland Islands war is outside Nature’s 
bailiwick, but the technology is not. For what is happening now in 
the South Atlantic is probably a foretaste of what may happen all 
too often in decades to come. First, it is a limited war in which 
neither side seeks the comprehensive capitulation of its adversary. 
Second, it is a high-technology war in which the combatants are 
equipped with virtually automatic weapons developed against the 
possibility of conventional conflict in Europe, but now being used 
in a mercifully remote part of the world, one so distant that other 
states are unlikely to be drawn in. What lessons, spine-chilling and 
otherwise, can be drawn from what is now going on? 

That limited wars, out of fashion since the eighteenth century, 
are still feasible should not be a surprise. The Yom Kippur war of 
1973 was limited in the sense that the Israeli objective was the 
capture of a tract of territory, the Sinai desert up to the St 
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Canal, and not the destruction of Cairo or of the Egyptian state. 
This self-imposed restraint was not based on high-minded 
principle but on a calculation of what might be accomplished 
without dangerously broadening the conflict, reinforced towards 
the end by the discovery that Egypt was well-equipped with 
surface-to-air missiles. (We are all lucky that the calculation was 
not disproved.) Similarly, the involvement of the United States in 
the long war in Vietnam was limited; it was tacitly understood that 
nuclear weapons could not be used without triggering off a 
broader conflict that the United States did not seek. The same is 
true in the Falkland Islands. The United Kingdom has a modest 
stock of nuclear weapons, some conveniently carried on sub- 
marines, but their use is unthinkable and has not been mentioned. 
Even the wild talk in Britain that it might be necessary to attack 
airfields in Argentina has quietened as the sober realities of 
conflict have dawned, and as the importance of public and 
political opinion elsewhere in South America has been 
appreciated. 

What this implies is that limited wars are possible only with the 
tacit agreement, however grudging, of other interested parties. 
And because other states’ opinions can change, the combatants 
must spend a substantial part of their energy persuading every- 
body who is prepared to listen that they are acting reasonably, or 
at least as reasonably as is consistent with their resort to violence. 
This, no doubt, explains why the Falklands conflict has so far 
been conducted with extraordinary civility. The substantial 
British community in Argentina has not been unduly harassed, 
while in both capitals journalists go normally about their business 
(although three British journalists have been wrongly locked up in 
Argentina for six weeks, and three others kidnapped for a day). In 
Britain, the only untoward incident has been the decision last 
weekend by the Tottenham Hotspur football club that its talented 
Argentine player should be dropped from Saturday’s cup final. 
Both sides have an interest in continuing like this, for to behave 
otherwise would weaken the cases they are putting to their 
friends. 

Against this background, the British government has made two 
important errors. First, it has unnecessarily sought to keep to 
itself news of what is actually happening in the Falkland Islands. 
Second, no member of the British government has yet made the 
conciliatory speech that circumstances demand, making the 
simple point that the traditional links between Britain and 
Argentina need not be jeopardized by what is going on and even 
that the present Argentine government, while not democratically 
elected, is less fiercely repressive than its predecessor. Indeed, it 
would be entirely consistent with the notion that the Falklands 
war is strictly limited that even now the British government should 
be prepared to negotiate the kind of settlement it will be prepared 
ultimately to countenance. For the time being, both sides are 
stuck on the abstract concept of sovereignty; sooner or later, they 
will have to settle among themselves some kind of monetary price 
at which that concept could be made more flexible (see Nature 8 
April, p.480). One of the tricks in fighting a limited war is to help 
opponents to give up the struggle at the earliest opportunity. 


Technologically the Falklands war is far from limited. Reports 
that troops under air attack are unnerved not to see the attacking 
aircraft but only the missiles sent automatically to bring them 
down are vivid and credible, but that is what conventional warfare 
has become — a technicians’ war. The past few weeks have shown 
that vehicles carrying people, whether ships or aircraft, moving in 


an environment in which radar detection at long range is tech- 


nically straightforward, have become exceedingly vulnerable to 
attack. As missile ranges lengthen, they will become more so — 
which should give pause to the now-vociferous British naval 
lobby. Long-range attacks on ground targets are for the time 
being more difficult and still require human intervention, but the 
development of conventional battlefield weapons in the past 
decade suggests that even that relative immunity will not persist 
indefinitely. It does not, of course, follow that people will cease to 
matter. On the contrary, their roles as gatherers of intelligence 
and as communications links between pieces of equipment will 
become more important while their numbers shrink and as their 
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skills increase. This inexorable trend points to several cir- 
cumstances. First, limited war becomes more feasible as the 
chances of large numbers of military personnel being killed 
diminish. Second, the cost of military preparations is bound to 
increase. Third, there is a limit to the extent to which the 
depersonalization of conventional warfare can be carried without 
the combatants deciding that they must force a decision by using 
civilians as hostages of a kind. None of these prospects is cheerful. 


Rothschild rides again 


Lord Rothschild’s report on social science research 
is predictably intelligent and subversive. 


Once upon a time, the story goes, there was a wicked fairy 
called Sir Keith Joseph, Secretary of State at the Department of 
Education and Science in the United Kingdom. One day last year, 
soon after his appointment (some say demotion) to that office, Sir 
Keith took the daring step — it was at least unprecedented — of 
cutting half a million pounds from the recommended budget of an 
innocent but youthful mainstay of British academic life, called 
the Social Science Research Council or SSRC for short. Anxious 
to dissemble the extent of his wickedness, Sir Keith said that he 
would leave it to Lord Rothschild, a scientist and merchant 
banker who acquired in 1971 a fearsome reputation for angering 
academics, to recommend whether or not this stripling outfit 
should continue to exist. Thanks to the journal New Society, it 
soon became known that Sir Keith had been dutifully promising 
the Chancellor of the Exchequer (by definition wicked) that 
something would be done about SSRC. Thunder and lightning 
occurred. 

Wicked fairies have no luck. How could Sir Keith have known 
that his chosen companion in malevolence had earned his 
reputation for wickedness by his flair for telling the truth and 
doing it deftly? Lord Rothschild’s report on the issue last week 
(An Enquiry into the Social Science Research Council, Cmnd 
8554, HMSO, £6.50) is in that tradition. For as nice a statement of 
the case for social science, and a neat dig at Sir Keith in the 
process, what could better the fifth paragraph of his report? 

Einstein is reported to have said that ‘‘Common sense is a 
deposit of prejudice laid down in the mind before the age of 
eighteen”. Yet to the layman — the man in the street — many 
of the problems on which social scientists work are either too 
far fetched or do not need further work because common sense 
answers are already available. Common sense tells us that: 
(1) Capital punishment deters potential murderers; 

(2) The import of foreign cars should be drastically curtailed; 
(3) There should be more small hospitals and fewer large ones; 
(4) Horror comics make children violent (USA). 

Are we sure that common sense is right? Might there not be a 
layer of prejudice or even ignorance? 


So, this is how the story goes, Lord Rothschild turns out not to 
be a wicked fairy’s hatchet-man, but a good fairy in disguise. The 
youthful SSRC has been misjudged, he says. Too many have 
expected too much of it too soon, and without a proper 
understanding of what academic life or the social sciences are like. 
So the SSRC should be reprieved, first from the burden of being 
“looked at” for at least the next three years. In gratitude, 
however, it should be prepared to move to Swindon, should be 
more (not less) courageous and should defend itself against the 
single open charge of left-wing bias. Wicked fairies everywhere 
will be discomfitted by this sane and unchallengable opinion. One 
of these will be the British Academy, which calls itself ‘‘the 
national learned society representing the interests of the social 
sciences’’, and which took the lead in bad-mouthing the SSRC a 
year ago. Lord Rothschild (who is evidently not unalloyed good 
fairy) quotes a pompous passage from the academy’s written 
evidence saying (truthfully) that it is incompetent to be the SSRC 
but promising that it will be ‘‘vigilant’’ in overseeing the council’s 
work. Can everybody live happily after that? 

© 1982 Macmillan Journals Ltd 
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UK plutonium worries US Senate 


Alarm at link 
between civil 
and bomb uses 


Washington 

US senators may soon start investigating 
the fate of as much as four tons of fuel- 
grade plutonium that the United Kingdom 
supplied to the United States over several 
years on the understanding that it would be 
used only for civilian purposes, but which 
may have been put into nuclear warheads 
by US authorities. The plutonium 
originated in the Magnox reactors of the 
Central Electricity Generating Board. 

Last October the two governments 
apparently agreed that the United 
Kingdom would resume providing 
plutonium to the US Department of 
Energy (DoE) to help indirectly with the 
DoE’s programme for producing and 
modernizing US nuclear warheads. 

Under a previous barter agreement that 
ran from 1964 to 1971, the United States 
supplied the United Kingdom with highly 
enriched uranium for its nuclear submarine 
programme and with tritium for UK 
nuclear weapons. In return, the United 
Kingdom supplied an unspecified amount 
of plutonium from Magnox reactors. The 
terms of the accord have always been 
secret, but in 1964 a British government 
spokesman indicated that the United States 
had no intention of using the plutonium 
thus obtained for nuclear weapons. Now, 
however, Senators Gary W. Hart 
(Democrat, Colorado), Alan K. Simpson 
(Republican, Wyoming) and George J. 
Mitchell (Democrat, Maine) seem likely to 
act on a request from a public interest 
group that they look into how much 
plutonium was shipped to the United States 
between 1964 and 1971. 

The Senate investigation reflects a 
growing concern in the United States about 
DoE’s plans to link civilian and military 
nuclear programmes, a move away from 
the historic separation between ‘‘atoms for 
peace” and ‘‘atoms for war”. Recently, 
DoE has announced that there is a 
“shortage” of plutonium (DoE designs 
and builds nuclear weapons for the 
Department of Defense). So it plans to take 
plutonium from spent fuel from several 
civil research reactors to fashion more 
weapons grade material. 

DoE also wants to convert the 17.8 tonne 
stockpile of fuel-grade plutonium now 
destined for the breeder reactor at Clinch 
River, Tennessee, for weapons use. This 
stockpile may well include much or all of 
the plutonium supplied under the barter 
agreement. ‘‘Either it is in the US nuclear 
weapons already, or it is in the stockpile 
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meant to fuel the breeder, but now destined 
for weapons,’’ says S. Jacob Scherr, senior 
staff attorney for the Natural Resources 
Defense Council Inc. 

According to the Natural Resources 
Defense Council, existing US nuclear 
weapons utilize about 90 tonnes of 
plutonium (plus or minus 15 tonnes). 
Current weapons-grade plutonium 
production by DoE has run about 1.4 
tonnes per year, but DoE wants to step this 
up to 2 to 3.5 tonnes annually. In October, 
the UK government allegedly agreed to 
send more plutonium to the United States. 
The British plutonium may be going to fuel 
the breeder at Clinch River so that fuel 
otherwise destined for the breeder can be 
diverted into nuclear weapons. John 
Moore, Parliamentary Under-Secretary of 
State at the UK Department of Energy, was 
questioned about the plan in March. 

DoE seems likely to continue to press the 
United Kingdom for more plutonium, 
because Senators Hart, Simpson and 
Mitchell have succeeded in cutting off 
another possible source — by a vote of 88 
to 9, on 30 March, the Senate voted for an 
amendment to prohibit DoE from using 
spent fuel from commercial reactors for its 
nuclear weapons programme. In a debate 
in the House of Commons on 21 December 
1981, Mr Moore emphasized that civil 
plutonian sold to the United States would 
be subject to international safeguards, but 
he implied that military plutonium 
transferred under the defence agreement 
would not be so restricted. 





The Magnox at Berkeley in Gloucestershire — source 
for US bombs? 

DoE has also decided to proceed with the 
Laser Isotope Separation facility at 
Lawrence Livermore Laboratory, which 
would cost an estimated $560 million and 
which the Natural Resources Defense 
Council claims has no justification other 
than to enrich plutonium from civil 
reactors to weapons-grade material. DoE 
also seeks to build a decladding plant to 
utilize fuel from noncommercial plants, 
such as the Fast Flux Test Facility at 
Hanford, Washington. 

The issue at stake is not only the historic 
separation between civilian and military 
nuclear programmes, but also the 
precedent that DoE is setting for other 
countries. Critics of DoE’s plans argue that 
if the United States starts taking civilian 
spent fuel from its weapons programme, it 
will not have a leg to stand on when it tries 
to dissuade other countries from doing 
likewise. Deborah Shapley 


Oak Ridge up for grabs 


Washington 

On 3 May, the Union Carbide 
Corporation, which has run government 
atomic facilities at Oak Ridge, Tennessee, 
since the Second World War, announced 
that it no longer wants to do so. Union 
Carbide is not seeking to renew its option to 
manage Oak Ridge when the present 
contract expires on 30 September 1983. 
Recognizing the dislocation that its 
decision could cause, however, the 
company says it will stay on for up to three 
years longer if necessary. 

The names Oak Ridge and Union 
Carbide have been almost synonymous in 
government science circles and in the 
Tennessee Valley region since the first 
gaseous diffusion plant was built there, 
amid great secrecy, during the Second 
World War. At that time, the company was 
heavily involved in manufacturing carbon 
products, but has since grown (its 1981 
sales were $10,000 million) and diversified 
into batteries, antifreeze, car care 
products, even salmon farming and 
ferroalloys. But earnings have been down 
of late, and the company has been divesting 
itself of activities which are not central to 


its purpose. So it is shedding Oak Ridge. 

Union Carbide is one of the most 
respected corporate managers of any 
government laboratory in the nation. It 
actually runs four facilities — Oak Ridge 
National Laboratory, the Oak Ridge 
gaseous diffusion plant, the Oak Ridge 
Y-12 plant that makes nuclear weapons 
components, and the gaseous diffusion 
plant in Paducah, Kentucky. Union 
Carbide’s act will be hard to follow. 

The government spends about $1,000 
million a year on these facilities, paid 
through the company, which has 18,000 
employees working there on its payroll. Its 
fee for the operation is $8 million per year, 
from which come some expenses. The 
Department of Energy, which holds the 
contract with Union Carbide, may decide 
to open four separate bids, one for each of 
the facilities, rather than ask a single 
company to follow in Union Carbide’s 
footsteps. As a side effect, this might 
hasten changes in the mission and role of 
the Oak Ridge laboratory itself, which is 
under White House review, along with the 
other departmental laboratories. 


© 1982 Macmillan Jou 
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Hamburg elections 


Power politics 
Heidelberg 

Nuclear power and the environmentalists 
will play a crucial part in next week’s local 
elections in Hamburg. The election on 
6 June will be a four-cornered fight. The 
looseness of the traditional social demo- 
cratic grip on the Hanseatic city state 
reflects the party’s national difficulties. 
Mayor Klaus von Dohnanyi may well be 
returned, but with a minority in the senate. 
Proposals for a gross Koalition between the 
Christian Democratic Union (CDU), the 
second largest party, and SPD have been 
dropped. The Free Democrats (FDP), 
aligned to SPD, are fighting for the 5 per 
cent vote needed for survival under the pro- 
portional representation rules. But the 
crucial minority, likely to get 8-10 per cent 
of the vote, is the Griin-Alternative Liste 
(GAL), an umbrella party of some 150 
groups based on issues ranging from 
citizens’ protection and women’s rights to 
environmentalism and opposition to 
nuclear power. 

Mayor Dohnanyi would apparently be 
willing to attempt a minority admini- 
stration with GAL cooperation. Despite 
the difficulties of arriving at even an 
internal GAL consensus, and despite its 
preference for a role in opposition, GAL 
may agree. But its terms include rejection 
of the new Energiekonzept, the 
controversial product of long hard 
bargaining between Hamburg and the 
Hamburgischen Electrizitatswerke 
(HEW). 

These plans, announced on 27 April and 
heralded as classic reforms, involve going 
ahead with what is probably the country’s 
most disputed nuclear reactor, at 
Brokdorf, and also the construction of 
four conventional coal-fired power 
stations with heat-coupling. Under the 
previous plan, 70 per cent of Hamburg’s 
electricity was to have come from nuclear 
reactors; this has now been reduced to 25 
per cent with the possibility of extra con- 
ventional capacity that would allow 
Brokdorf to be abandoned by the year 
2000. HEW will invest DM3,000 million 
for the electricity-heat project and 
DM2,500 million for Brokdorf. DMS50 
million will be contributed by the federal 
government, which sees the plan as a pilot 
project for integrated energy supplies in 
built-up areas. A third of a million homes 
will be heated, 1,500 jobs created, 140,000 
tonnes of oil saved, and pollutant 
emissions significantly reduced. 

The plan provides ammunition all 
round. GAL insists on withdrawal from 
nuclear power plants at Brokdorf, Bruns- 
buttel and Kriimmel. Nor is the prospective 
advent of a friendly neighbourhood coal- 
fired power station, however smart, 
pleasing to that diverse conglomeration. 
Within SPD, nuclear power is strongly sup- 
ported by the federal government but 
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rejected by both Social and Free Demo- 
cratic Parties in the north. The local 
Hamburg SPD voted last year for with- 
drawal from Brokdorf and the previous 
mayor, Hans-Ulrich Klose, resigned on the 
issue. The new plans split Dohnanyi’s 
home base and may well drive SPD left, 
nearer to the ‘‘Greens’’. 

Despite Dohnanyi’s sleight of hand, his 
attempt to back the nuclear power issue 
both ways may leave him stranded. The 
Christian Democratic mayoral candidate, 
Walther Leisler Kiep, has attacked the 
financial basis of the project and the move 
from clean environmentally favourable 
nuclear energy to coal, predicting higher 
energy prices and an electricity gap if local 
objections slow construction of the coal- 
fired power plants. 

Peter Glotz, party executive secretary, 
compares the social democratic response to 
the unwieldy manoeuvres of a tanker. If 
Hamburg’s ‘‘Greens’’ reach the bridge, the 
Dohnanyi Energiepolitik may go over- 
board and the national supertanker be on 
course for a dry dock. Sarah Tooze 


East-West energy trade 


Pipeline ploy 

President Reagan’s visit to Europe next 
month will include major talks on the 
future of East-West trade. The immediate 
issue is that of the interest rates to be 
demanded of the Soviet Union. The 
Americans’ wish to increase them is op- 
posed by some West European countries, 
notably West Germany, which feel that if 
the Soviet Union is reassessed, several 
other countries should be treated likewise. 

The Soviet Union has a chronic shortage 
of hard currency. One possible means of 
repaying loans would be a counter-trade in 
fuel, particularly natural gas, which during 
the 1980s will increasingly repiace oil as the 
Soviet Union’s major fuel export. French 
and West German contracts for deliveries 
of gas from the Urengoi field originally 
caused the Americans considerable 
concern. Of late, however, they appear to 
have accepted European arguments that 
the amounts involved (10,500 million cubic 
metres for West Germany plus 700 million 
for West Berlin and 8,000 million for 
France) form only a small proportion of 
the energy budget, and do not constitute 
dependence. However, the signing of a 
contract last week for the supply to 
Switzerland of 360 million cubic metres of 
gas annually for 30 years suggests that 
other West European customers for Soviet 
gas might not follow the comparatively 
small demands of France and West 
Germany. 

The transfer of technology, heavy-duty 
pipelines and compressor equipment, as 
part of the initial Western investment in the 
pipeline, continues to worry the 
Americans, although little or nothing is 
involved that had not been made available 
to the Soviet Union ten years ago. 
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A recent survey of East-West energy 
trade, however, suggests that the lack 
of a coherent Western policy could 
considerably weaken the position of the 
NATO countries in the changing energy 
situation of the 1980s. The survey’s author, | 
Jonathan Stern, describes a dual energy 
scenario for the 1980s. 

On the one hand, Stern says, an endemic 
energy shortage will develop in Eastern 
Europe which will only be made good by 
purchases on the hard-currency market. 
Under present agreements, the Soviet 
Union cushions increases in the price of oil 
and gas to the Comecon countries, but only 
up to an agreed amount, leaving an 
increasing gap to be filled from the world 
market. Unless the Comecon countries can 
agree with the oil producers to purchase oil 
and gas with soft currency, foreign debts 
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will escalate and political and economic 
tensions will increase. 

On the other hand, gas exports are an 
attractive hard-currency earner to the 
Soviet Union. Construction of the 
pipeline, in spite of the delays imposed by 
the US sanctions after the military take- 
over in Poland, is likely to go ahead, and 
once the pipeline is in operation, further 
contracts with the West are likely. 

A coherent Western policy, Mr Stern 
urges, should therefore be worked out, 
based on the following criteria: 

@Are other gas suppliers a more acceptable 
security risk? 

@Are the security risks outweighed by 
related contracts? 

@ What would the Soviet Union achieve by 
cutting supplies (granted that it would lose 
more than 50 per cent of its hard currency 
earnings by doing so)? 

Lack of such a policy, Mr Stern argues, 
would not only allow the Soviet Union to 
claim a political victory (by pointing out 
cracks in the Western alliance), but would 
also weaken the Western bargaining 
position in dealing with the other aspect of 
the East European energy problem — the 
efforts of the energy-poor countries of 
Eastern Europe to top up supplies on the 
world market. Vera Rich 
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Information technology 


Send more bits 


The age of electronic mail is about to 
dawn in Europe, not traditionally the 
leader in new information and com- 
munications technologies. Before the year 
is out, most European telecommunications 
administrations are expected to introduce a 
new international standard that will allow 
word processors to communicate with each 
other through existing telephone and data 
transmission networks. 

With its penchant for confusing names, 
the information technology community is 
calling the new service ‘‘teletex’’. It is, 
however, a far cry from teletext, the 
broadcast information service. Teletex is 
either a sophisticated form of telex or a 
standard that allows computer terminals to 
communicate with each other. 

The teletex standard was adopted by 
CCITT, the international telecom- 
munications standards agency, at the end 
of last year. Europe’s enthusiasm for it 
stems from the present difficulty of linking 
incompatible word processors over 
telecommunications links. The United 
States, which might be expected to be the 
largest market, is reluctant to adopt the 
standard, chiefly because the already-large 
word processor market makes it 
worthwhile for manufacturers to adopt 
their own communications standards. 

Theoretically, it should be possible to 
write teletex-compatible communications 
software for any type of word processor. 
The practical difficulties, however, have 
persuaded manufacturers to design specific 
teletex machines. Among the leaders are 
Siemens of West Germany, which already 
produces teletex equipment compatible 
with the German data network. Other 
companies, either selling teletex machines 
in some countries or promising them soon, 
include Philips, ITT Creed and IBM. 

Teletex’s chief attraction is that, in many 
instances, it can deliver documents much 
faster and more cheaply than the ordinary 
telex or the post. As it is basically a word 
processor, it can also relay information in 
different formats, unlike telex. Most tele- 
communications administrations will be 
introducing services with transmission 
rates of 1.2 kbits per second, doubling this 
later on. Using the lower data rate, a typical 
A4 page of text (Nature’s page size) will 
take roughly 30 seconds to transmit. 

The cost of using the service will depend 
on the charging policy of the different 
telecommunications administrations. 
British Telecom, for example, will be 
making a ‘‘small’’ service charge but will 
thereafter charge for time at the ordinary 
tariff. At current rates, one A4 page would 
cost 12.9 pence to send a distance of more 
than 56 kilometres between 8 a.m. and 
1 p.m. over the public telephone network. 
_ Forty-three A4 pages, however, could be 
-sent within the same city after 6 p.m. for 
“only 4.3 pence. These charges should be 
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compared with the cost of a first class 
stamp, now 15.5 pence. 

The capital cost of equipment is still 
uncertain, but manufacturers expect 
teletex machines to cost no more than 
sophisticated word processors. 

The service to be launched throughout 
Europe this year will be relatively simple, 
but a facsimile standard is expected later. 
British Telecom’s service will initially be 
suitable only for communicating between 
teletex machines through either the public 
telephone or packet-switched data net- 
works. However, the service is expected to 
expand in 1983 to allow communications 
from teletex to telex machines. 

West Germany, which introduced its 
own teletex standard in part compatible 
with the international standard, has 
already launched a service. Manufacturers 
that have supplied to the West German 
market, however, may not be able to sell 
their equipment in other countries without 
first modifying it for other networks. 

US companies showing an interest in 
teletex seem to be those with a strong 
interest in Europe. IBM is planning a 
teletex version of its display writer word 
processor and Western Union is also 
apparently developing teletex. Canada, 
however, is not showing its neighbour’s 
reluctance. It also plans to introduce a 
service this year. Judy Redfearn 


French electronics 


Rushing ahead 


Has the French electronics plan come 
too late? M. Abel Farnoux and his team at 
the Ministry of Research and Technology 
in Paris have laboured for eight months to 
produce a grand plan for the whole French 
electronics industry, from primary 
materials right through to consumer 
products and computer components. Its 
coherence and grandeur are marvellous to 
behold, but news is still awaited from the 
Council of Ministers about the scale on 
which it will be financed. Twelve months 
ago the new government was full of 
expensive plans; more recently, the finance 
minister reckoned up the bill. 

Nevertheless, Farnoux and his chief — 
science minister Jean-Pierre Chevénement 
— are pushing the plan strongly. The plan 
must be implemented ‘‘within a vear’’ to be 
effective, they say. 

Alongside industrial expansion, it would 
increase research and development in 
electronics and related fields by two-thirds, 
relative to the 1980 figure of FF 12,000 
million, to FF 20,000 million in 1986. The 
strategy would cover the whole industry 
and not just the present strong points of 
telecommunications and telematics, and it 
would be aimed at bringing France closer to 
the levels of the United States and Japan. 
(Electronics for the French defence 
industry, third in the world’s armaments 
league after the United States and Soviet 
Union, is also included in the strategy but 









has been omitted from published versions 
for security reasons.) 

Nevertheless the published report says 
that electronics is a ‘‘basic technology at 
the heart of our defence and com- 
munications systems’’. Strength in 
electronics would also permit 
“indispensable gains in productivity’’ in 
other industries; open up vast consumer 
markets; contribute to energy conservation 
in new energy technologies; directly and in- 
directly reduce the French trade deficit; and 
(a point added for Mitterrand?) play a major 
role in ‘cultural’ affairs. 

The industry (or filiére, as the French call 
a collection of industries taking a raw 
material to a product) must be treated as a 
whole, says Farnoux; for him it is all or 


Division of the world electronics market, 
according to the recent French report 


Country Production % Of world Trade 
($107) production balance 
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USA 134 46 +4 
Japan 46 16 +33 
West Eurape 76 26 ~6 
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nothing. Japan and the United States must 
be met head-on: it is no answer to 
manufacture American and Japanese 
products under licence, says the report. 
European cooperation should be sought, 
particularly in the development of new 
micro-electronic consumer products. 

In France at least, a big training 
programme will be necessary: up to 1990 
the report envisages the creation of 75,000 
‘‘engineer-researchers’’, 25,000 senior 
technicians and 400,000 skilled workers. 

If the report were adopted in full, there 
would be 14 national projects, including a 
large French scientific and industrial 
computer, chip manufacture, electronic 
publishing, computer translation and 
others. M. Chevènement has announced 
the setting up of working parties on each 
project, independently of the report’s 
adoption by the Council of Ministers. 

On research, new units would be set up 
combining both academic and industrial 
interests. Government investment in 
research would rise (50 per cent of the 
French electronics industry is now 
nationalized, with 30 per cent in American 
hands and the rest in private French 
ownership) but mechanisms would have to 
be found to give a better return on each 
franc. The weak areas in current research 
are seen to be information and 
communication science, solid-state physics 
and chemistry. Mathematics and robotics 
are considered well advanced. 

One final recommendation may not be 
well received by M. Chevenement, how- 
ever. After a long exercise in gathering the 
instruments of technology politics under 
one roof, the minister is now faced by a 
proposal to create a secretary of state for 
electronics. Robert Walgate 
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Science in US Congress 


Fair winds 
Washington 

The apparently pro-science and 
technology mood of Congress this session, 
particularly in matters involving private 
industry, is indicated in much of the 
routine business of bills introduced, of bills 
reported out of subcommittee (which 
means that a small number of congressmen 
agree something should be done), of bills 
reported out of full committees (which 
means that a larger group of congressmen 
agrees), and by bills actually voted by either 
the House or the Senate. 

True, Congress is not rushing through 
sweeping reforms. Indeed, it is unlikely to 
do much — in terms of legislation passed 
by both houses that then becomes law — 
that will change the face of US science. The 
Republican party dominates the Senate; 
Democrats have a majority in the House. 
Democrats are preoccupied with the 
budget battle, while the Republicans tend 
to be thinking of the next election. 

One measure with a chance of passing is 
a patent reform bill (the Uniform Science 
and Technology Research and 
Development Utilization Act or S. 1657 in 
the Senate). This would extend to most 
organizations performing government 
research the patent reforms enacted last 
year for small businesses, non-profit 
institutions and universities. It would also 
unify the patent policies of the various 
government agencies. The long-standing 
question has been when a researcher using 
government funds is entitled to hold the 
patents arising from the work, or when 
patent rights should go to the government 
department that sponsored the work. The 
present congressional mood includes 
greater consensus that federal shackles be 
removed, allowing researchers the greatest 
incentive to market their products. 

Another bill, the Joint Research and 
Development Act (HR. 6262 in the House), 
is a response to the US high-technology 
industry’s complaint that other countries 
allow industries to pool talent on research 
probiems but that, in the United States, 
such pooling risks violating antitrust laws. 
The bill would allow the government’s 
lawyers to issue a certificate permitting 
joint research and development in selected 
cases, and protecting the companies from 
antitrust prosecution. 

The Senate has passed the Patent Term 
Restoration Act (8.255) whose counterpart 
is now in the House Judiciary Committee, 
but may not emerge before Congress 
adjourns in September. It tries to help 
industries that the government regulates to 
recoup more money from patents, to com- 
pensate for the costs of regulation. At 
present pharmaceutical companies file for 
a patent as soon as a new compound is 
discovered. The patent runs for 17 years, of 
which several are used to develop the 
compound into a marketable drug. Then 
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the firm must file for permission to market 
from the Food and Drug Administration. 
By the time the drug is approved for 
marketing, which can take up to 10 years, 
the company has only a few years left in 
which to recoup its investment. The 
pharmaceutical industry claims that this 
delay can cost $70 million for a single drug. 
The new bill would extend the lifetimes of 
certain patents by up to 7 years. 

In the Senate especially, legislators seem 
concerned with freeing industry and assist- 
ing US high-technology trade. A resolution 
has been introduced to guide the imminent 
talks in Geneva concerning the General 
Agreement on Tariffs and Trade (GATT), 
that refers specifically to US high- 
technology trade needs. Another bill, 
passed by the Senate, would fund a special 
clearing-house to help move the 
government’s enormous store of technical 
information into the private sector. A 
further measure introduced in both houses 
would offer tax credits to manufacturers of 
computing equipment which give hardware 
to schools. The measure was promoted by 
one of the founders of the US home 
computer company, Apple Computers. 

If sentiment were more like that of ten 
years ago, when faith in federal 
government intervention was far stronger, 
Congress might now be designing large 
federal programmes to ‘“‘rescue’’ the US 
high-technology industry, or greatly 
increasing spending on federal research 
and development. Instead, there is a feeling 
that government is not very good at picking 
winners and that the congressmen want to 
encourage promotion of technology in the 
marketplace. This attitude, particularly 
prominent among Republican senators, is 
in contrast to past enthusiasm for heavy 
federal involvement and big government 
development and demonstration 
programmes. Basic research has benefitted 
from the change — both those who favour 
more federal intervention and those 
wanting to promote technology in the 
marketplace view basic research as an 
essential government investment. 

Likewise, the cause of improving US 
science education in the schools has 
support from both sides. Senator John 
Glenn (Democrat), the former astronaut 
who has made science and technology a 
main plank of his political activities, has 
introduced a bill (S.2421) to set up acouncil 
in the National Science Foundation to 
suggest a cure for the ‘‘technological 
illiteracy” of the nation. It would be given 
$5 million to come up with the plan, and 
$50 million per year for four years to 
implement it. A similar bill has been 
introduced in the House by Don Fuqua 
(Democrat) and Doug Walgren 
(Republican). Neither bill is likely to get 
very far. But the momentum these 
congressmen are giving to the issue of 
science education may promote a change of 
heart from the Reagan Administration, 
until now opposed to a major federal role 
in science education. Deborah Shapley 





Computers for free 


The US computer industry is joining 
the ranks of those crying for improve- 
ments in education in science and 
engineering offered in US schools and 
colleges. As a result, the National 
Science Foundation (NSF) is expected 
to announce in early June that five 
computer companies will be donating 
many hundreds of individual computers 
to help solve the growing problem of 
“technological illiteracy’’. | 

It all began when two computer 
companies — as yet unnamed — each 
tried to donate 100 machines to NSF for 
distribution to schools. This gift, 
however, set NSF bureaucrats worrying 
whether it was legal to accept this 
largesse. As it turned out, NSF, unlike 
some other government agencies, has 
specific statutory authority to accept 
gifts that are for the purpose of further- 
ing NSF’s missions. 

But NSF did not want to be seen to 
favour these two computer companies 
over any rivals for the honour of giving 
away their machines to the government. 
So they went through a moneyless 
bidding process, and invited gifts from 
all companies. Now, NSF sources say, 
five companies will be making the 
donations, although the terms, the 
nature of the hardware, and the 
insitutions they will be given to have not 
yet been revealed. 

Why is the computer industry so 
eager to provide free samples to young 
people in the schools and colleges? One 
answer, of course, is that a student who 
learns an elementary computer tongue 
at school will outgrow it and ask for 
another model. Company sales would 
not be hurt. Deborah Shapley 











































British universities 


More misery 


Hopes that the British university system 
would be spared some of the government’s 
economy measures were dashed last week, 
when the University Grants Committee 
made public the recurrent grants to 
individual universities for the academic 
year 1982-83. There is no substantial 
change from the provisional allocations 
of a year ago, although the University of 
Salford, one of the most seriously afflicted 
then, has been given an extra year in which 
to reduce its establishment. 

The coming academic year will be the 
second of the three in which government 
subvention for the universities is to be 
reduced by 8.5 per cent. The sum now 
offered to the universities is, however, 
larger than the amount advertised last year 
because allowance has been made for 
inflation (4 per cent on salaries, 9 per cent 
on other costs) and because the University 
Grants Committee has, been given more 
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than £100 million extra to compensate 
universities for the reduction of fees for 
home students. 

For many British universities and 
academics, last week’s announcement will 
seem to bear directly on the pay 
negotiations now under way between the 
universities and university teachers, 
represented by the Association of 
University Teachers. For the grants 
committee’s letter does formally confirm 
the UK government’s intention that the 
university grant for the coming year should 
include only 3 per cent for salary increases. 
While there have been some suggestions, at 
the University of Aberdeen for example, 
that academics might forgo pay increases in 
the present round of pay negotiations, the 
union nationally is asking for 14 per cent, 
12 per cent to compensate for price 
inflation in the past year and 2 per cent to 
make good the erosion of academic pay. 

The allocation of funds for the coming 
academic year has apparently been made in 
the light of universities’ accounts of how 
they plan to adjust to falling budgets. The 
grants committee is apparently planning to 
keep back some £20-30 million of the total 
government grant to finance the more 
interesting of universities’ intended 
innovations. The new letter to universities 
pleads, however, that universities having to 
reduce costs should not take the knife to 
easily eliminated but academically 
important minority departments. 

The committee has also shared out 
among its dependent universities the 
annual government grant for equipment 
and furniture, fixed last month at £83.6 
million. While the Department of Educa- 
tion and Science said last week that the 
grant is ‘‘consistent with the aim of 
maintaining standards ...’’, the grants 
committee seems strongly to hold that the 
grant is at least one third too small. 

For the more distant future, the grants 
committee seems to expect that there will 
be a return to ‘“‘level funding” after the 
present contraction is over in 1983-84, but 
does not know whether the provisional 
budget for 1984-85 published in the 
government’s expenditure white paper in 
March will be adjusted upwards if inflation 
exceeds the supposed 5 per cent a year. 

The grants committee itself plans to 
spend much of the coming year studying 
possible changes in the social function of 
universities, especially in continuing 
education. It remains unclear what will 
befall those universities which fail to meet 
the grants committee’s targets for reduced 
student numbers by the end of 1983-84. 
The sentence in last year’s letter suggesting 
that universities failing to meet their targets 
would be penalized is not echoed in those 


“sent out last week, but the committee is 
apparently guessing that if the government 


should be disappointed with the univer- 
sities’ performance, and should cut the 
total budget by the extra cost of student 


= maintenance, the budgets of the 
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universities responsible will also be cut. 


London medical teaching 
Merger fever 


While the rest of the University of 
London continues to agonize about its 
future, the undergraduate medical schools 
are at last beginning to implement a plan 
designed to save 10 per cent of the univer- 
sity’s medical education bill by 1983-84. 
The outlook for dental education also 
looks brighter since the five dental deans 
recently agreed to move the school at the 
Royal Dental Hospital from its premises in 
Leicester Square to one of the university’s 
four other dental schools. But the future of 
the postgraduate medical institutes, whose 
finances have been particularly badly hit by 
the shortfall in the number of overseas 
students, will not be tackled until July. 

After almost two years of often bitter 
wrangling, the undergraduate medical 
schools, collectively the largest source of 
trained physicians in the United Kingdom, 
finally agreed on a plan at the end of last 
year. The dispute began after a committee 
chaired by Lord Flowers, rector of 
Imperial College, recommended at the be- 
ginning of 1980 that the university’s 34 
medical and dental institutions should 
amalgamate into six large conglomerates. 

That debate was overtaken by events. 
The government’s announcement at the 
end of 1980 of large cuts in university 
education concentrated minds. The plan 
adopted was designed to increase opport- 
unities for pre-clinical students to choose 
between medical and multi-faculty 
schools, and provide access to certain 
major disciplines, clinical pharmacology, 
therapeutics and community medicine. 

Three of the medical schools, those at 
the Royal Free, St George’s and St Mary’s 
hospitals, are to remain much as they are. 
The others are to form some type of 
association either with another medical 
school or with a multi-faculty college. Thus 
the medical schools of Charing Cross and 
Westminster hospitals are to merge. So too 
are those at the Middlesex Hospital and 
University College. The schools at St 
Thomas’s and Guy’s hospitals are to form 
a united medical school next autumn and 
those at St Bartholomew’s and the London 
hospitals are to work towards formation of 
a joint school. The school at King’s College 
Hospital is to be administered from King’s 
College in the Strand. 

The outstanding problem is whether the 
plan can be implemented in time to make 
the necessary savings. Schools that must 
merge will be combining courses, depart- 
ments and administrations and reorganiz- 
ing accommodation. St Thomas’s and 
Guy’s hospitals, however, will retain their 
separate schools but merge administration. 

The merger of the London and St 
Bartholomew’s schools will taxe longer. 
The promise by the University Grants 
Committee to finance new accom- 
modation for the joint school at Queen 
Mary College, a multi-faculty institution, 





still stands. But the grants committee is 
now looking for existing buildings which 
may become available when Queen Mary 
College has itself trimmed its operations to 
match its reduced grant. 

The reorganized medical schools will be 
expected to maintain their aggregate 
student population. But the reorganization 
alone will not by itself yield the necessary 
savings. So student:staff ratios are to 
decline from the present 1:7.4 in pre- 
clinical studies to 1:10 by 1983-84 and 
from 1:6 in clinical studies to 1:7. 

Judy Redfearn 


Polish sciences 


Nothing to read 


Poland’s endemic hard-currency 
problems are posing a major threat to 
Polish science. The purchase of Western 
scientific journals is virtually impossible, 
and according to the Warsaw daily Zycie 
Warszawy, last year no subscriptions were 
paid to foreign suppliers at all, so that by 
October the country had run up a debt of 
about US$8 million for journals supplied 
against invoices. 

This year, some $5 million have been 
allotted for the purchase of journals, but 
this is only half the quota for 1980 and less 
than 20 per cent of the 1978 level. Polish 
scientists have had to resort to various 
stratagems to keep up with their reading. 
Photocopies of Current Contents were 
displayed on the noticeboards of institutes 
and universities and scientists requested a 
photocopy of articles they required from 
the Academy of Science or else through 
interlibrary loan. Martial law, however, 
meant that very tight security controls were 
imposed on photocopiers, lest they be used 
for the production of protest leaflets. 

At the same time, their other main 
source of new publications — offprints and 
duplicate copies of journals requested 
from foreign colleagues — has been con- 
siderably reduced. Under martial law, the 
mails are considerably delayed by the 
censorship, scientific visits to and from 
Poland have been significantly curtailed, 
and many Westerners are apparently 
disinclined to send material to their Polish 
colleagues for fear that journals arriving 
from abroad might attract the attention of 
the security authorities. 

So far, little has been done abroad to 
relieve the situation. The British Council 
has allotted £25,000 for the purchase of 
journals for Polish academic institutions; 
in the United States, however, the view is 
by no means unanimous that aid would be 
proper until martial law comes to an end. 

But to Polish scientists the situation is a 
matter of intellectual survival. Letters to 
Western colleagues emphasize that without 
an emergency supply of journals to tide 
them over the current crisis, Polish 
scientists will rapidly fall behind the world 
scientific community, and catching up, 
when dollars become available again, will 
be virtually impossible. Vera Rich 
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The DNA disease 


Sir — This is an account of a disease which 
has recently attained epidemic proportions. In 
February 1975 at a meeting held at Asilomar 
Conference Centre in California, many 
scientists and the world at large first learned of 
recent developments which came to be known 
as the recombinant DNA molecule technique, 
whereby genetic information initially in one 
organism could be translocated into another 
where, with reasonable luck, it might prosper 
and ultimately find expression, This 
announcement was followed by a wave of 
anxiety among the knowledgeable. It was 
confidently forecast that among the new 
chimaeras which might thus be generated there 
would be some that were malevolent. New 
toxic gene products would be let loose in the 
world and organisms which had, for millennia, 
lived in friendly symbiosis would be rudely 
ejected from their econiches by novel and 
hostile forms. 

The assembled scientists at Asilomar 
therefore agreed to conduct their experiments 
under severe constraints of biological and 
physical containment. The intent of these 
regulations, drafted as ‘‘guidelines’’ by the 
Recombinant DNA Molecule Program 
Advisory Committee of the National Institutes 
of Health, was to minimize the likelihood of 
any of the foreseeable catastrophes. 

It is now quite generally agreed that the 
anxieties which were initially generated were 
without much substance. Curiously, however, 
the one serious damage to our ecosystem 
which has now been observed to occur as a 
result of application of the recombinant DNA 
molecule technique was totally unanticipated 
in 1975. 

The problem has arisen as a result of the 
discovery that some of the gene products 
derived from recombinant DNA experiments 
commanded a high market value. The gene 
which was enhanced was that for venality and 
the unanticipated gene product was money — 
sometimes in the form of shares in an 
entrepreneurial company — sometimes in the 
form of stock options. This gene product to 
which many investigators had not previously 
been exposed might well have been contained 
had the experiments been conducted under 
appropriate physical containment such as that 
in a bank vault. However, the new disease 
proved to be quite contagious, spreading 
rapidly even to the administration of the 
institutions in which these scientists were 
housed. With great eagerness, everyone 
wanted a piece of the action. 

Among the symptoms of the disease most 
prominent has been a deterioration in 
communication, both verbal and written, on 
the part of those affected. They simply will 
not tell their friends and neighbours what they 
are doing or what they intend to do. Both 
teacher and student have schooled themselves 
to be close-lipped lest the competitor discover 
the name of the new product or the means to 
its production. 

Concurrently, a change was noted in the 
dissertation problems assigned to graduate 
students. Whereas these formerly always 
contained an element of new knowledge, now 
the stress is more towards a new product and 
preferably a marketable one. The student may 
not be assured of what would formerly be 


termed an excellent graduate education, but he 
is more or less guaranteed a well-paid job at 
the end of the road. In some instances, if the 
entrepreneurial company is remote from the 
campus at which the professor is nominally 
employed, the academic chair which he is 
expected to occupy may be vacant much of the 
time. Science gives way to technology, 
research to development and publication to 
patent. Lip service, of course, is still paid to 
basic research, but clearly the product is the 
thing. For what is an entrepreneurial company 
without a product? 

The prognosis for this epidemic is, at 
present, unfavourable. So far no treatment for 
the disease has been forthcoming; and whereas 
measures to prevent its further spread can be 
imagined, no one seems to have the strength or 
the authority to impose the rigid quarantines 
that would be necessary. Readers of the 
Arabian Nights may recall what happened 
when, inadvertently, the genie was allowed to 
escape from the bottle. Having allowed the 
venality gene to escape, we cannot foresee how 
the matter will ever be put right again. 

DeWitt STETTEN JR 
Depariment of Health & Human Services, 
National Institutes of Health, 
Bethesda, Maryland, USA 


Turkish rights 


Sin — As a foreigner who has studied and 
taught in Turkey for about eight years, I 
found your version of Dr Ogelman’s case 
lacking rationalism and credibility (Nature 25 
February, p.638; 18 March, p.186). 

I was a member of the faculty of the Middle 


- East Technical University at Gaziantep during 


the academic years when the internal political 
strife and violence on the Turkish campuses 
and in the streets was at its peak. It is no secret 
that some of the faculty at our campus, and 
indeed at every other campus, were openly 
involved in supporting the extreme right or 
left. As a matter of fact, during those days it 
was almost impossible and certainly very 
dangerous not to take sides, which meant 
inviting the wrath and enmity of both sides. At 
our university, where the leftist students and 
the faculty had the upper hand, anyone trying 
to be neutral and reasonable was branded as a 
fascist, which made the foreign faculty 
members, like myself and other North 
American and West Europeans, very 
vulnerable and insecure. My office and 
classroom were heavily pelted with stones for 
just beginning a lecture on the date when some 
leftist student had been jailed or hanged in the 
past. There were daily incidents of bombing 
and stabbing inside and outside university 
campuses and everyone lived in an atmosphere 
of terror. 

Active collusion of a part of the faculty 
with the criminal elements of both the right 
and the left frustrated the efforts of the 
university administration to bring about 
normalization. The police, who could not 
enter the university premises without prior 
authorization from the university, usually 
waited outside as passive and helpless 
observers while mobs of unruly students of a 
majority group kept the other students outside 
the university grounds. 

I am neither familiar with the facts of Dr 


Ogelman’s case nor is it my intention to 
defend the policies and/or practices of the 
Turkish government. It is, however, a known 
fact that Cukorova University, which was only 
a couple of hours drive from us, was the scene 
of repeated violence and had to be shut down 
frequently. You state that “Dr Ogelman has 
been prosecuted not because she is a physicist 
but because of her part in an organization 
intended to secure rights for women in a 
society in which these have recently been 
denied’’. 

I am afraid that the basis of your above 
statement as well as your advocacy for the 
cause of freedom for the Turkish scientific 
community need to be re-examined objectively 
and impartially. First of all, the rights of the 
Turkish women are solidly entrenched in the 
constitution. I have made several inquiries 
here and no one seems to know what rights the 
Turkish women have been denied recently and 
how Dr Ogelman’s organization is planning to 
restore those rights. In this connection, it 
would have been helpful if you had included 
the name of that organization also. From my 
own experience and knowledge as a resident of 
Turkey for almost eight years, I have no 
hesitation in saying that the Turkish women 
enjoy more rights and have far greater 
opportunities for advancement than the 
women of North America. 

As a scientist living and working in a free 
society, | appreciate and support your efforts 
in publicizing the plight of fellow scientists 
under oppression, but such incidents must be 
presented along with credible evidence which, 
in my opinion, has not been done in Dr 
Ogelman’s case. 

M.H. SADAR 
Middle East Technical University, 
Gaziantep, Turkey 


Sır — Your article ‘‘Turkish illiberality” 
(Nature 18 March, p.186) is a completely 
erroneous interpretation of the liberality in 
Turkey today. Being the co-author of the 
research paper published in the same issue of 
your journal (p.231), I must protest strongly at 
your misinterpretation of the situation of 
people with limited freedom in my country. 
Above all, the fact that you equate the Turkish 
martial law authorities with the Polish and 
Argentinian martial law authorities has driven 
me to think that your long established, serious 
and scientifically respected journal is taking 
advantage of its position by resorting to cheap 
politics. 

As you should know, Turkish women 
gained their rights in 1923 under the great 
leader Atatürk. The women’s organization 
mentioned in your article has attempted to 
give a misleading impression of the Turkish 
community, which consists of wholly liberated 
women. Scientists are human too; they can 
commit wrongs and rights, and can be 
condemned or set free. 

The martial law authorities in Turkey have 
not limited liberality and democracy, but on 
the contrary have created an atmosphere of 
pleasantness and friendship between people 
who were enemies before the present regime 
took power. Above all, their existence has 
eliminated anarchy and its fatal consequences. 

SELIM KAPUR 
Adana, Turkey 
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Discovery and disappointment 


THis year is a turning point in the 
development of science in West Germany 
since the Second World War. For one 
thing, this will be the first year in which 
government support for scientific research 
will not increase in real terms. For most 
agencies, the shortfall is not serious. In 
deutschemarks, indeed, budgets will be 
bigger, perhaps by four per cent. If 
inflation turns out to be six per cent, the 
real decrease will be a mere two per cent. 
But inflation could be greater than that, 
while, as people elsewhere know, official 
retail price indices are not an accurate guide 
to the cost of scientific work. 

The budget cuts, although unimportant 
in themselves, are nevertheless symbolic of 
questions that have arisen in many minds. 
In the past three decades of heady 
prosperity, both the federal and regional 
governments have backed research 
generously, and for two reasons: the 
restoration of German scholarship is as 
necessary as the restoration of the economy 
and then, of course, science is an important 
source of innovation and thus a kind of 
guarantor that the economic miracle will 
not fade. So if even the West German 
economy can be driven into recession, may 
it not have been a miscalculation to 
suppose that investment in research would 
keep economic growth alive? The logic is 
not very sound, but the question, once 
asked, cannot easily be suppressed. 

To politicians, the question takes the 
form ‘‘Are we getting value for all that 
money?” Their officials are responding 
with an energetic campaign to assist the 
process of “technology transfer”. A few 
spectacular successes could make future 
budgets safe. But the question echoes 
another which the scientific community in 
West Germany seems also to be asking: 
How well are we doing, anyway? After all 
these years of effort, why is the United 
States the place where most of the 
interesting discoveries are made? Is 
something wrong? 

The most surprising impression left by 
talks with a variety of scientists and 
officials is the tentativeness of science in 
West Germany. People seem to spend an 
alarming amount of time looking over their 
shoulders or trying to devise criteria for 
telling how well they are doing. (Nobel 
prizes per head per year? Mentions in 
Science Citation Index?) In reality, such 
lack of confidence is entirely in- 
appropriate. West Germany is not merely 
crammed with scientific enterprises of 
various kinds, many of which are 
internationally known, but the sheer scale 
of the West German enterprise is 
breathtaking. Yet even if the state of mind 
is paradoxical, the reasons why it has arisen 
may be of absorbing interest. 
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The brief survey of the state of science in 
West Germany that follows must not be 
mistaken for a catalogue. It is based on 
talks with officials of the federal 
government in Bonn and a string of visits to 
universities, laboratories and institutions 
at scattered centres as well as on the lavish 
use of the telephone. One objective is to 
investigate an interesting phenomenon ina 
manner that may interest readers. Another 
is the hope that it may be easier in future for 
Nature to do justice to an important part of 
the international scientific community. 

As will be seen, much of what follows is 
concerned with the mechanisms by which 
public funds are channelled into research in 
West Germany. For all kinds of reasons but 
not least the interaction between the 
federal and the Lander governments and 
the federal government's constitutional 
compulsion to delegate decision-making 
to virtually autonomous bodies such 
as the Max-Planck-Gesellschaft, these 
mechanisms are more interesting than 
almost anywhere else. One consequence 
is that part of the scientific establishment 
has been able to capture part of the 
government’s machine, and to use it itself. 

Especially in these circumstances, why 
should there be such a general air of self- 
conscious uncertainty? (One explanation is 
that the responsibility is almost too great, 
but few agree with that.} The first thing to 
say is that these doubts crop up only in 
places where the objective is basic research, 
and where people might hope to win Nobel 
prizes even with the restricted definition of 
science included in Nobel’s will. The 
people in the engineering school at Aachen 
know they are doing a unique job superbly, 
and have no recognizable self-doubt. 
(Chasteningly, one of them also asked 
“What is this journal Nature?’*) 





Nomenclature 


THE Federal Republic of Germany | 
(Bundesrepublik Deutschland) is 
referred to throughout as West 
Germany so as to avoid the use of some 
set of initials (for example, FRG) that 
does not translate into German. The 
German mark (abbreviated as DM) is 
the unit of currency except when in- 
appropriate. DMI = £0.24 = $0.43 ap- 
proximately, People’s forma: German 
titles are abbreviated by the omission of 
references to first degrees (for example, 
Dipl.-Ing.) and by the use of one or other 
(but not both) of the titles Professor and 
Dr. Place names are given in the English 
form when the German names cannot 
easily be pronounced by English 
speakers (for example, Munich, 
Cologne) but Hannover is spelled with 
two ens, as it should be. 
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5o does the self-doubt have something to 
do with West Germany? That would not be 
a surprise. Although well over half of those 
now living in West Germany were born 
after the end of the Second World War, the 
economic miracle has tended to obscure the 
plain truth that West Germany as it now is 
was cobbled together by the three Western 
occupying powers in the late 1940s, became 
a fully sovereign state only in 1955 and gave 
up all hope of unification with its other half 
only in the late 1960s. And there remains 
West Berlin as a reminder to all who care to 
notice that the problem to the East was 
never resolved as intended at the Potsdam 
conference in 1945. As it is, three hours’ 
driving (West German style) will take you 
from the Dutch border at the Ruhr to the 
eastern border near Braunschweig. From 
Göttingen, further south, you can walk to 
the border and back within the day. And if 
such circumstances fail to remind the 
young that West Germany is a living piece 
of suspended history, like a fly in amber, 
there are always people ready to remind 
them. One young woman in a Hannover 
restaurant asked whey she had stil/ met so 
much rudeness on a recent visit to Britain. 
Who knows how to quantify the effects of 
this on people’s confidence at the bench? 

More particular versions of this question 
inevitably arise. What for example were the 
consequences of the exodus from German 
universities in the 1930s? And of the 
Catch-22 trick that in the 1930s encouraged 
public servants such as university teachers 
to join the Nazi Party and then, in 1945, 
denied public service to former Nazis? The 
result was that the post-war cohorts of 
undergraduates, now of an age to be 
laboratory directors, were mostly taught 
by people who had been unwillingly 
conscripted into military service, Again the 
importance of this effect cannot be 
quantified; the pages that follow will not 
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attempt to answer the implied question. 

One startling comment on this con- 
undrum, from an older scientist, is 
nevertheless worth recording. The exodus 
should not have mattered, the argument 
goes. For the people who left during 
Hitler’s time, Einstein and the like, were 
people who had been attracted to pre-war 
Germany from countries such as Switzer- 
land, so that their disappearance mostly to 
the United States should in eugenic terms 
be strictly irrelevant. 

Historically, and culturally, the first half 
of this century may come to seem an 
irrelevancy. For can it be simply a 
coincidence that West Germany has 
finished up a latter-day replica of what 
Germany seems always to have been — a 
confederation of autonomous states, as in 
the Holy Roman Empire of the thirteenth 
century and the German Confederation 
that followed Napoleon’s defeat? 
Certainly neither Hamburg nor Munich 
now would have it otherwise. 

Other manifestations of historical 
continuity keep cropping up. The past 
decade’s spate of social legislation? Merely 
an extrapolation of the Weimar Republic’s 
attempt to codify the liberally-paternalistic 
practices of the mediaeval German princes 
and their successors, the joint-stock 
companies of the nineteenth century. 
Legalism, obsession with laws and their 
interpretation? But that’s straight from the 
Romans, and anyway you cannot feel free 
until your freedom has been defined. The 
tendency towards ideology (purpose 
shaping action) that prevents those who 
hoid to the concept of the interdependent 
society from breaking into each other’s 
cars but which tempts a small minority 
along the Bader-Meinhof path? If Calvin's 
reformation (when Geneva was still part of 
Germany) caused such trouble, it could not 
now be seemly to accept as colleagues 
people whose motives are misguided, 
whatever their other virtues (see page 264). 
And scholarship? Even now, in 1982, few 
can take up that subject without referring 
to Wilhelm von Humboldt, the founder (in 
1810) of the University of Berlin, who at 
the same time put out the then-liberal and 
now supposedly-effete message that good 
research begets good teaching. Evidently 
the Third Reich might never have 
happened. And the West German 
universities have splendidly played their 
part in fostering this sense of historical 
continuity. 

But for how much longer? It is clear that 
opinions in West Germany are deeply 
divided about the wisdom of what has been 
done to the universities in the past decade 
or so. Inevitably, the pessimists are more 
vociferous than the optimists, but they 
seem also to have the stronger case. So no 
apology is needed that much of what 
follows reflects the anxieties of those who 
are alarmed at the consequences of reform. 


This survey has been compiled by John 
Maddox with assistance as indicated. 


Science in West Germany 


WHATEVER happened to the West German 
economic miracle, the phenomenon by 
which in the 1950s Chancellor Konrad 
Adenauer and his economics minister, 
Ludwig Erhard, arranged that West 
Germany should become the most pros- 
perous of all the states of Western Europe? 
The most comforting answer is that the 
economic miracle is still there, just waiting 
for the long recession to end. 

This is probably half true. Economic 
growth and large trade surpluses persisted 
throughout the 1970s, while other Western 
economies were already faltering. Only in 
the past two years has the growth stopped. 
Unemployment (once negative in that West 
Germany in the early 1970s relied on an 
estimated 2.3 million ‘‘guest-workers’’ for 
its labour force) had begun to rise in 1973, 
and is now heading for 2 million. And 
inflation, somewhat exaggerated by the 
West German retail price index at an 
average of 6 per cent a year in the 1970s, has 
now begun to increase. At least part of the 
trouble is that West Germany has at long 
last been affected by the stagnation of 
international trade in the manufactured 
goods which constitute some 47 per cent 
of the country’s export trade. 

Nobody, however, believes this to be the 
whole story. For one thing, there is the cost 


Briefing 


WEST GERMANY is the quintessential 
federal state. Its existence springs from 
the decision of the three Western 
occupying powers (France, the United 
Kingdom and the United States) in 1947 
that a measure of self-government should 
be permitted in the west of the country 
pending agreement on German 
unification. The ‘‘Basic Law” 
(Grundgesetz) adopted at Frankfurt in 
1949, for practical purposes the cons- 
titution of West Germay, reflects the 
insistence of the occupying states that 
political power should as far as possible 
rest with the regional (Land, pl. Lander) 
governments. (West Berlin is an eleventh 
Land, but has a special status.) 

The basic law provides a complicated 
system of checks and balances by which 
the powers of the federal government are 
constrained. The power to take on tasks 
(such as research) not specified by the 
basic law requires a formal treaty between 
the federal and the Länder governments. 
The second chamber (Bundesrat) of the 
federal parliament consists solely of rep- 
resentatives appointed by the Länder. 
The federal constitutional court (Bundes- 
verfassungsgericht), based at Karisruhe, 
interprets the constitution on demand, 
and can overturn legislation deemed un- 
constitutional while also considering, for 
example, appeals by students against 
examination results. 
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Will the miracle come back? 


of oi! and natural gas, almost all of which 
has to be imported. Although conservation 
measures have had a substantial effect on 
petroleum imports (down from 98 million 
tonnes a year in 1974 to just over 90 million 
tonnes a year now), the cost of oil and gas is 
between a sixth and a fifth of West 
Germany’s import bill. This charge on the 
economy is not going to go away. 

People in West Germany are more 
alarmed, however, by what seems a sinister 
threat to future prosperity — the challenge 
from Japan. The days have long since gone 
when Volkswagen’s beetle swept the world. 
Now the beetle’s successors have to 
compete in the export markets with 
cheaper but still well-engineered products 
from the Far East. The same is also true in 
electronics. And for other reasons, the 
West German chemical industry — the 
other foundation of the post-war export 
trade — has faltered, financially shackled 
by expensive investments conceived of 
when economic optimism was the order of 
the day. So everybody is convinced that 
there must now be a new period of creative 
innovation in West German industry. 
‘Technology transfer” is the slogan. 
Science may be one of the beneficiaries. 

Much less often, people also worry 
about the possible consequences of the past 


The partition in 1945 of Germany and 
its consequences (east-west migration) 
have left West Germany with just over 
two-thirds of the total area (excluding the 
parts of Germany transferred to Poland 
in 1945) but four-fifths of the population 
(now 61 million). 

The post-war history of West Germany 
has been shaped as much by the economic 
miracle of the early 1950s as by the almost 
continuous wrangle about East-West 
relations. Starting from an admittedly 
low base, for the best part of a decade the 
West German economy grew faster than 
any other in Western Europe. Now the 
Gross National Product is close on 
US$10,000 per head of population, close 
to that of the United States. 

Since 1969, the federal government has 
been formed by a coalition of the Social 
Democrats (SPD) and the Free 
Democrats (or liberals), with Willy 
Brandt and Helmut Schmidt as successive 
chancellors. Now, however, there are 
signs that the coalition’s hold on the 
federal government (and the cohesion 
thereof) is weakening. The Chancellor 
has had trouble within his own social 
democratic party on nuclear policy (civil 
as well as military), while the coalition has | 
begun to lose control of some Lander 
governments. The election in Hesse 
(capital Frankfurt) in September is likely 
to be crucial to the coalition’s future (and 
to its capacity to govern effectively 
between then and the Bundestag election 
still two years away). 
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The increase fin actual values} of West Germany's 
exports and imports. The major exports are all types 
of machinery, motor vehicles, electrical engineering 
and chemical products. Major imports are food, 
drink, tobacco, petroleum and natural gas. 


decade and a half of social reform 
introduced by the Social Democratic Party 
(SDP). Certainly the past few years have 
seen a substantial increase in social transfer 
payments by the federal and Ldnder 
governments for such things as pensions, 
student support and unemployment 
assistance (and the high cost of these 
statutory payments when tax revenues have 
been reduced by the recession is the 


immediate cause of the economies now 
being enacted throughout public adminis- 
tration). But there is no sign that the SPD 
government’s reforms have in any way 
impaired the efficacy of the market 
economy which has been the engine of 
economic success in the past three decades. 
Thus the statutory extension in 1976 of the 
rights of workers to participate in 
management decisions (at a time when even 
a British Labour government failed to 
make headway towards similar objectives) 
is said even by Christian Democrats to be 
but a continuation of a tradition going 
back, in West Germany, to the 1920s. 

But may not people’s attitudes have 
changed? The economic miracle was a 
heroic time for West Germany. People rose 
to the challenge. Now, some fear, 
affluence has made the younger generation 
work-shy, from which point of view the 
activities of the ‘‘greens’’ (politically active 
environmentalists) is akin to sabotage of 
the West German dream. Such gloomy 
after-dinner musings are probably mere 
speculation. That they are offered at all as 
serious contributions to the question of 
what the future holds is a measure of the 
extent to which the economic miracle lies in 
the past. C 


Universities reformed to death 


By spitting out a peppermint in a dental 
surgery, does a dental student demonstrate 
such an ignorance of simple hygiene as to 
be unqualified for his profession? Last 
year, after an angry scene with such a 
student, a member of the dental faculty at 
Munster took this view, and said that a 
final examination should be retaken. But 
the local appeals court has now decided in 
favour of the student. 

This solemn affair illustrates one of the 
common complaints of academics in West 
Germany. Legal interpretations of the 
public duty of academics (who are public 
servants) take precedence over research 
and teaching. But of the thousands of suits 
brought against the universities each year, 
most come from would-be students seeking 
to prove that they have been wrongly 
denied a place. 

So what has become of the ‘‘Humboldt 
university’’, that community of scholars 
willing to share their learning with anybody 
who chose to take part? The embittered say 
that the classical German university has 
been killed off by the sequence of reforms 
to which the West German system of higher 
education has been subjected in the past 
fifteen years. The reformers agree that the 
system is still in turmoil. 

The underlying trouble is that West 
Germany has sought to reconcile several 
irreconcilables — the principle of open 
access to any university in the country, the 
doctrine that all universities are equal, the 
practice that universities are run by the 
ministries of culture in the Länder in which 
they happen to be sited and the 


phenomenal increase in the demand for 
higher education in the past twenty years. 
Add the West German conviction that the 
law is the law is the law, and the plain fact 
that the reforms, consisting as they do of 
formal agreements between the federal and 
the Länder governments, are public legal 
documents, and you have a recipe for 
muddle, even chaos. 

Historically, this mess was preordained, 
After the twelve years of incivility that 
ended in 1945, what can have been more 
natural than that the few surviving 
academics and the army of their would-be 
successors should have set out to recreate 
the Humboldt university, with all its 
blinding virtues and glaring faults? 

The principle is admirable. The 
university is a community of scholars 
supported by the state (Land) as if it were 
an opera company. The scholars or pro- 
fessors (Ordinarien, sing. Ordinarius) are 
the university but each year they elect one 
of themselves (the Rektor) to be their head. 
As public servants, their duties are spelled 
out (for example, to lecture eight times a 
week) but they negotiate their salaries with 
the Land’s appointed bagman in the 
university, the Chancellor. He and not the 
Rektor also decides each professor’s 
allocation of assistants, research expenses, 
janitors and capital costs. Students do not 
explicitly enter these calculations. The 
bright or pushy become unpaid laboratory 
assistants (‘‘learning through research’’). 
The others move on elsewhere, looking for 
something more congenial. 

This system, which made possible the 


flowering of German scholarship at the end 
of the nineteenth century, is obviously 
open to abuse. Well-favoured professors 
may acquire delusions of divinity, and may 
tyrannize their assistants. And since even 
among scholars, rivalry and even jealousy 
may from time to time occur, professors in 
related fields and their respective 
entourages, organized into separate 
institutes, may occasionally behave like 
warring empires. 

Great men and good universities usually 
managed to avoid such dangers. But the 
universities recreated after the Second 
World War were faced with a rapid growth 
in the numbers qualified to be students. By 
1960, it was plain that the then-existing 
universities could not be expanded 
indefinitely, and that new institutions 
would be necessary. With Nordrhein- 
Westfalen in the lead, and with the promise 
of financial assistance from the federal 
government, the Länder set out to create 
new universities more or less in the image of 
the old. But the pace of construction was 
insufficient, and the replication of 
universities in the existing pattern could 
not meet the needs of society, let alone of 
students. 

So what was to be done? By the 
mid-1960s there was a fierce argument 
between those represented by Professor 
Ralf Dahrendorf (then at Cologne, now 
director of the London School of 
Economics) who argued that there should 
be institutions equipped to provide 
vocational tertiary education (and shorter 
and more structured courses all ove ) and 
those who sought a more radical change i in 
the structure of the university while 
preserving the cherished notions that. all 
universities are in principle equal and that 
qualified students may study where they 
like. | 

The argument, unfortunately, did little 
to help the universities overwhelmed by 
students, some of which began to operate a 
numerus clausus rule — students should be 
turned away if there were already too many 
of them in the university or some part of it. 
This offence against the doctrine of free 
access was held to be an infringement of 
people’s constitutional right to follow the 
profession of their choice. The operation 
of a quota system now, in fields such as 
medicine and veterinary medicine, is one of 
the chief sources of litigation by would-be 
students. 

The second wave of expansion in higher 
education that began in 1970 appears to 
have given something to both parties in the 
earlier argument for reform; technical 
colleges of various kinds, traditionally 
means by which the graduates of non- 
Gymnasium high schools acquired a 
vocational education, were enlarged, 
upgraded and called Fachhochschulen. 
And the new universities established after 
1970 (often built around pre-existing 
technical or teachers’ colleges) were 
‘‘comprehensive’’ in that they offered 
courses of frequently vocational study, 
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THE universities are intrinsically 
conservative, so how can ‘‘reform’”’ 
imposed from outside fail to damage them? 
This was the gloomy lament of Rektor of 
the University of Munich, Professor 
Nikolaus Lobkowicz, on the day last 
month when he had just handed in his 
resignation to the Bavarian government 
after being voted out of office. 

A touch of bitterness would in the cir- 
cumstances have been forgivable; that 
university rectors should be elected every 
four years is laid down in the federal reform 
law for higher education. But that 
suspicion is too dark. Professor 
Lobkowicz is a political scientist born in 
Czechoslovakia who has spent most of his 
working academic life in the United States. 
His description of himself as a true con- 
servative is relevant. 

The University of Munich is the biggest 
in West Germany, with 45,000 students or 
thereabouts. Bavaria is the stronghold of 
the Christian Democratic Union and, 
Lobkowicz thinks, the Land made a 
tactical mistake in 1969 by trying to 
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Lobkowicz — eloquent on reform 
preempt the federal law then being hatched 
by making one of its own, Bavaria 
overlooked its own long-standing tendency 
towards ‘‘preposterously perfect’’ 
legislation. 

Legalism has run riot. In one recent year, 


degrees but had to fight 1,300 court cases, 


to the Constitutional Court in Karlsruhe. 

The bureaucracy, the Rektor says, is 
palpably a pain; the damage done to aca- 
demic standards cannot be as easily 
assessed. But surely the old system, in 
which holders of a university chair 
(Ordinarien in the old nomenclature) were 
treated as gods in their departments, was 
capable of corruption? So what? is the sur- 
prising answer. “‘Who says that corruption 
excludes excellence?” 

The most serious of the present dangers 


the new system for appointing people as 
professors of one of the Western world’s 
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the university awarded 1,100 doctoral 
most of them brought by students contest- 


ing examination results. Occasionally, the 
university takes the government of Bavaria 


in Professor Lobkowicz’s opinion is that. 


Science in West Germany 


A conservative opinion on reform 


great universities will ensure that they are 
“smooth” people, first of all electable and 
only secondarily capable of scholarship. 
The drill now is that the senate instructs the 
Rektor to submit a list of three nominees 
for each professorial appointment to the 
Land government, in order of the 
‘‘soviet’s’”’ preference. (Students and other 
ranks are represented on these committees, 
but professors have a majority.) 

The minister knows that there will be a 
row if he fails to appoint the first name on 
the list, but apparently there have been 
occasions when a discreet telephone call 
has persuaded him to take the risk. One of 
Lobkowicz’s own regrets is that he failed to 
persuade his fellow academics to appoint as 
an honorary professor a distinguished 
Marxist philosopher ‘‘with whose every 
word I disagree” but who might have been 
good for the university. Reform, says 
Lobkowicz, has made the world safe only 
for the safe. 

The result, he says, is that both scholar- 
ship and the scholarly professions have 
been debased. The great teachers of the old 
days have been replaced by people on the 
hunt for material with which to embellish 
their curricula vitae. And the days have 
long since gone when it was reckoned better 
to be a university professor than a bishop. 
So university teaching has become less 
attractive to bright people, those left are 
reluctant to welcome colleagues who may 
be brighter than themselves — and the 
brightest students are in any case per- 
suaded to opt for courses of study to which 
entry is restricted, medicine for example. 

On the state of West German science, 
Lobkowicz is more puzzled than dismayed. 
Nobel prizes or the purchase of foreign 
patent rights are poor criteria of success, he 
says, while the prevalent academic 
convention to despise the popularization of 
scholarship has removed academic 
scientists from intelligent appraisal by their 
fellows. He notes the growing tension 
between university teachers and those 
working in Max Planck institutes, who 
have more time for research. He agrees that 
young people returning to West Germany 
from a successful spell in, say, the United 
States tend to lose their sparkle once back 
at home. 

The explanation? The bureaucracy 
engendered by the reform. Yet Munich has 
been lucky in its minister of culture — it has 
dutifully ‘‘integrated’’ the Pädagogische 
Hochschule and only one department has 
been “‘ruined’’ in the process. 

Why not, then, reform the reform? The 
outgoing Rektor is despondent even about 
that. For an amended law would be even 
more detailed than the present, allowing 
more scope for legalism. But Lobkowicz 
says that he differs from his colleagues else- 
where in this opinion and he insists that his 
is a conservative view, It is, however, 
eloquent and influential. 
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used instructional methods other than the 
formal lecture yet awarded degrees 
formally equivalent to those offered by the 
pre-existing universities. 

The cap has been set on this pattern by 
the federal government’s ‘‘frame law” on 
higher education, a general prescription 
for the ways in which Länder governments 
should organize their universities made 
constitutionally possible by the 
amendment in 1969 of the West German 
constitution, which permitted collabor- 
ation on “‘common tasks” between the 
federal and Länder governments on 
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Student registration in higher education in West 
Germany from 1960 to 1980 (in thousands). 


matters previously reserved to the latter, 
One objective of this tortuous piece of 
legislation is the removal of the oppor- 
tunities for abuse in the classical German 
university. Departments rather than pro- 
fessorial chairs (Lehrstühle) were decreed 
to be the “basic organizational units’’, 
Rektors were to be elected for four years 
rather than one, staff vacancies were to be 
advertised, and so on. 

The crucial and controversial part of the 
frame law, however, is the declaration that 


... the different types of institution of higher 
education shall be brought together to form a 
new system of higher education. Institutions 
shall be extended or merged to become 
comprehensive universities or, while retaining 
their legal autonomy, shall be linked together 
by the establishment of joint bodies to form 
comprehensive universities. Where it is not, or 
not yet, possible to establish comprehensive 
universities, cooperation between institutions 
is to be assured. 


The zeal with which these principles have 
been prosecuted varies from Land to Land. 
Although the deadline for decision 
specified in the act was 1979, the system is 
still in flux. Observers from outside must 
marvel at the confusion that results. Here is 
one list of what seems to be awry: 

@A university cannot match student 
registration to its capacity to teach unless 
the Land government has formally 
declared a shortage of capacity, in which 
case only the Central Office for the 
Allocation of Study Places can decide 
which students shall be taken in. In 
practice, quotas apply principally in 
medicine and related courses. The law 
specifies that two-thirds of the available 
places should be allocated according to 
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grades in high-school leaving examina- 
tions, but the number of ‘years spent 
waiting for a place should count in the 
allocation of the remainder. 

@The time spent by universities and their 
academics in providing information about 
the way they spend their time (essential if a 
university is to defend itself against law 
suits brought by students who argue that 
they have been turned away when they 
could have been taken in) is an intolerable 
intrusion that makes the ‘‘effort 
reporting” required of grant-holders in the 
United States seem benign. 

@While entry to restricted courses is to 
some extent determined by school-leaving 
grades, the recent reform of the Abitur 
system makes possible a degree of 
specialization at school, but there is no 
means of linking that with the course 
chosen at university; whence the complaint 
that .school-students plump for easy 
options when their real-aim is to enter a 
medical school. 

@The attempt to modernize the content of 
university cour, nd to ensure national 
uniformity. nce to. the conviction 
that a deg: degree (or that all 
universities ar sal) and to ensure 
transferability. from one place to another 
has the predictable effect of increasing the 
duration of students’ courses, now more 
like six years than the. minimum four. 

(Students’ grants, a liability chiefly of the 
nt since 1972, run out 
after five years. ) Yet students’ preferences 
for the older universities. Suggest that they 
do not regard the universities as equal, so 
the newer universities are, through no fault 
of their own, under-used. 

The consequences of all this for the 
conditions of the research enterprise are 
only indirect. The mechanisms for finan- 
cing research in universities are enlightened 
(see below), and almost entirely in the gift 
of the research community itself. But in the 
universities that remain popular with 
students, the teaching load has become 
intolerable (research during vacations 
only), and the nature of academic life has 
changed in such a way that people are likely 
to find the Max Planck institutes even more 
seductive than they already are. Doubts 
persist about the way in which students are 
being taught. 

The past few years have, however, seena 
more immediate problem. The federal and 
Länder governments, linked financially 
together by the taxation system, are being 
forced to live within their means. In many 
places there is a moratorium on filling 
academic places, and a 7.5 per cent 
reduction of all public posts is likely by 
1986. 

In Nordrhein- Westfalen, the spearhead 
of educational expansion in the 1960s, the 
problem is more acute. By being first in the 
movement to establish comprehensive 
universities, the Land has saddled itself 
with educational facilities still under-used, 
as well as with institutions such as the great 
medical school at Aachen (see page 267) 
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whose future must be problematical. The 
result is that the word went out from 
Dusseldorf (the state capital) at the end of 
March that there must be reductions of the 
scale on which the traditional universities 
operate. In a form reminiscent of what has 
been happening in Britain in the past few 
years, the Minister of Culture has recom- 
mended that this or that department must 
be closed. The University of Bonn, now 
bursting at the seams with 35,000 students 
(including 5,500 law students) in buildings 
fit for half that number, has been told that 
it must lose part of its teacher training pro- 


gramme, and its institutes of egyptology 
and Scandinavian studies. Dusseldorf’s 
immediate target is to save 400 jobs at 
Bonn. Nobody knows how many of those 
posts are intended to finish up at places 
such as Aachen. Indeed, it is still possible 
that the overcrowded universities will be 
able successfully to resist what Dusseldorf 
has in mind. If the issue is settled before the 
mid-1980s, when the falling school rolls 
will have worked their way through to 
higher education, giving some relief to the 
overcrowded universities, everybody will 
count himself lucky. G 


Where to get research grants 


PLURALITY is most academics’ defence 
against the peer review system, but not in 
West Germany. For there is just a single 
agency for supporting research in higher 
educational institutions —- Deutsche For- 
schungsgemeinschaft (German Research 
Society) or DFG. Curiously, however, this 
single organization is not the monolithic 
enterprise that might be feared; grant 
applicants speak well of what it does, even 
if university administrators complain of 
having to sign several identical pieces of 
paper for each grant application. 

Part of the explanation for the respect 
accorded to DFG is historical. There has 
been a device of some kind for helping 
academics to carry out research since 1920, 
when Max Planck and Fritz Haber 
persuaded the then Reich to put money into 
such an enterprise. After the Second World 
War, DFG was formed by a merger of two 
similarly intentioned organizations as the 
result of a treaty between the federal and 
the Länder governments. 

The legal constitution of DFG also 
helps. H is not a government agency but the 
strict equivalent of a ‘‘not-for-profit”’ 
organization in the United States or an 
operating charity (a company limited by 
guarantee) in the United Kingdom. And 
those responsible for its operations are not 
people but a motley collection of legally 
autonomous academic enterprises — many 
(but not all) of the universities, some (but 
only a few) of the national research centres 











Special 
collaborations 
(30.8%) 









Ordinary 
grants 
(43.5%) 





(13.0%) Priority 
programmes 





Left: Expenditure by DFG (in 1980) on the various forms of grant support. 


and a sparse sampling of learned and 
scientific societies. The result is that even 
though the funds for DFG’s operations 
come from the federal government and the 
Lander governments, which are all 
represented on various high-level 
committees, these same committees 
provide such a complicated system of 
checks and balances that the potential 
beneficiaries of DFG have a real sense of 
making policy, particular and general. 

At the same time, DFG has many of the 
functions of what are elsewhere known as 
national academies. Thus it pays the West 
German contribution to bodies such as the 
International Council of Scientific Unions, 
looks after the exchange of scientists with 
other countries in Europe and elsewhere, 
worries about scientific libraries (and such 
questions as computerized information 
services), carries out studies at the behest of 
government and runs the “Heisen erg 
programme” — West Germany’s device 
for helping people who would in other 
times walk straight into academic jobs but 
who are now, in a period of relative 
stagnation, kept waiting on the sidelines. It 
differs from a learned academy, however, 
in the scale of its operations — the budget is 
close on DM900 million — and in not 
electing people to any fellowship. 
Naturally, German culture being what it is, 
DFG looks after the whole of scholarship, 
both Protestant and Catholic, theology 
included. 
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includes medicine. 
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Another Catch-22? 


THE West German government, a great 
believer in economically counter-cyclical 
devices, was among the first to introduce 
(in 1978) a scheme for catering for 
younger scientists for whom there would 
in normal times have been empty 
academic posts, but who in present 
circumstances are likely to be forced out 
of research. How well is this Heisenberg 
programme working? 

By the beginning of 1982, 246 people 
had been awarded fellowships, which can 
run for five years. The scheme was 
devised by the West German Rektors 
Conference, is supported financially by 
the federal and Ldnder governments, and 
administered by the DFG. 

Those elegible for support must be 
qualified (by means of the Habilitation 
process), for appointment as a tenured 
























As a grant-making organization, DFG 
does business in a variety of ways. At one 
end of the scale is the standard procedure 
by which academics can apply for research 
funds to employ research assistants, to 
travel abroad, to be freed from teaching 
and research for a year and even to prepare 
(over a period of no more than two years) 
for qualification as a full university 
professor (Habilitation). DFG spends close 
on half its budget on these activities, and 
makes more than 5,000 grants a year with 
an average cost of about DM80,000 each. 
Half of the cost is met by contributions 
from the Länder and federal governments. 

As in Britain, grants of this kind are 
made on the assumption that university 
applicants already have access to the 
essential tools of research. Hitherto, the 
Länder governments appear to have been 
generous in this respect, partly from 
regional pride, partly because well- 
equipped universities are better able to 
compete for centrally administered funds. 
But DFG is alarmed at the signs that have 
become apparent in the past two years that 
many applicants are no longer able to 
satisfy their sponsors on this point. With 
misgivings, DFG is now paying for some 
equipment that it would previously have 
expected the university to provide; the fear 
is that too much of this will erode its 
capacity for making grants. 

Larger projects are financed by different 
mechanisms. A group of researchers at a 
university can apply to be financed as a 
research group, and there is a ‘‘priorities 
programme’’ that enables groups of 
academics anywhere in West Germany to 
collaborate on a research topic considered 
by DFG to require special attention. 

West German participation in the Deep 
Sea Drilling Project has been in part made 
possible by a priorities programme grant of 
more than DM20 million to a research plan 
coordinated by Dr Helmut Beiersdorf trom 
the Federal Geophysics and Natural 
Resources Laboratory at Hannover, which 
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university professor. One striking proof 
for this necessity is the frequency with 
which visiting cards refer to this 
qualification, unknown outside West 
Germany. 

However, the DFG is apparently not 
able to spend all the funds at its disposal 
for this purpose — enough for 150 new 
fellowships each year. The problem is 
that selection committees are anxious 
that those awarded Heisenberg fellow- 
ships should be people who could, with- 
out disgrace to themselves or anybody 
else, move into a university post should 
one become vacant. But those are also the 
people who are likely to be snapped up by 
Max Planck institutes, industry and, even 
in these straightened times, the universities. 

What seemed, only a few years ago, to 
be an imaginative solution to a widely 
recognized problem has thus turned out 
to be another Catch-22. 





involves some 36 investigators at 14 
universities (most of whom have used DFG 
funds to buy equipment). More recently, 
nationwide collaborations on this pattern 
have been set up in gene technology and the 
mechanical engineering of miniaturization 
technology. 

The most distinctive of DFG’s 
mechanisms for supporting academic 
research is, however, the scheme for 
providing long-term grants to university 
departments prepared to concentrate their 
research in some specified field. This 
Sondersforschungbereich programme sup- 
ports projects as different as the University 
of Bonn’s continuing interest in 
radioastronomy (see page 274) and a 
variety of clinical projects scattered 
through West Germany. Since the 
beginning of the programme in 1968, about 
180 of these special collaborative projects 
have found their way onto DFG’s books. 
The scale of support appears to range from 
DMI million a year or less up to DM12 
million a year (for the marine construction 
project at Hannover), with the average cost 
at about DMI.5 million. Unlike DFG’s 
other grant-making activities, the costs of 
this programme are not shared equally by 
the federal and Ldnder governments but, 
rather, are divided in the ratio 3:1. 

While it seems that DFG has frequently 
brought such projects to an end, there has 
been a tendency over the years for the 
number of current projects to increase. But 
now DFG is constrained by a recom- 
mendation of the Wissenschaftsrat that 
these projects should not normally last for 
more than 12 or 15 years. With 40 current 
projects going back to 1968, the next few 
years will see rapid change. This is part of 
the reason why the theoretical mathematics 
Sonderforschungbereich at Bonn is being 
converted into a Max Planck institute. 
Elsewhere, some discreet renaming of 
research projects may be necessary. 

At the Max Planck institutes, DFG 
operates a formal and stringent system of 








Nature Vol. 297 27 May 1982 


r a aaa 


invigilation for deciding whether support 
for one of these special programmes should 
continue. Every three years or so, a team of 
people in the field spends two days inter- 
viewing the members of each collab- 
oration, raising awkward questions about 
the inevitable gap between aspirations and 
achievement. The invigilators pride them- 
selves on being tough. 

Broadly speaking, DFG seems confident 
that, despite this year’s interruption, its 
previously steady growth will soon be 
resumed. Between 1981 and 1982, the 
budget grew by just six per cent, the 
equivalent of inflation, but the prospect is 
that next year’s budget will be only four per 
cent greater than now — an increase less 
than the probable inflation rate. The 
general secretary of DFG, Dr Carl Heinz 
Schiel, expects that DFG’s budget will 
continue to grow at least until around 1990, 
when demographic change may imply that 
the university system begins to shrink. 

As an essential component of what 
wouid elsewhere be called the dual-support 
system for the universities, perhaps the 
most immediate threat is that, as in Britain, 
regular support for the universities may be 
so cut back by the Länder governments 
that DFG’s grant-making capacity will be 
undermined. Inflexibility is another 
difficulty. Because of the different degrees 
of the involvement of the Länder 
governments in DFG’s general and special 
programmes, the transfer of funds from 
one part of the budget to another is 
constrained. Moreover, because new Son- 
dersforschungbereich projects have to be 
approved in advance by the 
Wissenschaftsrat, speed cannot be assured 
nor political interference ruled out. 

What seems most conspicuously to be 
missing from the pattern of DFG’s 
activities is some mechanism for 
supporting substantial programmes of 
research by the younger members of 
academic faculties. The Heisenberg 
programme (see box) is intended to keep 
some such people in an academic orbit 
when they might otherwise be frozen out, 
but the needs of young and potentially 
daring researchers seem to fall between the 
two stools of modest individual support as 
part of the standard grant mechanism and 
the much larger programme grants in 
which large groups of people, many of 
them senior scientists, are simultaneously 
involved. 

The consequence may be the explanation 
given by one academic molecular biologist, 
a member of one of DFG’s research 
groups, for his fatalistic expectation that 
the next dramatic development in his field 
would be made by some American group. 
But why not you? “Well,” he said, ‘‘our 
hierarchy is more rigid than theirs, we are 
less mobile and our communications with 
each other are less good.” Add to that the 
teaching load, which keeps senior 
academics away from the bench except 
during vacations, and you have a recipe for 
being second. € 
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A little knowledge 


Ir wissen means ‘‘to know”, 
Wissenschaft means ‘‘knowledge’’, and 
since German culture makes no dis- 
tinction between different branches of 
knowledge, Wissenschaft accordingly 
includes ‘‘science’’ as one of its English 
meanings. But this English legend does | 
not correspond with present usage. 

A further complication is the use of the 
prefix Natur (meaning ‘‘nature’’) as a| 
qualifier, for Naturwissenschaft means 
*‘physical science’’, as distinct from, say, 
the biological sciences (as in Biowissen- 
schaften), but Naturforschung appears | 
to mean scientific research of any kind. 
Confusion is not common, but appears to 
have led to the common practice of 
translating Wissenschaftsrat as ‘‘science 
council’’. 

That unique institution, made 
necessary by the federal character of the 
West German constitution and set up in 
1957, has a general influence on the | 
development of the university system and | 
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the research enterprise in West Germany. 
The Wissenschaftsrat is a kind of consti- 
tutional rubber stamp. Its general 
assembly consists of two constituencies | 
— one appointed by the federal govern- | 
ment and one representing each Land 
equally — with equal voting power. 
There are also outsiders from universities | 
and business who do not vote. Tech- 
nically, the council is advisory to the | 
federal and Länder governments. | 
Recommendations require a two-thirds | 
majority, which means that the federal 
government can have its way if four 
Länder support it. 

For the first decade and a half of its 
existence, the council was creatively 
influential; and even now it would be 
imprudent of the federal government or 
one of its agencies to think of doing some- | 
thing new without the council's 
agreement. Thus proposals that public 
money should be spent on a new lab- 
oratory, or that some new university 
should be established, are at some stage 
cleared with the council. 

The agenda for discussion has shrunk 
since the constitutional amendment of 
1969 that gave the federal government a 
role in higher education. Even so, it 
retains a life of its own. In the past two 
years, it has for example argued 
successfully that the Deutsche 
Forschungsgemeinschaft (DFG) should 
not make long-term programme grants 
for more than 12-15 years (which advice 
appears to have been taken seriously). 
The council was more recently influential 
in the decision that the new Alfred 
Wegener research centre for polar 
research should be located at Bremen 
rather than at Kiel. 

The most accurate translation of the 
council’s German name may therefore be 
‘‘the council for the polities of 
scholarship”. 
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Aachen’s other cathedral 


THE great Klinikum of Aachen stands in 
relation to the city at which Charlemagne 
was defeated as did the opera house to 
Sydney a decade ago: it is too soon to know 
whether it is one of the wonders of the 
modern world, a white elephant or both. 
But the now-estimated cost of DM 1,700 
million of what may yet become the world’s 
most gargantuan teaching hospital has 
already so cramped the budget of 
Nordrhein-Westfalen that the repercus- 
sions will be felt next October in all the 
Land’s universities from Bonn to Bochum. 

Like Aachen’s cathedral (probably the 
loveliest of them all), the Klinikum lies ina 
hollow but towards the west of the city, 
within sight of the Belgian and Dutch 
borders. Like all cathedrals, the Klinikum 
is huge, with a usable physical capacity of 
130,000 m° and a gross volume (including 
air-conditioning plants and the like) of half 
as much again. If ever completed, it will 
house 10,000 people, including 1,500 
patients, 2,500 medical students and up to 
500 dental students. Like many mediaeval 
cathedral projects, the Klinikum has been 
plagued by subsidence — some parts of it 
have sunk by as much as 5 cm. 

Like any cathedral, the Klinikum is the 
physical expression of somebody’s vision 
— in this case, that of Mr Hans Wertz, once 
financial controller of the city of Aachen, 
who, when finance minister of Nordrhein- 
Westfalia in the early 1960s, appears to 
have wished on his native city and on the 
university (the Rheinisch-Westfalische 
Technische Hochschule) which the Land 
“owned” there, the promise of a building 
in which physicians could make their 
dreams come true, together with an 
accompanying blank cheque. 

Although RWTH, as it likes still to be 
known (see page 275), now seeks to 
distance itself from the huge cost of the 
Klinikum, at the outset it was a willing 
accomplice. 

This distinguished institution, best 
known for its contributions to the health 
and wealth of the West German machine- 
tool industry, acquired a medical faculty 
only in 1965, three years before the notion 


inside Aachen’s great 
Klinikum — but will the 
patients come? 





of the Klinikum was hatched. Even acad- 
emics would have known that most other 
universities with medical schools could 
largely finance them from the payments 
made by the insurance companies with 
which West German workers are compul- 
sorily insured, 

During the past fifteen years of con- 
struction, the dream has faded in several 
ways. 

@The hope that the Aachen Klinikum 
could become a truly European hospital, 
drawing patients from Belgium and the 
Netherlands as well as West Germany, has 
been frustrated because insurance 
companies’ payments are no more trans- 
plantable now than in the 1960s (and 
because the Dutch have closed their border 
since terrorism became rife). 

©The discovery that the infective 
organisms of legionnaires’ disease flourish 
in the humidifiers of air-conditioning 
plants has made it necessary to modify the 
design of the large single plant. 

@ There was a successful prosecution in 
1976 of a suit in the West German courts by 
complainants holding that work-people 
should not be required to spend more than 
four hours a day in rooms without 
windows. The result has been a three-year 
delay while the architects, Weber, Brand 
and Partners of Aachen, arranged that the 
internal partitions between the 6,600 
rooms of the largest of all man-made 
caverns should be replaced by glass (which 
has, in turn, often been covered by 
venetian blinds). 

@The main contractor for the Klinikum, 
the non-profit organization Neue Heimat 
Städtebau, set up as a cooperative of labour 
unions in the construction industry, has 
been involved in a generalized upheaval so 
widespread it may yet turn out to be the 
biggest socio-political scandal in the short 
history of West Germany. (The 
investigating commission has not yet 
reported.) 

The result is that the Klinikum, 
surrounded by between 5 and 10 square 
kilometres of still-empty car park, remains 
unused. But the building is already being 
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used for teaching physiotherapists and it is 
hoped that 80 third-year dental students 
will arrive in October. 

Academics on the Nordrhein-Westfalia 


payroll half snigger when asked ‘‘Why did 


E let this happen?’* “Nothing to do with 
*, they say, “and anyway the Klinikum at 
Manse also cost a packet’’. But responsi- 
bility does not all lie in Dusseldorf. The 
university senate was willing enough to 
take over the city Klinik, offering to turn it 
into a medical school, The architects at 
Aachen were given not merely an oppor- 
tunity to build a latter-day cathedral but a 
chance to try out a theory — the belief that 
construction and planning could proceed 
simultaneously. 
Some of the immediate consequences are 
absurd. The new medical faculty is having 
to teach in the old Klinik, now hopelessly 


run down. And as: the day approaches 


when the hospital may have real patients, 
perhaps in 1983, the university is alarmed 
that the Klinikum’s history (and appear- 
ance) will frighten off the patients from 
whose health insurance policies the 
operating cost must come. 

The Klinikum is thus a monument to the 
economic optimism of the 1960s. Of the 
three medical centres then planned by the 
government of Nordrhein-Westfalia for its 
bemused and then fast-growing university 
system, that at Munster has been com- 
pleted and that at Essen abandoned. And 
nobody knows whether West Germany 
needs all the physicians now being trained, 
some 5,000 a year. E] 


Centres of excellence 
THE Max Planck Society (Max-Planck 
Gesellschaft zur Förderung der 
Wissenschaften) is internationally the 
best-known of all West German research 
organizations. Everybody knows 
somebody working at one of the 49 
institutes scattered through the country. 
And that is one of the most frequent 
complaints about the society: if anything, 
the ‘‘Max Planck” is too successful, 
providing scientists with opportunities 
for research far better than those at the 
universities, for example. 

But this is inevitable, given the 
constitution of the society . Historically, 
it is the post-war replacement for the 
Kaiser Wilhelm Gesellschaft, the organiz- 
ation established in 1911 whose Berlin 
institute provided Einstein with a base in 
the 1920s. The underlying objective is 
frankly elitist — to provide distinguished 
researchers with resources sufficient to 

| support a group of younger colleagues, 
| and to provide all concerned with the 
security and the equipment necessary for 
high-quality research. 

On many occasions the Max Planck 

j institutes have amply justified their 
founders’ faith. The institute of bio- 
physical chemistry at Göttingen for 

| example, is where Professor Manfred 

Eigen’s use of pulsed lasers pointed the 

| way to novel techniques for following fast 
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Where the power lies 


Ir there is a power centre in the federal 
government, with sway over the conduct of 
science, it must surely be the BMFT. It has 
a bigger budget than the education 
ministry, a more personable minister (Dr 
Andreas von Bülow) and a cleaner brief: 
spend money and make things happen. 
BMFT also finances the Max Planck 
Gesellschaft (see below), the most power- 
ful but the most contentious basic research 
enterprise in West Germany. The trouble, 
unfortunately, is that not even the BMFT is 
as free as it likes to think. 

Part of the problem is that the ministry is 
a tiny organization (and nine of that small 
number of posts were abolished when last 
autumn’s draft budget was revised in 
February this year). Taxpayers paying 
taxes outside West Germany would be 
alarmed at the prospect of entrusting such 
small groups of people with such large 
sums of money. They would also be 
surprised to learn how civil (in the sense of 
being open) civil servants become when 
saddled with the responsibility. 

Another part of the problem of telling 
where the power lies is how that power is 
distributed. The Länder governments have 
a lot of it. So too do the committees that 
have been given some kind of 
constitutional blessing by means of formal 
agreements between the federal and the 
Lander governments. Although the 
influence of the Wissenschaftsrat has 


chemical reactions {and won a Nobel 
prize). 

Flexibility is plain. The Göttingen 
institute has grown to the point at which 
there are nearly 400 people, many of them 
visitors from overseas, while the research 
programme has diversified enormously. 
This illustrates the Max-Planck conten- 
tion that once an institute has been estab- 
lished, those in charge are within reason 
free to follow their changing interests. 

Elsewhere, new institutes seem to 
spring up by mitosis. Thus the clutch of 
physics institutes at Garching, near 
Munich, can be traced back to the unique 
arrangement by which Professor Werner 
Heisenberg’s Institute of Physics was 
financed in the years immediately after 
the war. By a succession of fissions, there 
are now for practical purposes five 
descendent institutes, one of them the 
huge plasma physics institute (see page 
271) and the others concerned with 
physics, astrophysics, extra-terrestrial 
physics (see page 274) and quantum 
optics. 

The Max-Planck Gesellschaft claims 
also to be vigilant in bringing institutes to 
an end when they have outlived their 
usefulness. Again (as with DFG) there isa 
system of formal invigilation every two or 
three years, with scientists from 
elsewhere included among the visiting 
party. But the list of casualties among 


declined since 1968, its formal 
recommendations must still be considered. 

People also matter. West Germany being 
the place it is, a speech by some 
establishment figure, say the president of 
the DFG or of the Max Pianck Society, will 
carry a great deal of weight. West 
Germany's preoccupation with the quality 
of research stems from a public speech by 
distinguished people who have left the 
public service and then made their 
misgivings public. 

SO science policy is determined in West 
Germany much as elsewhere, by accretion. 
The civil servants will defend the existing 
budget, but will leap at whatever oppor- 
tunities for innovative expenditure are 
approved of by the councils of wise men. 

Thus the BMFT is the sponsor of West 
German interests in space, energy, infor- 
mation technology, marine and polar 
research, while through its sponsorship of 
the national laboratories (see page 279) it is 
also directly responsible for much funda- 
mental research, especially in particle and 
plasma physics. From one year to the next, 
it is possible to add or subtract relatively 
small amounts from these large pro- 
grammes — this year, for example, an extra 
DM12 million for biotechnology (a 28 per 
cent increase) and an extra DM40 million. 
for information technology (a 42 per cent 
increase on last year). More radical changes 
would be difficult. E 


institutes is not long — five have 
disappeared since 1948, while the thriving 
coal research institute at Mülheim (in the 
Ruhr) has become virtually self-financing 
by means of contract research. 

While some Max Planck institutes are 
from time to time riven by internal dis- 
putes deriving from the way in which the 
direction of the larger institutes is the 
collective responsibility of senior people 
— the radioastronomy institute at Bonn 
seems to have been unlucky in this respect 
— the most obvious danger is that a group 
of people who age together will become 
less sparkling than at the outset of their 
enterprise. Proof is necessarily hard to 
come by, although Dr Dieter Raft, 
general secretary of the Max-Planck 
Gesellschaft, acknowledges that ‘‘we are 
not satisfied”. 

Most complaints against the institutes, 
however, are concerned not with the 
quality of the work but with the effects of 
the institutes on other research organ- 
izations. By offering security and free- 
dom from teaching to talented younger 
scientists, does the system unfairly 
deprive the university system of talent? 
And should not the institutes be more 
closely integrated with their local univer- 
sities? In reality some Max Planck 
institutes are closely integrated with 
universities, others are unnecessarily | 
separate (see page 274). 
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Money to spend 


‘By any criterion, West Germany spends 
more on research and development than 
any other state in Western Europe. But 
the question keeps cropping up, ‘‘Are 
we getting value for money?” 

Telling who pays how much for what, 
however, is complicated by the division 
of financial responsibility between the 
Länder and federal governments. The 
Länder governments are wholly 
responsibie for the direct support of 
university research through recurrent 
budgets, contribute 50 per cent to the 
costs of DFG and some Max Planck 
institutes but only 10 per cent to the cost 
of large research establishments. 
Industry, of course, is separate. 

In 1981, the total spending on 
research and development is estimated 
to have been just over DM41,500 
million, something like DM750 per 
head of the population. The absolute 
amount is greater than that spent on 
research and development elsewhere in 
Europe. Per capita spending is close ‘on 
twice the annual spending on research 
and development in Britain and, with 
the exclusion of defence research, more 
than is spent by government and 
industry in the United States. 

Industrially financed research, 
mostly in industrial laboratories, 
accounted last year for more than half 
the total — DM22,490 million. Some 
officials suspect that this figure may be 
inflated. Government support for 
industrial research is estimated at more 
than DM5,000 million, mostly from the 
federal government, 

There is similar doubt about the 
contribution of the Länder govern- 
ments to research in universities, this was 
estimated last year to be DM5,380 
million, but this is to some extent to 
be based on notional divisions of university 
expenses between teaching and research. 

Among the government sources of 
finance, the federal ministry of research 
and technology (Bundesministerium 
fir Forschung und Technologie, or 
BMFT) is dominant. This year (1982) 
the ministry had DM6,578 million to 
spend, apparently a real increase over 
the last year’s DM6,073 million. But 
this year’s total includes DM280 million 
for special programmes of research 
support in microelectronics, iron and 
steel and optical communications 
technology. Thus the funds available 
for continuing last year’s programmes 
will increase less quickly than inflation. 

BMET is the source of support for 
most high technology in West 
Germany. Nuclear energy remains the 
biggest drain on the budget, with space 
activities and information technology 
of growing importance. More signifi- 
cantly, the technology ministry is the 
channel for the federal government’s 
support of the Max Planck Society. 
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Centre of confusion 


ARGUMENT about the future of the West 
German Cancer Research Centre at 
Heidelberg continues. The next landmark 
in the laboratory’s turbulent contemporary 
history will be the special meeting of the 
governing body (the Kuratorium) arranged 
for 21 June, when the staff of the 
laboratory plans to reply to the criticisms 
of the report by the investigating 
commission under Sir Michael Stoker, 
published at the end of March (see Nature 8 
April, p.481). 

Professor Otto Westphal, previously 
director fo the Max-Planck Institute for 
Immunobiology at Freiburg, and director 
of the Krebsforschungszentrum since 
March this year, nevertheless hopes senior 
members of the staff will keep a pact he has 
made with them that there will be no public 
discussion of events of the past few years 
until after the Kuratorium meeting. 

He does, however, say that the Stoker 
report was in some ways superficial, and 
too dismissive of the political nature of the 
problems that have plagued the centre. 
Referring to the resignation of his pre- 
decessor, Dr Hans Neurath, last summer, 
he says that it is now plain that there were 
faults on both sides — Neurath looked for 
too much change too soon, but was not ad- 
equately backed by government officials. 

The cancer research centre has willynilly 
been caught up with politics because both 
the federal and the Länder governments 
have looked to it for advice on questions 
raised in the Bundestag and elsewhere on 
the incidence of cancer in West Germany. 
In the absence of formal channels for these 
consultations, differences of scientific 
opinion at the laboratory have been 
magnified into political differences — a 
circumstance further complicated by the 
election of a Christian Democrat govern- 
ment in Baden Wiirtemburg. 

Westphal says that the effectiveness of 
the cancer research centre has hitherto also 
been impaired by a poor working relation- 
ship with the university clinic, part of 
which is in the next concrete and glass 
block. He says that there is already a more 
constructive relationship between the two 
establishments, partly because of the open- 
ness of some of those recently appointed to 
the university’s medical faculty. 

On the centre’s role in medical research, 
Westphal says that West Germany is surely 
big enough to support a centre able to 
understand and acquire skills in new 
methods of treating various forms of 
cancer elsewhere in the world. Thus, he 
says, the complaint that the laboratory is 
not a centre of excelience across the board 
does not mean that it should be scrapped. 
In any case, its recent record is far from 
discreditable, particularly the work on new 
chemotherapeutic schedules and methods 
of analysis for the detection of small doses 
of carcinogens. 

Perhaps the laboratory’s most valid 
boast is the use of advanced image pro- 


cessing techniques for the accurate three- 
dimensional mapping of tumours (using 
some form of tomography), followed by 
the design of radiation sources (based ona 
specific implant of radioisotopes) which 
are optimized to destroy, say, a brain 
tumour but not surrounding tissue. The. 
centre has the resources to deal with three 
such cases a week but depends on 
Heidelberg’s neurosurgeons for implan- 
tation. 

The somewhat down-to-earth character 
of those achievements is entirely consistent 
with the original concept of the institute by 
Professor K.H. Bauer, himself a 
Heidelberg surgeon and a personal friend 
of the first West German Chancellor, 
Konrad Adenauer. The hope in the 1950s 
was that applied research could help with 
the treatment of cancer. At first con- 
stituted as a foundation (Stiftung), the 
Krebsforschungszentrum became one of 
the research centres supported by the 
Ministry of Research and Technology as 
recently as 1976. 

The centre’s immediate difficulty is 
shared with the other major research 
centres dependent on the federal 
government — staff has to be cut across the 
board by 7.5 per cent in the next five years. 
If it is eventually decided that the pattern of 
the centre’s work should be radically 
changed, the specificity with which the pro- 
posed cuts have been defined (so many 
scientific posts, so many cleaners) and the 
fact that half of the centre’s original 
research groups are still in being will be a 
hindrance. 

Westphal’s own future is unclear. He 
relishes having brought a measure of calm 
to the laboratory at which, only a few 
months ago, one institute director 
(division head) told his boss at a com- 
mittee meeting that he would fight 
him until one or the other went. (In 
the end, both went, the subordinate 
after an incriminating letter had been 
posted to Heidelberg in the wrong 
envelope.) It is a fair guess that Westphal 
will be looking for a measure of in- 
dependence and an assurance of govern- 
ment support. 

For the federal government, the problem 
is more serious. The Krebsforschungs- 
zentrum fits awkwardly in the clutch of 
major research laboratories financed 
principally by the Ministry of Research and 
Technology. (Its closest relative is the bio- 
technology laboratory at Braunschweig, 
west of Hannover.) In reality, however, the 
existing federal grant-making agencies are 
conspicuously unsuccessful at supporting 
clinical research — some say because 
physicians are so busy making money. 
With an election two years or less away, will 
the federal government have the stomach 
for the long process of consultation, with 
the Länder and everybody else in sight, that 
might eventually lead to an effective 
medical research organization? O 
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Particle physics goes ahead 


BEFORE the Second World War, German 
electron physics and technology was 
already strong. And despite the flight of 
physicists from the Nazis, it remained 
strong afterwards, partly through the 
influence of the ‘‘father of quantum 
mechanics’? Werner Heisenberg and his 
colleague Heinz Maier-Leibnitz. The 
tradition has been maintained in one place 
in particular: the Deutsches Elektronen- 
Synchrotron in Hamburg. 

DESY, as it is called, has become the 
only national high-energy physics 
laboratory in Europe which is 
unquestionably of world class. So much so, 
that a couple of years ago there was 
a distinct possibility that DESY would 
upstage CERN, the big joint European 
high energy laboratory near Geneva, and 
go ahead independently to build the next 
big machine for Europe (the 27-km 
circumference large electron—positron 
collider, LEP). 

How has DESY managed to become so 
strong? The laboratory owes much to the 
canniness of DESY directors in raising 
money within Germany; and also to good, 


cost-cutting design of accelerators, rather. 


in the legendary style of Fermilab’s Bob 
Wilson in America. It is not exactly the 


spirit of Göttingen again: more like. 


German technology and 
management. Also it has been luck. DESY 
is an electron laboratory, and electron 
physics has come to the front of the stage, 
as the electron is now seen to be 
elementary, in contrast to the other 
commonly accelerated particle, the 
proton, which contains three quarks. 
DESY got into the excitement of charm, 
and the Land of Hamburg (which con- 
tributes 10 per cent of DESY’s budget) and 
the federal government in Bonn now look 
on the place as a little German jewel. The 
previous director, Professor Herwig 
Schopper, whose political lobbying in 
Bonn and Hamburg was so effective, is 
now director-general of CERN, but his 
successor, Professor Volker Soergel, 
although a more private and very different 
man, has taken over all of Schopper’s 
tactics — in particular, internationalism. 
Soergel has attracted the largest 
American high energy physics experiment 
ever to be undertaken in Europe: $4 million 
of equipment and 30 American physicists 
will stay at DESY for upwards of three 
years to make a thorough investigation of 
the interactions of the bottom quark (the 
one that came after charm). According to 
Elliot Bloom, the Stanford University 
spokesman of the group, there is 


More neutrons may cost too much 


Is neutron scattering ‘‘Big Science’’? It is 
at a price of DM850 million (about £220 
million), which is the current tag on a 
spallation neutron source (SNS) being 
proposed in West Germany. The idea is 
to produce a high flux of neutrons, 
particles which can be used rather like 
X-rays to analyse the structure and 
dynamics of many kinds of material, by 
bombarding a target of uranium with a 
pulsed beam of protons. Broadly 
speaking, fluxes much greater than those 
currently available with ‘‘high flux” 
nuclear reactors can be created in that 
way, so spallation neutron sources are 
now seen as the second generation 
sources in the field, just as synchrotrons 
have replaced X-ray tubes in X-ray work. 

However, spallation sources are not 
cheap. Only HERA, the electron—proton 
collider planned by the national high 
energy physics laboratory DESY (see 
above), comes close to the SNS in price 
among major capital projects currently 
before the ministry of research, and even 
that is cheaper. But the SNS would 
provide for a much larger community of 
scientists than HERA, and it could be 
built in two half-price stages. Which to 
buy, HERA or the SNS? Or is there 
money for both? The decision is due 
sometime next year. 

For the moment, the two interested 
communities are playing a kind of poker 


TEs 


game. The minister for research and tech- 
nology, Dr Andreas von Bülow, has asked 
them to assume that the government 
would fund both projects, but to stretch 
the construction schedules of their 
machines so that the net annual cost 
would not be too high. However, von 
Bülow has omitted to say what “too 
high’’ would be; so the communities are 
now competing both against each other 
and against an uncertain ceiling to pare 
their costs to the minimum. Nevertheless 
there is some hope that a recent 
government commitment to make a 
major investment in the economy in the 
middle of next year (at the expense of 
increased borrowing) may see money 
being spent on both projects, if only to 
help the construction industry. This was 
just how DESY first got the money to 
build PETRA (see above) some years 
ago. 

The only firm decision so far is that the 
SNS, if funded, will be built at the Jülich 
nuclear centre near Cologne, where 
Professor Hans-Heinrich Stiller is the 
project leader. (Karlsruhe, an early 
competitor for the site, has been 
eliminated.) 

The SNS would be bigger (and come on 
line considerably later) than the only 
other similar machine in the world, the 
British SNS under construction at the 
Rutherford laboratory — which will first 
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“tremendous support’ at DESY. Bloom 
hopes to match and perhaps outgun the 
only equivalent “bottom” investigation in 
the world, at the CESR facility at Cornell 
University, New York. 

Bloom will use as the collider DORIS, 
the electron—positron collider that first put 
DESY on the map during the charm era of 
1974-76; but now it has been completely 
rebuilt, and should do for the higher mass 
of “bottom quark’’ what the old DORIS 
(and the Stanford machine SPEAR) did for 
charm. 





Superconductivity success af DESY — an 
accelerator cavity which works on a storage ring. 


The other big machine at DESY is 
PETRA, which shares with PEP at 
Stanford the accolade of being the highest 
energy electron—positron collider in the 
world. However, both PEP and PETRA 


become operational in 1984. The German 
SNS would not be likely to be ready 
before 1991, even if it got early approval; 
but then it would produce more than 
three times-as many neutrons (peak flux) 
as the Rutherford SNS in the first stage, 
or 25 times as many in the second stage. 
The corresponding figures for mean 
intensity are 25 times and 200 times the 
British SNS — an indication of how 
sophisticated and complex the German 
technology would have to be. 

On both the British and the German 
sides the open question is how much 
collaboration can be established on the 
two projects. Money for the British SNS 
is agreed, but alot more cash is needed for 
the complex instrumentation (spectro- 
meters and so on) which must accompany 
a neutron source if it is to be a success. (A 
major reason for the pre-eminence of the 
high-flux reactor, the Institut Laue- 
Langevin at Grenoble, in this field can be 
traced back to an early and effective 
emphasis on instrumentation for the 
institute.) So Britain would be happy if 
Germany could contribute a few instru- 
ments to the SNS. Then, perhaps, if the 
British economy had improved, there 
might be some British support for the 
German machine in the 1990s. Very pre- 
liminary discussions are already under 
way on such matters. But a likely fate for 
the large-scale German SNS might be that 
it will not be built at all, unless much 
wider international collaboration can be 
set up to support it. Robert Walgate 
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A molecular sieve {see articie on GSI, right). 





have suffered a trick of physics: the energy 
region has proved so far to be relatively 
barren of spectacular results. Nevertheless, 
PETRA has found evidence for gluons (the 
photons of the interquark force), and has 
more recently demonstrated ‘‘inter- 
ference” between the electromagnetic and 
weak interactions — which indicates the 
existence of the neutral intermediate vector 
boson, the present holy grail of particle 
physics. wie 
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cavity has some unique: features, and could 
be produced industrially, but so far it is too 
expensive: to equip PETRA fully with the 
devices would cost DM50 million, DESY 
staff estimate, for a present electricity bill 
saving of DM2-3 million a year. 
Nevertheless, savings at LEP would be 
much greater, and it is clear the design is 
approaching being practical. 

DESY is again looking abroad to raise 
the finance for HERA, DESY’s big 
(DM600-million} project for the 1990s. 
(HERA would collide 30 GeV electrons 
with 820 GeV protons, to probe the lepton- 
quark interactions. It would use super- 
conducting bending magnets. If for some 
reason LEP failed, it could be converted to 
create the intermediate vector boson.) A 
DESY spokesman said recently that 
negotiations are already well-advanced if 
not with governments, with laboratory 
directors elsewhere, with hope of raising 
around DM200 million of the cost of 
HERA abroad. Hamburg has already 
committed itself to its 10 per cent (DM60 
million) which would then leave Bonn with 
only DM340 million to find — cheaper 
than the first stage of the spallation 
neutron source with which HERA might be 
in competition for Bonn resources (see 
opposite). Robert Walgate 


An element of risk 


THE Gesellschaft für Schwerionenfor- 
schung (GSI) at Darmstadt (south of 
Frankfurt) is riding high. It has one 
brilliant feather in its cap — the artificial 
production of element 107, the heaviest so 
far. And its director, Professor Gisbert zu 
Putlitz, has ambitious plans for bigger and 
better experimental equipment. 

GSI, the only dedicated heavy-ion 
laboratory in Europe, lives by its 
equipment for accelerating heavy ions — 
even uranium ions — in several stages. At 
the end of last month, the laboratory 
inaugurated an extension to its UNILAC 
accelerator that will double the maximum 
energy of the ion beams produced to 20 
MeV per nucleon. But zu Putlitz is already 
looking beyond that target. 

Element 107, represented by the isotope 
with 155 neutrons, was made at GSI last 
year by the collision of accelerated 
chromium-54 with a target of bismuth-209, 
As with all experiments of this kind, the 
chief difficulty is to demonstrate that the 
intended element has indeed been pro- 
duced. The team at GSI used a novel 
arrangement of electric and magnetic fields 
to demonstrate their few nuclei of element 


.107 and thus to break the near-monopoly 


on the creation of heavy elements which the 
Lawrence Radiation Laboratory in the 
United States has enjoyed in the past few 
years. 

More intriguing, however, is the 
demonstration of a novel form of 
radioactive decay — the emission of 


protons rather than electrons from nuclei 


that are deficient in neutrons. By the 
collision of a beam of nickel-58 ions witha 


target of ruthenium-96 for example, it has 


been possible to synthesize the isotope 
lutetium-151 which has 24 neutrons fewer 
than the stable isotope of the element. (The 
isotope thulium-147 is also subject to 


proton decay.) Plainly this novel form of 
nuclear instability has been a great fillip to 
nuclear physics — and not merely in West 
Germany. 

The laboratory says, however, that it is 
not merely a nuclear physics establishment 
but a practical place. By way of evidence, it 
cites the use of molecular beams for 
producing molecular sieves. What better 
than a beam of heavy ions to punch holes of 
molecular dimensions in a synthetic 
membrane? So filters are being made for 
instruments that measure particulates in air 
and models constructed for studying the 
permeability of biological membranes. 

So what of the future? Professor zu 
Putlitz clearly regards the present energies 
at which heavy ions can be produced as 
only a modest beginning. Ultimately, there 
will be a need for ions with energies of 500 
MeV per nucleon or even 10 GeV per 
nucleon. Such energies cannot be achieved 
with a linear accelerator of reasonable cost 
and size, and GSI has therefore proposed 
to build two interlinked synchrotrons, 
presently called SIS 12 and SIS 100. The 
smaller one, SIS 12, would use UNILAC as 
an injector and would accelerate ions to 
about 1 GeV per nucleon. The next 
synchrotron (SIS 100) would take over 
from there and further accelerate the 
beams to the maximum energy of about 
10 GeV per nucleon. 

Enough land is available for both 
machines. The cost, just under DM90 
million for SIS 12 and just over DM 150 
million for SIS 100, is the stumbling block. 
But SIS is high on the government’s list of 
major projects; zu Putlitz is optimistic. 
Indeed, if funds are short, he would prefer 
to start by building SIS 100. Time alone will 
tell whether he will be abie to follow this 
more imaginative but no doubt risky 
approach. Konrad Guettler 


Research without responsibility 


PROFESSOR Klaus Pinkau, director of the 
Max Planck Institute for Plasma Physics at 
Garching-near-Munich, is a square-jawed 
square-built man with a shock of grey hair 
and a ruddy complexion who exudes 
enthusiasm. He thinks he knows something 
of what is wrong with the state of science in 
West Germany. 

First, he says, people are needlessly 
depressed by what is in effect an illusion, 
what he calls the ‘‘echo-effect’’ 
Everybody must accept that the United 
States is now the chief source of scientific 
discovery, and American scientific 
journals the chief medium for the 
announcement of new developments. 
Inevitably, however, this implies that 
papers by West German scientists are 
referred to less frequently, and less 


fulsomely, than their merit would demand. 
Worse still, there is a tendency for science 
journalists and even scientists themselves 
to take note of some development in West 
Germany only if it is first applauded, or 
approved of, in the United States. 

In reality, Europe (and West Germany) 
has more to boast about than anybody 
acknowledges. Has not the COS B gamma- 
ray satellite (switched off last month after 
seven years of operation) been a unique 
and successful demonstration not merely 
of the technique but of the capacity to 
formulate an adventurous project? 

So what else is good in West Germany? 
Pinkau echoes the common response by 
referring, first of all, to ‘‘Eigen’s group in 
Göttingen’. But his main impression is 
that West Germany has done best in those 
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fields in which there were enough people 
still active after the Second World War to 
provide a nucleus of active research. 
Perhaps nuclear physics, especially the 
work with heavy ions at Darmstadt (see 
page 271), is representative of the best. 






Professor Klaus Pinkau: “We do second-rate 


research rather well’. 

Like others, Pinkau thinks that bureauc- 
racy has had a baleful influence. Why 
should it have been left to a committee of 
the Bundestag to decide, last December, 
which six posts at his laboratory should be 
abolished? But the irritation caused by 
such happenings is less important than the 
way in which the bureaucracy’s existence 
undermines the sense of responsibility that 
professional scientists should enjoy. If 
everybody knows that, in the last resort, 
distant committees of officials will make 
the most detailed decisions, how can 
working scientists shoulder the res- 
ponsibility implicit in their promises? 

Pinkau shares the common concern 
about the reform of the universities, but in 
a novel way. The problem is that the 
universities have also lost their sense of 
responsibility. He agrees with the opinion 
that ‘‘we do second-rate research rather 
well’. He is doing what he can, personally 
and by encouraging his colleagues to follow 
his example, by teaching regularly at the 
technical university at Munich. 

The lack of responsibility — the freedom 
to act independently — is here again 
Pinkau’s main worry. ‘‘The government’, 
he says, ‘‘must realize that by restricting 
the independence of scientists, they are 
killing science’. He acknowledges that the 
Max Planck Society has an enviable 
reputation for not being bureaucratic, 
although his own institute is in the 
significantly different position of being 
financed directly from Bonn. 

But even with this proviso, Pinkau 
answers a firm ‘‘yes’’ to the question 
“Should the Max Planck institutes 
be merged with their neighbouring 
universities?’’. That would be good 
for research, but in any case there 
is too much tension between univer- 
sity and Max Planck scientists for 
comfort. = 
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Science in West Germany 


IN 1978 the European decision to build the 
Joint European Torus (JET) at Culham in 
the United Kingdom rather than at 
Garching in West Germany seemed a blow 
to the German plasma physics community. 
For JET is the principal experimental 
facility in the Euratom plasma physics 
programme, and for when national 
programmes have to compete for funds 
with collaborative international 
experiments whose funds are necessarily 
committed in advance, there is always a 
danger that they will be squeezed. 

The main plasma physics research labo- 
ratory in West Germany, the Max-Planck- 
Institut für Plasmaphysik (IPP) at 
Garching near Munich nonetheless con- 
tinues to run a thriving national pro- 
gramme. But the generally less favourable 


The biggest tokamak in Europe — ASDEX at Munich 


xis. 
tte 


Julich’s jewel 


‘*CoME and see our jewel’’, said the man 
behind the wheel, pulling up outside a 
hanger. The jewel in question is the 
fusion experiment called TEXTOR, a 
machine recognizable as what it is from 
its toroidal shape but with the advantage 
that it can be separated into two 
halves so that the interior can be rebuilt. 

TEXTOR, partly financed by the 
European Community as part of the joint 
programme of thermonuclear 
experiments, has so far cost DM110 
million, with close on DM50 million still 
to go. With its discreet constructor’s 
label, Krupp, the machine is as nicely 
engineered as it could be. 

The torus is intended for the study of 
problems that may crop up in thermo- 
nuclear reactors thirty years from now. It 
is a small tokamak designed to examine 
the interaction between a hot plasma and 
the containing walls, the behaviour of 
wall materials under neutron irradiation 
and the processing of tritium, the 





Nature Vol. 297 27 May 1982 


keteman anaana paana ere Te] 


New ways with fusio 


economice climate of the past few years has 
taken its toll; an initial multitude of 
experiments has gradually been reduced to 
two main lines of research. One of these is 
centred around ASDEX, the biggest 
tokamak machine in Europe, which was 
commissioned in 1980 and has already 
yielded important scientific results, 

What excites the people at Garching 
about ASDEX are the diverter coils which 
produce a magnetic field allowing for 
control of the level of plasma impurities. 
The stability and lifetime of any contained 
plasma is severely limited by the impurities 
introduced through interactions between 
the plasma and the wall of the container. 
The diverter chambers of ASDEX 
significantly reduce the level of metallic 
impurities and lighter species such as 


necessarily radioactive component of 
likely thermonuclear fuel. Everybody is 
delighted with the way it works. 

For a nuclear research centre such as 
the Kernforschungsanlage Jülich, set up 
in 1956 by the government of Nordrhein- 
Westfalen but since 1970 supported to the 
tune of 90 per cent by the federal govern- 
ment, a long-term project such as this 
must be a comfort. 

The establishment is best known for its 
development of a high-temperature 
reactor, an experimental version of which 
went into operation in 1967, producing 46 
MW of heat. The prototype of that design 
being built at Hamm-Uentrop nearby will 
function only in 1985 (seven years 
late), producing 300 MW of electricity. 

The technical problems are those of 
making reactor components that will 
operate reliably at 950°C for years on 
end, but the costs are also high. So Julich 
is pushing hard a scheme for long- 
distance energy transmission in which 
fast reactors would convert methane (and 
water) into hydrogen and carbon dioxide 
for reconversion at some distant point. 


© 1982 Macmillan Journals Ltd 


Nature Vol. 297 27 May 1982 


oxygen. The mechanical devices used 
elsewhere in tokamak machines are said 
to be comparatively ineffective. 

The second objective of ASDEX is to 
study the properties of plasmas heated by 
beams of neutral atoms. The original 
neutral beam injectors are being upgraded 
to a total power of 2.5 MW which should 
lead to an increase in plasma temperature 
from 6 x 10®K to 2x 10’K. There are plans 
to use radio-frequency heating to increase 
plasma temperatures still further, and to 
use a deuterium pellet injection system to 
replenish the plasma particles removed by 
the diverters. 

The ASDEX device will remain the 
major focus of research for several years, 
but plans for an upgraded version are 
already being drawn up with support (in the 
design phase) from the European fusion 
programme. As well as being a bigger 
machine, the distinguishing feature of the 
version being planned is that the diverter 
coils will be external to the main toroidal 
field coils, an arrangement considered to 
be essential for a fusion reactor. 

Most of the research at ASDEX is of 
direct relevance to JET (also a tokamak 
machine) and the laboratory says that there 
are close links between the two 
establishments. But IPP has not put all its 
eggs into one basket; it continues its 
research into the physics of stellarator 
machines. In the present machine (called 
Wendelstein VII-A) the peculiar stellarator 
magnetic field configuration is achieved by 
a set of toroidal field coils surrounding the 
inner helical coils. But the laboratory is 
planning an Advanced Stellarator in which 
these two sets of coils would be replaced by 
one, each of them with a somewhat 
different twisted geometry. The result is 
expected to be improved plasma stability at 
a higher plasma pressure. The design phase 
has begun and the new machine could be 
working as soon as 1985. 

Although the Garching institute is 


technically part of the Max-Planck- 
Gesellschaft, its size and large annual 


(running) budget of DM110 million made it 
a natural candidate for membership of the 
association of the large science centres, 
AGF. The institute’s finances are outside 
the usual Max Planck pattern — a quarter 
of the budget is derived from Euratom, 
with the remainder split 90:10 between the 
federal government and the Land of 
Bavaria. 

Not surprisingly, other Max Planck 
institutes are uneasy at the presence of such 
a cuckoo in their nest. Fusion research is, 
however, one of the few European 
programmes that really work, and it is 
difficult to imagine how such a successful 
research centre could be effective on a 
much smaller scale. Nevertheless, as the 
size of fusion reactor experiments becomes 
even larger in the future, it is likely that one 
of the more applied research centres, such 
as the huge Kernforschungszentrum at 
Karlsruhe may take a bigger share of the 
development — its contribution to research 
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THERE are other means of inertial 
confinement fusion which have 
received considerable attention and 
funding elsewhere: laser fusion and 
heavy-ion beam fusion. The main 
difficulty with the former is the high 
power output required by the lasers and 
reliable operation with a high pulse 
repetition rate. Heavy-ion beam fusion 
research suffers from the handicap of 
requiring a very large initial investment 
in the ion beam accelerator. Some of the 
relevant ion beam studies are being 
carried out at the GSI accelerator (see 
below) near Darmstadt but with low 
priority. A high-power laser project 
group originally formed part of IPP at 
Garching but some time ago it was 


at Garching takes the form of techno- 
logical development of such items as the 
pellet injection system. 

Within the national German fusion 
programme, the Karlsruhe centre tends to 
be most active in magnetic field technology 
and materials study, but the centre is also 
involved in system design studies. In 
particular, it maintains a modest presence 
in two lines of fusion research: inertial 
confinement fusion using light ion beams 
and fusion by magnetic confinement in a 
tandem mirror machine. The light ion 
fusion studies involve a pulsed high-power 
ion generator, whereas the tandem mirror 
configuration is only at the system design 
stage. Earlier mirror experiments at 
Lawrence Livermore National Laboratory 
in California yielded promising results, yet 
the research at Karlsruhe seems to be the 
only investigation of its kind in Europe. 

Fusion research in West Germany seems 
thus to have retained an enviable diversity, 


An astrophysics 


WEST GERMAN astronomy and astro- 
physics are neatly parcelled up on 
wavelength lines: the Max-Planck-Institut 
fir Radioastronomie in Bonn (see next 
page) looks after the radio-wavelength part 
of the spectrum, the Max-Planck-Institut 
für Astronomie in Heidelberg looks after 
the optical region and the Max-Planck- 
Institut für Physik und Astrophysik (with 
its Institut fiir Extraterrestrische Physik) in 
Munich deals mainly with the short wave- 
length domains of UV, gamma-ray and 
X-ray astronomy. The Munich institute is 
the major West German institute involved 
in satellite-based. experiments and has an 
ambitious programme for the 1980s. 

The gamma-ray part of the package is 
perhaps the most distinctive. Balloon- 
borne telescopes are used for low energy 
studies, while the high-energy domain has 
been studied as part of a European 
collaboration using the COS-B satellite, 
shut down only in April this year after more 
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expanded and elevated to the status of 
the separate Max-Planck-Institut für 
Quantenoptik. Although still sharing a 
site with IPP at Garching, the research | 
emphasis of the new institute is divided | 
between laser fusion, laser spectroscopy 
and laser chemistry. Its fusion research 
is carried out with a high-power iodide 
laser and is aimed at understanding 
the fundamental aspects of energy 
transport within the compressed fusion 
pellet. The emphasis on some restricted 
topics of research appears to be 
deliberate, although some foreign 
concern seems to have been expressed 
about a much more expanded national 
laser programme. 

Konrad Guettler 


the commitment to JET notwithstanding. 
The machines now operating, at IPP and 
elsewhere, are producing a substantial 
harvest of data. And with funds secure for 
the initial upgrading of the major facilities, 
the institute has a viable programme for the 
1980s. Its involvement in the study groups 
for the Next European Torus (NET) and 
the international INTOR project should 
leave it well placed in any competition fora 
future international facility. 

Yet the time scale for break-even fusion 
power seems to be receding further and 
further; Klaus Pinkau, director of IPP, is 
quite frank in saying that two or three steps 
will be necessary after operating experience 
with JET, perhaps by the end of this 
decade. Each step seems to require ten 
years or so, so that it may not be known 
until the year 2020 whether fusion is 
technically and economically feasible. “PI 
be dead by then’’, he says. 

Konrad Guettler 


Star is rising 


than six years of operation. The users are 
delighted with the way this instrument has 
performed but also with its conception. “It 
shows’’, Professor Joachim Triimper, 
head of the institute, says, ‘‘that European 
scientists can still be the first with a good 
idea’’. 

Even so, the prospects for further 
research in the field now depend on plans 
for the Gamma-Ray Observatory (GRO) 
satellite of the US National Aeronautics 
and Space Administration (NASA) for 
which the insitute is helping to design one 
of the telescopes. Its other gamma-ray 
investigations centre mainly around 
the Solar Maximum Mission and the 
ISEE-3 satellites, which are specially 
equipped to study solar flares and gamma- 
ray bursts. 

The magnetosphere and the inter- 
planetary medium constitute the second 
major focus of the institute’s programme. 
The Earth’s magnetosphere is being 
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investigated with experiments aboard the 
European GEOS-2 satellite, and the 
interactions between the magnetosphere 
and the solar wind with the ISEE-1 and 
ISEE-2 satellites respectively. While the 
analysis of the data from these satellites will 
keep people busy for many years, what 
excites them most are the preparations for 
the next mission — a major joint project 
between NASA and European institutes 
called the Active Magnetospheric Particle 
Tracer Experiment (AMPTE). It consists 
of three major components. The Munich 
institute is building an lon Release Module, 
NASA is responsible for the Charge 
Composition Explorer satellite and the 
British Science and Engineering Research 
Council is contributing a subsatellite 
equipped for in situ plasma diagnostics. 
The release module will inject artificial 
plasma clouds into the solar wind and the 
tail of the magnetosphere, and the two 
other satellites will measure the inter- 
actions between the cloud and the ambient 
plasma. 

For the future, the X-ray astronomy 
group seems to have even more dazzling 
prospects. Apart from its own balloon 
experiments, the institute is a major 
participant in the EXOSAT satellite soon 
to be launched by the European Space 
Agency. But its most ambitious project 1s 
ROSAT, a large X-ray observatory 
designed for launch by the space shuttle in 
1986 or 1987. This instrument has been 
designed to have much better angular and 
spectral resolution than even the NASA 
Einstein Observatory which ceased func- 
tioning last year. 

Primarily a national project, this satellite 
should give West German scientists a 
commanding place in X-ray astronomy at 
the end of the decade. The initial 
observational programme is a sky survey 
for the first half-year after launch which 
should reveal many more X-ray sources, 
given that the satellite’s sensitivity is three 
times greater than that of the Einstein 
Observatory. This survey is to be followed 
by a one-year study of interesting sources. 
if all goes well, the satellite could even be 
retrieved after a couple of years by the 
space shuttle and refurbished. 

Although a national project, ROSAT 
will provide observation time for other 
astronomers. Negotiations are under way 
with NASA for a US instrumental con- 
tribution in exchange for time, while there 
is to be an extreme-UV telescope built by a 
consortium of British universities. 

So in the late 1980s the focus of attention 
in the field will shift from America to 
Europe. Repeated cuts in the US research 
budgets have put the competing Advanced 
X-ray Astronomy Facility further back, 
even though it has received the highest 
priority in the recent Field report (see 
Nature 8 April, p.482). And with no 
successors in sight for the UK Ariel satel- 
lites, ROSAT will be the only source of 
X-ray data for years to come. 

Konrad Guettler 
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Contrasts in Max 


MAX PLANCK INSTITUTES seem to come in 
all kinds of shapes and sizes. The largest 
and most costly of them is the institute for 
plasma physics at Garching, but the 
radioastronomy institute at Bonn is similar 
in that it owes its existence to equipment so 
expensive and distinctive that it cannot 
easily be the property of a single university 
department. The institute’s boast is a 
100-metre high-frequency radiotelescope. 

At the other end of the Max Planck 
spectrum is the newly created (1980) 
Institute of Mathematics, which is closely a 
part of the University of Bonn and which 
has the further distinctions that its 
personnel consist largely of visiting 
mathematics professors (with graduate 
students from the university) and that it is 
the first example so far of a Max Planck 
institute created from one of Deutsche 
Forschungsgemeinschaft’s special research 
programmes (Sondersforschungs- 
hereichen, see page 266). Although the 
institute will not become a charge on the 
Max-Planck-Gesellschaft until 1985, it 
already has a shiny new name-plate on its 
handsomely constructed building. 

Technically, the radioastronomy 
institute is inevitably the more spectacular. 
The 100-metre dish sits in a well-wooded 
valley at Effelsberg, 30 kilometres east of 
Bonn. It has been designed to operate at 
frequencies up to 50 GHz (a wavelength of 
6 mm) and beam width at 1.2 cm is 
reckoned to be 35 seconds of arc. 

The total cost of the dish (completed in 
1972) and the ancillary equipment was DM 
40 million, a substantial part of Max- 
Planck-Gesellschaft’s capital budget more 
than a decade ago. The staff (including a 
score or so of visitors) amounts to more 
than 180 people, of whom a third are 
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-Planck styles 
scientists. The institute is divided between 
an office in Bonn and the field station at 
Effelsberg, and includes a substantial 
technical effort at both places on the design 
and construction of detectors for use with 
the telescope. 

Operationally, the telescope has been an 
immense success, at least in part because of 
the cleverness with which the structure was 
designed. The objective is somehow to 
preserve the parabolic shape of the 
100-metre dish whatever the elevation. 
This has been accomplished in the Krupp- 
MAN built instrument at Effelsberg by 
attaching a huge counterweight by a 
network of struts to the back of the dish so 
that the dish can distort only into another 
parabola. The result is a dish that 1S 
substantially lighter than rigid 
construction would have required. 

The staff at the mathematics institute 
is by comparison inconspicuous. The 
director, Professor Friedrich Hirzebruch, 
says that he and his two senior colleagues 
from the mathematics department at Bonn 
remain on the university’s payroll, but that 
he is relieved of administrative duties (but 
not teaching) on account of the time spent 
at the institute. He thinks he may apply 
to Max-Planck-Gesellschaft for two 
permanent positions for mathematicians, 
but the bulk of the budget, roughly DM 2.5 
million a year, will still be used to support 
mathematicians visiting from elsewhere in 
West Germany and abroad. 

in Hirzebruch’s view, an institute of 
mathematics is necessarily a place for 
peripatetic people, Since his group was 
formed in 1969, he says that it has acquired 
an international reputation comparable 
with, say, those of the groups at the 
Princeton Institute of Advanced Study, the 





A map of radio-sky intensity af 408 MHz compiled at the Max Planck radioastronomy institute at Bonn 
from data gathered over a period of 15 years ai Bonn, Jodrell Bank and Parkes Australia}. Datu reduction 
was by means of a Cyber 172 computer at Bonn. Prominent patches along the mid-line of the sky are the 
focal arm complexes Cygnus X lefty and Vela X (right). 


eters nen Alene ean 





alee 





ritmi Araya fet Am 


masua RARE lt EA T 
Garena tat Anan ahal AEAN mean gee td A- roaraa AAN ANNANN naD AANG AAA AALALA E m AAA N ASAA EILD m AEA EAA RO a ORE I EN EM a 





Nature Vol. 297 27 May 1982 


Institut des Hautes Etudes near Paris and 
the University of Warwick as being places 
where mathematicians can work on 
interesting problems with interesting 
colleagues without having permanently to 
tear up their roots at the place whence they 
came. But Hirzebruch also sees his 
peripatetic working group as a direct 
benefit to the mathematicians at Bonn. 
The links between the institute of 
radioastronomy and the local university 
seem much less immediately productive. 
Professor Richard Wielebinski, the Polish- 
born Australian immigrant who is now one 
of the laboratory’s two directors {the 
executive director is Professor Peter G. 
Metzger) says. that the radioastronomy 
institute is, above all, a national research 
centre. A substantial part (more than 20 
per cent) of the 100-metre telescope’s time 
in the past two or three years has been 
used for coordinated interferometric 
observations in which radiotelescopes as 
far apart as California (Goldstone) in the 
West and the Soviet Union (Crimea) in the 
East have been used to produce the 
intensity of radio emission from distant 
objects such as the radio galaxy 3C298 
with a resolution of 0.5 seconds of arc. 
Long baseline operations such as these 
require long-term planning and the 
blocking-out in a somewhat arbitrary 
fashion of other opportunities for 
observation. Even so, the institute is 
planning to extend its international 
operations. The institute is the vehicle for 
the Max-Planck-Gesellschaft funds being 
channelled into’ the construction of a 
30-metre radiotelescope being built in 
Spain to operate'at frequencies of 80 GHz 
and above. This will be for a time, when 
tested in operation next year, the largest 
instrument of its kind in this region of the 
spectrum. The instrument will be used for 
observations of extragalactic carbon 
‘monoxide and continuum radio emission 
(the latter being one of Wielebinski’s 
particular interests). It is also intended that 
the Spanish instrument should be used in 
conjunction with an array of three 
15-metre dishes being built near Grenoble 


in France under a fifty-fifty agreement 


between Max-Planck-Gesellschaft and 
Centre National de la Recherche 
Scientifique, but that agreement has been 
made at headquarters level. 

Off its own bat (but with approval from 
Munich), the institute has madea fifty-fifty 
deal with the University of Arizona that 
will lead to the design and construction of a 
10-metre sub-millimetre telescope, to be 
built in Arizona. That agreement is to be 
signed in June this year. 

What these two institutes therefore have 
most conspicuously in common (from 
1985, in the case of the mathematics 
institute) is that the money comes from 
Munich. There is also a sense in which a 
direct comparison between them is unfair. 
One (the mathematics institute) is a device 
for channelling support for old-fashioned 
scholarship through a talented scholar toa 
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university which, even though founded in 
1818 in the aftermath of the Napoleonic 
wars, is distinguished in this and other 
fields. The other, the radioastronomy 
institute, is either a national research 
centre, intended to put West German 
radioastronomy on the map, Or a national 
research facility, to be used by whichever 
West German astronomer has a sensible 
idea as to how the equipment should be 
used. 

The trouble seems to be that this Max 
Planck institute pretends to be neither of 
those things but rather, in the Max Planck 
rhetoric, to be a free-living community of 
independent scholars which, nevertheless, 
by means of its senior people’s honorary 
professorships (at the local university), its 
downtown location so close to the 
Department of Astronomy at the 
University of Bonn that the two institu- 
tions can share a library and its willingness 
to take in graduate students from every- 
where, is intrinsically part of the university 
system. The irony is that the university’s 
department of astronomy seems likely 
to succeed in its application to Deutsche 
Forschungsgemeinschaft for the funds 
with which to build another radiotelescope 
at a different site. 

What follows is a strictly personal 
impression. First, the two institutes have 
distinctly different roles. The mathematics 
institute is not merely a source of 
scholarship but a way of enlivening 
mathematics at the University of Bonn, 
while the institute of radioastronomy, in 
spite of its links with university 
astronomers in West Germany and 
elsewhere, must be judged primarily by its 
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Effelsberg’s 100-m dish: productive but an ivory 
tower? 


own staffs output of research results. To 
some extent, of course, these differences 
are explained by the differences between 
the subjects — mathematicians are mobile, 
radioastronomers to some extent tied to 
their instruments. But there are other ways 
of organizing the use of large research 
facilities, with the American pattern of 
open access through user committees at 
one extreme and the British tendency to 
base radiotelescopes in university depart- 
ments at the other. More concessions at 
Effelsberg in one direction or the other 
could not fail to embed the use being made- 
of this splendid instrument more firmly in 
the scientific community’s consciousness. 


Making a business of research 


By what trick can a group of only four 
tenured academics run a department with 
400 students, 160 of them doctoral 
students, spend the best part of DM20 
million a year and yet keep the 
department’s well established reputation 
for being the best academic institution of 
its kind anywhere in the world? The depart- 
ment is the machine tool institute at 
Aachen, one of the fourteen specialized 
institutes in the mechanical engineering 
complex at the Rheinisch-Westfalische 
Technische Hochschule (RWTH). The 
trick is to run the department as if it were a 
business. 

The four tenured academics are 
university professors. Their formal duties 
are to lecture to the undergraduates, but 
each also has under his wing a small clutch 
of research groups, perhaps three or four. 
The research groups are run by senior 
engineers, hand-picked from among those 
gaining a doctorate in the department and 
employed as the need arises on short-term 
contracts. 

Of the total cost of the department, no 





less than eighty per cent comes from 
outside RWTH, principally from the 
federal government and its grant-making 
agencies. The brunt of the research work 
falls on the graduate students, paid out of 
project grants, but the department also 
makes a special point of engaging under- 
graduates part-time in its research work 
(and pays them for their trouble). Ten per 
cent of the successful diploma candidates 
are kept on for doctoral work, on which 
they spend between five and eight years 
(the average is about six). Once their dis- 
sertations are completed, they must find a 
job elsewhere. 

That step appears to present very little 
difficulty. Apart from the institute’s high 
reputation, the Laboratorium fiir Werk- 
zeugmaschinen und Betriebslehre prides 
itself on having the closest possible 
relations with companies in the metal- 
forming industries of West Germany, 
many of which play a crucial part in helping 
to define the department’s research 
programme. But the department will add a 
project to its portfolio (and apply to some. 
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Hard management and software 


THE machine tool institute’s reputa- 
tion stems directly from the single- 
mindedness of its founder, Professor 
Adolf Wallichs, who in 1906 seems to 
have taken fright at developments in pro- 
duction engineering in the United States 
and to have embarked on a research pro- 
gramme in a small cellar. One of his 
achievements was to persuade German 
industries to contribute to the cost of a 
building and the equipment to go with it 
at the height of the post-war inflation in 
1924. 

Wallichs was succeeded in 1938 by 
Professor Herwat Opitz, whose 37-year 
spell in office saw radical developments 
in, for example, the design of gear- 
cutting tools and, after the Second World 
War, the threefold growth of the 
institute. Since 1973, the management of 
the institute has been shared between the 
occupants of the three full university 
chairs (Lehrstuhien) among whom the 
chairmanship of the department rotates. 
(Metrology is for the time being the poor 
relation.) 

The research programme is now 
dominated by the application of com- 
puters to production processes. Thus the 
design section is up to its eyes in 


such organization as the Deutsche For- 
schungsgemeinschaft for funds) only if the 
outcome of its work can be published in the 
open literature. Consultancy on specific 
problems for industrial companies is only a 
modest part of the department’s work. 

This unique way of doing academic 
business has, in effect, made the institute 
both the research laboratory and the source 
of skilled engineers for much of an 
important sector of West German 
industry. Yet this is one of the smaller of 
the fourteen institutes catering for the 
5,300 mechanical engineering under- 
graduates now registered at Aachen. 

But is this not a narrow way of training 
engineers? Yes and no is the customary 
answer. For the first two years of their 
academic careers, students follow a more 
or less common course, heavy on mathe- 
matics and physics or chemistry as the 
intended speciality may suggest. On paper, 
the undergraduate course should take four 
years, or eight semesters, divided into the 
two equal halves of Grundstudium and 
Hauptstudium. in reality, par for the 
course is more like six years, although a 
small percentage of students win their 
diplomas after 412 years. Along the way, 
some 30 per cent of Aachen’s engineering 
students fail to jump one hurdle or 
another, although it is reckoned that only 
seven per cent of them fail to complete 
some kind of first-degree course, perhaps 
after moving to some other university. 
Hothouses like the machine tool institute 
are responsible only for the second half of 


computer-aided design (CAD). Here and 
elsewhere, part of the objective is to 
produce a library of software that can be 
used by the small to medium sized manu- 
facturers that dominate this sector of 
West German industry in the opti- 
mization of, say, a gear train — and the 
automatic draughting of the drawings 
needed. Similarly, using banks of data 
built up over the years on the characteris- 
tics of various cutting and metal-forming 
processes, computer programs are being 
designed so as to identify the best way of 
producing metal parts of various forms. 

The search for accuracy and repro- 
ducibility is a recurrent theme in the 
research programme, whence the current 
interest in real-time measuring 
techniques. Similarly, computer tech- 
niques are being used in the analysis of 
how machine tool structures are 
deformed by stresses arising during use. 

While all this software is accessible to 
would-be industrial users, specialized 
seminars (at Aachen but also at Zurich) 
are regarded as essential means of propa- 
gating the new ideas that arise, as are the 
biennial international conferences on 
machine tools, the last of which last year 
attracted 2,000 participants. 


an engineer’s education. 

The rigours of Aachen’s engineering 
courses seem not to have deterred school- 
leavers from signing on. Indeed, business is 
booming. This year’s intake in engineering 
is up on 1980-81 by between 10 and 20 per 
cent, according to the field, while the 
volume of enquiries suggests that there will 
be a further jump next October. The pro- 
portion of women remains negligible. 

The apparently steady increase of the 
length of time needed to win the right to the 
title Dipl.-Ing. is nevertheless a source of 
some concern. There is an unavoidable 
conflict between the need to give graduates 
some marketable breadth in their fields and 
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the objective, still held to, that graduates 
should know about everything there is to 
know. ` 

The decline in the knowledge of entering 
students of mathematics and basic science 
has also made it necessary for RWTH to 
provide extra courses in mathematics in the 
September before the first year begins. 
Apparently what has happened is that 
students seeking high marks in the school- 
leaving Abitur are opting out of the extra 
three hours of mathematics offered each 
week in the last two Gymnasium years. 

In this respect, RWTH makes more con- 
cessions to its students’ needs than many 
other West German universities, where 
students are usually left largely to their own 
devices. Legally, however, it has no control 
over the quality or even the numbers of 
those who elect to join engineering courses, 
The Abitur gives anybody the right to sign 
on for what he chooses, and that is that. 

Nor, for the time being, does RWTH 
appear to have much interest in leavening 
the education of its engineers with a dash of 
the humanities (along the lines of the 20 per 
cent of time students at Massachusetts 
Institute of Technology are required to 
spend following courses in the humanities). 
As it happens, RWTH almost accidentally 
acquired a philosophy faculty in the 
heyday 1960s (together with a teachers’ 
training college), and the senate will soon 
have to decide whether to respond to the 
financial crisis in Nordrhein- Westfalia by 
taking the knife to that cuckoo in the nest. 
The news that the Electrotechnische 
Institut in Zurich, with which Aachen has 
close links, is making a few experiments of 
this kind has unsettled hard-liners. 

RWTH seems also to have been com- 
paratively untouched by the wave of recent 
university reform. In 1968, it was slow to 
follow other West German Technischen 
Hochschulen in calling itself a university. 
On reflection, people are glad that they 
have kept the name first coined in 1870. 
And while there are student representatives 
on most committees, their proportions are 
such that they can be voted down when 
necessary. m 


Where graduates make good 


SIEMENS AG, the largest employer of 
scientific manpower in West Germany, is 
not so much a source of monthly pay 
cheques as a way of life. The company 
offers those who work for it attractive 
fringe benefits such as pensions, while it 
makes a point of recruiting all its senior 
managers from within its own ranks. 
Indeed, the company boasts that the mem- 
bers of its board of directors are almost all 
technical people who have worked their 
way up within the hierarchy — and that 
there are no lawyers, only money people, 
from outside. The result of all this is that 
recruits to Siemens who survive the first 
five years are likely to stay in what has 


become a remarkable example of a 
technical enterprise run by scientists and 
engineers. 

So how does Siemens recruit its technical 
people? Of the 180,000 employees in 
Germany, more than 26,000 are technically 
qualified. In recent years, to make good 
losses and to sustain a growth of 2.5 per 
cent a year, the company has been recruit- 
ing about 2,000 graduates from the univer- 
sities and the Fachhochschulen. What with 
the recession, this year’s intake will be no 
more than 800, however. 

In the German university tradition that 
students must fend for themselves, univer- 
sity careers offices do not exist. So a re- 
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No moving parts 


ONE of the first instruments whose 





egg 









gyroscope built at the Siemens research 
laboratory at Munich-Perlach. Briefly, 
the device is a circular coil of single-mode 
glass-fibre around which radiation beams 
from a single semiconductor laser diode 
are sent in opposite directions. Rotation 
of the coil about its axis changes the 
velocities of the two opposing light 
beams, and thus the position of the 
interference fringes produced by 
recombining them. 

The prototype instrument, built by 
Gerhard Schiffner (now at the University 
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Technique for non-destructive testing of microcircuits developed by Dr H. Rehme at Siemens-Perlach. Left-hand 
panel represents secondary electron emission by an electron probe scanned over the surface. Dark areas are at 
positive voltage. The dark like across the lower half indicates the presence of a defect affecting a whole row of circuit 


elements and revealed in the electron micrograph fright-hand panel). 


cruiting team from Siemens trudges round 
20 universities and 60 Fachhochschulen 
twice each academic year. On balance, the 
company prefers to recruit engineers after 
the first degree (Diploma), simply on the 
grounds that it is easier to take on people in 
their twenties (the median age of university 
graduates in engineering is between 26 and 
28) than in their thirties. 

With the experience gathered since 
Werner von Siemens founded the company 
in the nineteenth century, the recruiting 
men now know where to go. Of the univer- 
sity recruits, 47 per cent are electrical 
engineers, Physicists make up 13.5 per cent 
of the university recruits, while the past few 
years have naturally seen a rapid growth of 
the recruitment of mathematicians and 
information scientists. Briefly, the 
company has a well-trodden selective path 
between the good engineering schools in 
West Germany, but also, interestingly, in 
Austria. Something like 10 per cent of its 
skilled labour force is from outside West 
Germany. 

So how well is Siemens satisfied by the 
performance of the country’s engineering 
schools? The specialization which is now 
common in the bigger and better schools is 
in some ways an embarrassment. The 
University of Karlsruhe, for example, 
produces graduates in electrical engineer- 
ing under twenty different labels. Siemens 
approves of the objective — that a quali- 
fied engineer should know all there is to 
know in his or her chosen field — but 
wishes that it were possible also to help 
young engineers to be more flexible. 

The consequences of the successive 
reforms of higher education are not 
welcomed. Siemens people shake their 
heads over the plight of some of the new 
universities such as Bremen, which have 
buildings and teaching staffs but which 
have failed to attract students of high 
quality in the numbers originally planned. 
They also agree with the widespread 
criticism of the decision that graduates of 
both the Technische Hochschulen and the 
Fachhochschulen should in future append 
to their names indistinguishable degrees — 
Dipl. Ing. for all. The result, they say, is that 
potential employers will not be able to rely 
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on the uniformity of standards hitherto 
ensured by the various boards of 
engineering operating nationwide. 

The company’s chief concern, however, 
is that the attitudes of young people leaving 
engineering schools in recent years have 
been sharply different from those in the 
more distant past. People have been less 
competitive than they used to be, less eager 
to get on. They have also been corrupted by 
concern about the environment, a distaste 
for affluence and all that. But, so the 
argument goes, in the past year or so there 
has been a change. People are beginning to 
respond to the challenge presented by 
Japan. It’s vital, said one company 
official, not just for West Germany but for 
the whole of the West that the Japanese 
should be challenged effectively at their 
own game of innovation. 

The most striking feature of the com- 
pany’s use of its technical people is that 
close on 10,000 of its qualified staff work in 
research and development in laboratories 
scattered through the company’s six 
operating groups but also in two central 
laboratories, one at Munich and one at 
Erlangen (not far away). The central 
laboratories are thus an important part of 
the cement that holds the six operating 
divisions together. 

The scale of Siemens’s investment in 
research and development should be suffi- 
cient to give it a sporting chance. For the 
company as a whole, 48 per cent of sales in 
1979-80 consisted of products developed 
in the previous five years. Inevitably, the 
contributions of recently developed pro- 
ducts are even higher in the company 
divisions responsible for components and 
information systems. Research and 
development cost more than DM3 million a 
year, exceeding 9 per cent of the company’s 
sales (56 per cent of which are outside West 
Germany). 

The central laboratory at Munich is 
housed in a complex of Lego-like buildings 
on the edge of the housing desert of the 
suburb of Perlach. Its managers say that 
they encourage proposals for research 
projects from members of the laboratory 
staff, and although most projects are 
oriented towards products that may ulti- 


of Bochum), Benhardt Nottbeck and G. 
Schöner, consists of 2.88 kilometres of 
optical fibre wound on a 12.3 cm 
diameter former. To obtain an analogue 
signal proportional to the rate of angular 
rotation of the coil, the phase of the 
counter-travelling light beams is 
modulated by means of a short length of 
fibre whose length is modulated by means 
of a piezoelectric element. The signal 
produced by the recombined beams at a 
silicon photodiode is amplified and 
analysed by means of two lock-in 
amplifiers, one at the modulation 
frequency and one at twice that 
frequency. The ratio of the two signals 
can in principle provide a measure of 
rotation rate independent of power 
output or of the attenuation of the glass 
fibre. 

The obvious rotation rate to measure is 
that of the Earth — some 10 degrees per 
hour for an axis pointing north-south at 
the latitude of Munich. Measurements of 
this rate suggest that the sensitivity of the 
prototype instrument is limited by noise 
to about 0.3 degrees per hour, while drift 
of the calibration scale may be about 
0.5 degrees per hour. Temperature fluc- 
tuations (affecting the length of the 
optical fibre and its optical properties) 
and even fluctuations of the Earth’s 
magnetic field may contribute to drift. 

Siemens has little to say about the 
potential applications of the instrument, 
but the attractions of what may be a 
sensitive gyroscope with no moving parts 
are obvious. The immediate problem is to 
achieve miniaturization, using fibre 
optics elements as means of constructing 
the interferometer which is the essence of 
the instrument. 


operation depends on the special : 





mately be saleable, they insist that they can 
fairly be compared with the Bell Telephone 
Laboratories in New Jersey because of 
their willingness to take on basic research. 

The laboratory also boasts of close links 
with the university system, pointing to its 
usual loss of one or two senior researchers 
to university chairs each year. And even the 
scientists and engineers who leave for jobs 
elsewhere are not an outright loss — they 
remain customers for Siemens products, it 
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Helping small businesses 


SMALL business is big in West Germany, 
respected and much cherished. The best- 
known companies (Bayer, Siemens, Krupp 
and so on) are huge, and also big spenders 
on research and development, but every- 
body knows that the real strength of West 
German industry rests with the small and 
middle-sized companies, often too small to 
support research and development. pro- 
grammes of their own. What can the 
governments, federal and regional, do for 
them? 

Quite a Jot, it seems. West Germany 
offers a richer menu for encouraging 
research on a shoestring than any remotely 
comparable country. Given the way in 
which graduates of the engineering schools 
slide into the management of the small 
companies (and behind the wheel of the 
accompanying Mercedes), it is natural that 
they should first turn for help to the 
academic departments whence they came. 

The volume of direct research contract 
business at the large engineering schools is, 
however, small. But the constitution of the 
universities as dependants of the Lander 
makes the connection between the univer- 
sities and local industry a two-way street. A 
large but unknown proportion of the grant 
applications to DFG for engineering 
projects is stimulated by the needs of small 
business. 

The federal and Länder governments 
also support a more formal mechanism for 
collaborative research — the Fraunhofer 
Society (Fraunhofer-Geselischaft zur 
Férderung der Angewandten Forschung). 
This organization maintains some 27 
research institutes in West Germany, with 
interests primarily in sold-state electronics 
(including defence applications), 
information processing and the construc- 
tion and woodworking industries. 

Contract research is now the most 
rapidly growing part of the Fraunhofer 
Society’s work, apparently stimulated by 
the agreement struck between the federal 
and Ldnder governments in 1975 on the 
scale of their support (now running at 
about a third of the total budget of DM250 
million). 

in the past five years, the research and 
economic ministries of the federal govern- 
ment have gone even further and have 
introduced a number of schemes which 
amount to direet subsidies for research by 
small businesses. Small companies letting 

esearch contracts to some external 

research organization (which may be a 
public laboratory) can apply for grants to 
cover a third of the cost, but up to a fixed 
amount. And there is also a scheme of 
grants to cover the costs of approved in- 
house research, again within a ceiling. 

At the same time, the national research 
centres are being encouraged to take on 
research projects for small companies — 
and given the unaccustomed financial 
pressures to which they are now exposed, 
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seem anxious to respond. 

The overwhelming response to the 
research ministry's offer, at the end of last 
year, of small grants to help with the 
development of products incorporating 
microprocessors is one striking illustration 
of the willingness of small companies to 
play their part in what has become a self- 
conscious crusade for the application of 
research. Having offered grants 
amounting to DM300 million over three 
years (up to a maximum of DM8&00,000), 


Research for sale 


Most stands at the Hannover Fair attract 
visitors either by means of something that 
moves or by means of a young woman 
(rarely a man) sitting at a keyboard 
hitched to a computer or the like. Dr 
Jürgen Schulte-Hillen, by contrast, puts 
himself on show. From morning to night, 
he sits at a small table seeking to interest 
potential clients in the services of his 
small company as an adviser on research 
and development. Half-way through last 
month’s fair, he was well on the way to 
laryngitis. 

Management consultancy is not, of 
course, new in West Germany, while 
organizations such as Battelle (whose 
Frankfurt establishment includes one of 
the largest laboratories in West Germany) 
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Schulte-Hillen predicts a vigorous response to the 
challenge from Japan 
will not merely advise a company on its 
need for research but will carry out the 
work on a contract basis. Schulte-Hillen, 
however, reckons that he has found a 
unique niche in West German industry. 
His small company, now ten years old 
and employing only 20 people, deals 
principally with small and medium-sized 
companies. Its strong suit is to provide 
advice on how, in a client’s operations, 
research and development might lead to 
a new product or process. Schulte-Hillen 
does not himself carry out the work, but 
will instead arrange a contract between 
the client and some research 
establishment, supervising progress 
much as an architect will breathe down a 
builder’s neck . In the process, the 
argument goes, the managements of 
smal} companies learn what research and 
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the research ministry has been swamped 
with 1,400 applications in the first few 
months, 

The common explanation for this 
enthusiasm is nothing if not encouraging. 
What people say is that West German 
companies, and especially the smaller 
among them, have awakened to the conse- 
quences for them in the present hiatus in 
the economic miracle and in the challenge 
from Japan. One small metal-working 
manufacturer at this year’s Hannover Fair 
put the point simply: he reckons he has at 
most three years in which to redesign all his 
products. 


development can accomplish — training 
in research management, he calls it. 

So what (if anything) is wrong with the 
state of science in West Germany? 
Schulte-Hillen was for six years head of 
project planning at a national aerospace 
laboratory (Deutsche Forschungs und 
Versuchsanstalt für Luft und Raumfahrt, 
see page 266) before setting up on his 
own. He believes that the national 
laboratories and Max Planck institutes 
are “highly qualified” institutions with 
deservedly high reputations, but that they 
are not flexible enough and that they 
should have closer links with industry or 
the universities, as appropriate. 

Schulte-Hillen also shares the view 
common at least among those who 
graduated before the 1970s that the 
university reforms have been ‘‘a great 
mistake’’. He regrets that they have 
created two classes of universities in 
engineering, Aachen at one end of the 
spectrum and Bremen (everybody’s 
whipping-boy) at the other. 

The Japanese challenge to West 
German industry is preoecupying but not 
depressing. The reason for the Japanese 
success, Schulte-Hillen believes, is that 
they have set out to make well-engineered 
products for a mass market. Except ina 
few fields, German industry, based as it is 
on medium-sized companies, is not 
naturally well placed to compete. 

But, in Schulte-Hillen’s view, the 
climate is changing. The past few years 
have been a shock for West German 
industry, and the West German 
automobile industry for one is now bent 
on becoming competitive again by 
ensuring good design, high-quality and 
low costs. 

Another sign of the changing climate, 
Schulte-Hillen believes, is the response of 
West German industry to the federal 
government’s announcement last year of 
a programme of small grants (up to DM 
50,000) to small companies with 
development projects intended to use 
microelectronic devices in novel ways. 
The applications received since January 
this year apparently already exceed the 
DM 300 million originally set aside for the 
next five years — and one suspects that 
Schulte-Hillen has written many of them. 
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Research labs galore 


THE legend, according to one senior 
official of the federal government, is that 
those who planned the reconstruction of 
West German science after the war 
deliberately decided to take over the 
conspicuous institutions in what were then 
the obvious models for the administration 
of science. So now there are research 
councils (DFG) on the British pattern and 
national laboratories, as in the United 
States. The Max Planck Society, however, 
is special and indigenous. 

Whatever the explanation, large labo- 
ratories are now an important part of the 
West German scene, with the esta- 
blishments run directly by the ministry of 
research and technology most prominent 
among them. Altogether, these twelve 
establishments employ more than 16,000 
people and cost the ministry close on 
DM1,700 million a year. 

The laboratories are a mixed bag, 
including as they do the Cancer Research 
Centre at Heidelberg (see page 267) and a 
centre for biotechnology research at 
Braunschweig (which employs fewer than 
300 people). There is a case for thinking 
that the Cancer Research Centre would fit 
more comfortably under the wing of some 
part of the federal government more 
directly concerned with medicine. 

The biotechnology laboratory, on the 
other hand, originally founded to meet the 
needs of the fermentation industries, now 
has a distinguished group of molecular 
biologists working on such projects as the 
transfection of cells in culture by gene 
fragments including the gene of beta- 
interferon. The laboratory is likely to be 
one of the beneficiaries of the DM70 
million that the ministry of research has to 
spend this year on various aspects of 
biotechnology. It remains to be seen how 
far and how fast the laboratory will move 
along the path towards commercial 
exploitation. (As it happens, the 
laboratory was founded in 1968 with a 
grant from the Volkswagen Foundation.) 

For the rest, the national] laboratories 
range from largely academic establish- 
ments including the particle physics 
laboratory DESY at Hamburg (see page 
270) and the plasma physics laboratory at 
Munich (see page 271), which is also a Max 
Planck institute, to the nuclear 
establishments at Jülich and Karlsruhe and 
the sprawling aerospace research 
organization centred on Cologne. They are 
collectively represented in Bonn by an 
Association of Big Science Establishments 
(or AGF for Arbeitsgemeinschaft der 
Grossforschungseinrichtungen}. 

As elsewhere, AGF’s West German 
members are having painfully to adjust to 
changed economic circumstances. As 
recently as 1980, the laboratories were 
hatching a scheme for employing 700 
younger scientists in specially created posts 
— a temporary expedient to keep young 
people in research and the research 
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ministry’s equivalent of the Heisenberg 
programme run by DFG. Now, like other 
government establishments, the national 
laboratories are having to reduce their 
staffs by 7.5 per cent over the next five 
years. Evenso, AGF hopes to maintain the 
validity of its boast that 350 graduate 
Students from West German universities 
earn their doctorates at its member 
establishments. 

The process of contraction should not be 
as difficult as some fear. Natural wastage 
by retirement, death and so on runs at 
about one per cent a year, while the rate of 
resignation by people leaving for other jobs 
is said to average 4 per cent a year. The 
question that naturally arises, however, is 
whether there should be some more radical 
change in the pattern of this substantial 
research effort. 

Much, no doubt, will depend on the 
success Of these laboratories in persuading 
the general run of West German industry 
that developments incidental to what 
would be called, in the United States, their 
missions are of commercial value. Beneath 
an elaborate green tent-like structure at the 
Hannover Fair this year, AGF orchestrated 
an impressive display by its members of 
technology that may have a wider use. 

Thus the Karlsruhe laboratory now 
boasts of a piston-driven pump for liquid 


helium, the Jülich laboratory of nove] © 


ceramic heating units (offshoots of its work 
on the development of equipment for 
installation in high-temperature reactors) 
and the aerospace laboratory claims 
already to have had success overseas in 
licensing its designs for fuel-oil burners. 
(Their high efficiency depends on the way 
in which droplets of fuel oil are vaporized 
by combustion gases before being ignited.) 

The two nuclear laboratories at Karls- 
ruhe and Jülich are of particular interest 
because of their close involvement, over past 
years, in the West German development of 
civil nuclear reactors. (Other member 
laboratories of AGF have an interest in 
nuclear affairs, including the GSF 
laboratory in Neuherberg near Munich 
concerned with problems of the geological 
disposal of radioactive wastes, the Hahn- 
Meitner institute in Berlin with an interest 
in radiation chemistry and the GKSS centre 
at Geesthacht-Tesperhude in northern 
West Germany which is a monument to 
enthusiasm in the early 1960s for nuclear- 
propelled ships.) 

Both establishments have long since 
outlived their original remits. The Jülich 
establishment, for example, was founded 
(in 1956) by the Land government as a 
nuclear research facility for the universities 
of Nordrhein-Westfalen but was converted 
into a national laboratory in 1968. It is stil] 
responsible for the development of the 
technology of high-temperature reactors, 
as Karisruhe is responsible for fast-reactor 
technology. (The plan is that Karlsruhe will 
shed 70 of its 270 fast reactor people in five 


years or so, when the prototype fast reactor 
at Kalkar should at last be complete.) 

The question never far beneath the 
surface is whether there will be reactor- 
development projects with which to 
continue when these come to an end. For 
the past two years, even the construction of 
well-established types of reactors has 
become a contentious political issue — and 
not merely in the safe SPD country of 
Hamburg but in CDU Bavaria as well. 
Although Chancellor Schmidt was able to 
avoid the two-year moratorium on civil 
nuclear construction demanded of him at 
his party’s conference in Munich last 
month, plainly the political climate is one 
in which new proposals for major reactor 
development would not be easily accepted, 
while the electricity utilities, stung by the 
research ministry’s success at persuading 
them to contribute extra funds to the cost ` 
of the fast reactor prototype, are unlikely 
to be pressing for further initiatives in this 
direction. 

The present plan seems nevertheless to 
be that these laboratories shouid be kept 
alive on more or less the present scale, with 
the understanding that new tasks should be 
transferred to them whenever possible. The 
principle that it is easier to start a new 
laboratory than to close one down applies 
in West Germany perhaps even more 
rigorously than elsewhere, given the close 
interest (and the 10 per cent financial 
contribution) of the Länder governments, 

AGF is not the source of funds for these 
laboratories but rather a coordinating 
mechanism for those national laboratories 
that happen to come under the wing of the 
research ministry. Other federal labor- 
atories exist more inconspicuously, again 
but in partnership between the federal 
government and the Land concerned. 

Among these, the geoscience and re- 
sources agency at Hannover has made 
an international reputation for itself with 
its overseas surveys, especially in 
developing countries (and has also just 
completed a thorough survey of ground- 
water resources and their contamination by 
pollution for the whole of West Germany). 
The Tübingen veterinary laboratory 
similarly has a distinguished academic as 
well as practical reputation. Conspicuous 
by its absence in West Germany is the string 
of medical research laboratories that 
would be found in most other places — a 
measure of the dominance of the medical 
faculties but perhaps also a pointer to the 
need that medical research should be less 
fragmented. 

On the principle that anything the 
federal] government can do the Länder can 
do independently, there is also a spattering 
of regional research laboratories on the 
map of West Germany. Veterinary and 
geological laboratories are common, but 
Hesse supports the Sigmund Freud 
institute of psychoanalysis and Lower 
Saxony plans to set up a microelectronics 
Jaboratory once it has chosen between 
Hannover and Braunschweig. \_ 
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THIS brief survey of science in West Germany is necessarily 
incomplete. Only a small sample of the important national 
research laboratories rates is mentioned. Most Max Planck institutes 
have been overlooked. And much too little has been made of the 
great wealth of sound biology now flourishing in universities, 
much of it deliberately fostered by the grant-making agencies 
such as the Deutsche Forschungsgemeinschaft. It is hoped that 
these deficiencies can be made good in the months ahead. For 
what is happening in West Germany, both in laboratories and in 
the committee rooms that help to shape their work, deserves much 
closer attention from the rest of the scientific community. 

Incomplete though they may be, the preceding pages 
nevertheless confirm first impressions. Both researchers and 
those who manage their affairs are unsure of themselves, 
concerned that the substantial commitment of West Germany to 
research and development may be yielding less than it might. 
Comparisons with the United States are constantly preoccupying 
and rarely confident, which is why the doings of the particle 
physics laboratory at Hamburg (see page 270) stand out. Here at 
least is one laboratory not depressed by pointless calculations 
about the award of Nobel prizes. (For what little worth they have, 
the figures show that there have been 16 Nobel awards to West 
German nationals since the Second World War, compared 
with 124 and 42 awards to American and British nationals 
respectively.) The important question is how such a state of grace 
can be brought about elsewhere. 

One of the dangers in West German introspection about the 
quality of research and development is that the distinctive and 
valuable features of the system will be undermined. Thus for 
decades other European countries have envied the way West 
German Technische Hochschulen forge such close connections 
with particular industrial sectors that both partners benefit 
immensely, as does the West German economy as a whole. 
Whenever British politicians take up the gloomy question ‘“‘Why 
is Britain not more productive?’’, there is certain to be somebody 
to remind them that it might be different if British universities 
chose to follow this West German practice. The report (on page 
275) from Aachen shows this practice still flourishes. The snag, 
for those who look for proof of success in the international award 
of honours, is that research in the design of machine tools is 
neither one of the topics mentioned in Nobel’s notorious will nor 
a productive source of references in the primary journals. And 
while there may be some who complain that the education offered 
by the hot-houses among engineering schools may be undesirably 
narrow, or needlessly demanding, the success with which the 
graduates of these schools are able to make their way in West 
German industry is surely a proof that the engineering schools and 
West German industry have found a productive pattern for their 
relationship. 

Elsewhere, however, the university system is in a mess. The 
reforms of the past quarter of a century have had the benefit of 
making sure that tenured professors cannot behave as tyrants, 
and have helped also to give West German universities a sense that 
their corporate identity extends to all who work in them, but only 
at the cost of licensing an intolerable and demeaning bureaucracy. 
Is it any wonder that people seeking a career in research prefer to 
work elsewhere, at a Max Planck institute perhaps, or even in the 
United States? The most obvious difficulty is that ridding the 
system of this blight cannot be accomplished by the universities 
themselves, only by the twelve governments of West Germany. 

Sooner or later, something will have to be done to allow the 
universities to match their intake of students in all fields to their 
capacity to teach them properly. The pretence that all universities 
are educationally and intellectually equal will have to be 
abandoned. The universities must be rid of the legal harassment 
by students and would-be students with which they are now 
plagued, and should be free to decide for themselves the 
composition of the internal committees that manage their affairs. 
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hat prospects for improvement? 


Nobody pretends that such steps could be taken easily, for they 
would offend against cherished constitutional principles. But to 
fail to take them is to perpetuate bumbledom and inefficiency. 

There is also a need to change the present balance between the 
support for basic research by the principal grant-making 
agencies. The most glaring need is for a closer link between the 
6,000-odd researchers who work in the Max Planck institutes and 
the much greater number of professional scientists who work in 
universities. Although the Max Planck Society acknowledges the 
need that new institutes should be sited near universities, although 
many institutes have members who work on common problems 
with university colleagues, and although senior members of the 
institutes are eager (and welcome) teachers at their local 
universities, the plain truth is that the institutes attract many of 
the most able younger scientists — and then provide many of them 
with an environment in which they can securely become less 
productive. The resentment that has sprung up between the two 
groups of people is not good for the research enterprise. 

There isa need, less obvious but just as urgent, for adjusting the 
present balance of support for research within the universities. 
One of the unusual features of the West German system is that the 
bulk of the cost of university research is met directly by the Ldnder 
(regional) governments, with the Deutsche Forschungsgemein- 
schaft playing a relatively minor role. (The official estimate of a 
ratio of four-to-one is probably an over-estimate, but is not easily 
verifiable.) At many universities, Heidelberg for example, 
tenured professors look to the general budget for research 
support, but more junior colleagues must take their chances with 
DFG. Could this be why people returning to West German 
universities after a promising start elsewhere are so often said to 
slump into inactivity? The doctrine of the unity of research and 
teaching is wholly admirable but there is a danger that much of the 
research support now channelled from the regional governments 
to university researchers finds its way into projects that would not 
survive the rigours of peer review. This may also explain why the 
de-deification of the old-style professors has not been matched by a 
corresponding sense of liberation among junior colleagues. Given 
the generality of the observation that, compared with their 
equivalents elsewhere, younger scientists in West Germany are 
less adventurous — less likely to be disastrously wrong or 
brilliantly right —a more selective way of offering larger dollops 
of research support seems necessary. The general anxiety about 
clinical research argues in the same direction. 

The problems peculiar to West Germany appear principally to 
affect basic research. There are also the familiar problems of what 
to do with research establishments that have lasted longer than the 
problems they were intended to solve, arguments about research 
strategy (how much to spend on solar energy development?) and 
anxieties about political interference (should a new laboratory go 
in one place rather than another?). West Germany is not worse 
afflicted than other places, while the scale of its research 
enterprise, and the skill of its practitioners, imply immense 
advantages. So has not the time come for the research community 
to insist that what it knows to be wrong should be put right? The 
paradox of West Germany is that the elaborate hierarchy of 
policy-making bodies that has evolved since the Second World 
War is somehow incompetent to challenge prevailing ideologies, 
even those that lead directly to the absurdities now manifest in the 
university system. 

So the hunt goes on for other explanations of why West 
German science is not the glittering enterprise it should now be. It 
is like a heavy smoker with a chest infection seeking a 
psychosomatic explanation for his complaint. Although West 
German science may to some extent sull be made tentative by the 
awful experience of what is euphemistically called ‘the period 
1933-45”, and by the sheer newness of the federal republic, what 
matters now is that each year increases the distance from that time 
—- and brings a new cohort of productive people to adulthood. 
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Crust to crust, basalt to basalt 


As the author of Ecclesiastes might have 
put it, of the making of many geochemical 
hypotheses for the workings of the Earth’s 
interior there is no end. Or so it seems. 
Those e who don’ t pay the closest possible 
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reconcile other data. To the outsider, ever 
more research must look suspiciously like 
the source of ever more confusion, offering 
the reminder that the Earth’s interior only 
looked remarkably simple when next to 
nothing was known about it. The much- 
needed global model that succeeds in 
reconciling the mass of conflicting 
observational evidence seems as far away 
as ever. 

The new model put forward by 
Hofmann and White! hardly fills that all- 
embracing role, but, if valid, it should goa 
long way towards explaining some of the 
apparent contradictions that have recently 
come to the fore as a result of the increasing 
attention being paid to oceanic island 
basalts (OIB). Not least among the 
inconsistencies is the fact that, whereas 
OIB are ‘enriched’ (that is, with respect to 
‘primitive’, bulk-earth, chondritic 
material) in incompatible elements such as 
K, Rb, U and Th and the light rare earth 
elements (LREE), Nd isotopic data seem to 
suggest that the source of most OIB is 
‘depleted’ in LREE. For some time now, 
the differences between OIB and mid- 
ocean ridge basalts (MORB) have been 
interpreted as indicating distinct sources in 
the mantle: and under those circumstances 
it was possible to hold (not that everyone 
did) that the OIB were derived from 
primitive material (such as the lower 
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mantle, if primitive it be) and the MORB 
came from a relatively depleted source (for 
example, the asthenosphere, if depleted it 
be). But the Nd data would seem to rule 
that out. 

So how can LREE-enriched OIB be, or 
appear to be, derived from an LREE- 
depleted mantle source? Wasserburg and 
DePaolo? have suggested that perhaps the 
Nd isotopic data only indicate a non- 
primitive source for OIB because the 
initially primitive material gets 
contaminated with depleted MORB source 
material in the upper mantle. But that 
appears to conflict with Pb isotope and 
other evidence. Menzies and Murthy}, 
among others, have proposed that 
metasomatism enriches the OIB source 
before melting. But there appears to be no 
evidence for that, at least from the source 
material itself. Even earlier, Gast* had 
attempted to account for the enrichment of 
OIB by supposing that primitive OIB 
source-material undergoes less melting 
than MORB source-material. But the 
degree of melting this requires is probably 
far lower than most petrologists would 
countenance. 

Hofmann and White cut right through 
these proposals and objections. They first 
state that the OIB source cannot be 
primitive — a conviction based on the 
“rather conclusive” evidence that (1) no 
primitive source could give rise to enriched 
OIB without an unacceptably low degree of 
melting, and (2) a primitive source is 
inconsistent with the isotopic data (Rb, 
Nd, U, Th and so on). Next, taey express 
their faith in Morgan’s mantle plume 
hypothesis®, because they find ‘‘his 
arguments as persuasive today as they were 
ten years ago and because ... no viable 
alternative model has been proposed that 
would explain the kinematic and 
geochemical peculiarities of ‘hot-spot’ 
volcanism”. They then look round for a 
possible source of the non-primitive 
material that forms the mantle plumes, and 
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come up with the bold suggestion that it is 
ancient, subducted crust. 

As might be expected, this is not the first 
time that the fate of subducted crust has 
been considered. Ringwood*, for 
example, suggested that such crust might 
sink to the base of the mantle and thus be 
lost permanently to the convective system. 
Tatsumato and Knight’ and, more 
recently, Anderson? have proposed that 
subducted crust is recycled to form new 


oceanic crust, including OIB. What 


Hofmann and White have done, in effect, 
is to combine components from both these 
views into the proposal that subducted 
crust sinks to the bottom of the mantle 
whence it ultimately rises again in the 
physical form of mantle plumes. 

As new, initially basaltic, oceanic crust 
moves away from ridges it is subjected to 
hydrothermal alteration, undergoes low- 
temperature alteration and accumulates 
sediments; and as it subducts it experiences 
metamorphism and partial melting. Even 
so, its bulk composition is still likely to be 
more or less basaltic, and its density will 
almost certainly be higher than that of 
upper mantle material and probably higher 
than that of lower mantle material too. H 
therefore sinks until it reaches a level of 
density compensation (presumed here to be 
as deep as the core~mantle boundary), 
shedding the more refractory part of the 
lithosphere as it does so. Once at its new 
site, where it builds up to thicknesses of 100 
km or more, it begins to heat up, partly 
because of radioactive heat production 
within it and partly through heat transfer 
from the core. As the temperature rises the 
layer becomes unstable, and diapirs 
(plumes) ascend into the upper mantie 
where the material melts, rises to the 
surface and forms oceanic islands or 
continental hotspots as appropriate. 

Hofmann and White go to some lengths 
to demonstrate that such behaviour is 
thermally and mechanically plausible. But 
something more than that emerges, for the 
(admittedly crude and assumption-ridden) 
calculations also give a hint of the time 
scale involved. The time taken for the once- 
crustal layer at the base of the mantle to 
develop eee seems to be as sinu as 
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one to two billion years, implying that the 
material now rising as mantle plumes was 
oceanic crust as long ago as the 
Proterozoic. In this connection, it is 
interesting to note that apparent mantle 
isochrons for recent OIB commonly yield 
ages of about 1.8 (Pb) and 1.6 (Rb/Sr) 
billion years. Moreover, Morgan also 
suggested that plumes may actually initiate 
seafloor spreading/upper mantle con- 
vection by breaking up plates and thus 
allowing the passive upwelling of mantle 
material. Putting all this together, it is 
tempting to envisage an Earth in which 
periods of plume-triggered mantle 
convection alternate with intervals of 
mantie stagnancy during which the stored, 
subducted crust gradually heats up towards 
instability. 

The first of the geochemical conclusions 
to be drawn from all this is that, by 
definition, OIB source-material cannot be 
primitive. On the other hand, the exact 
bulk composition of the material is 
difficult to specify. As the crust subducts it 
may or may not take sediment with it, it will 
be metamorphosed to an uncertain extent, 
and dehydration and partial melting will 
remove an unknown quantity of incompat- 
ible elements. At some point it will then be 
converted to eclogite and the less dense, 
depleted part of the lithosphere will 
separate and return to the MORB reservoir 
(presumably the asthenosphere). It seems 
unlikely, however, that these processes will 
be anything like thorough enough to 
remove all the incompatible elements — a 
conclusion for which there is some support 
from a consideration of what happens to K 
during subduction and magma production 
in island arcs. In other words, it would 
seem that when the subducted crust reaches 
the lower mantle it is still enriched. 

The problem of having to explain how 
enriched OIB are derived from a depleted 
source is thus removed; the source is not 
depleted. What, then, of the Nd isotopic 
data, which seem to demonstrate other- 
wise? At this point it is necessary to bear in 
mind that, according to the Hofmann- 
White hypothesis, modern OIB are derived 
from Proterozoic crust -~ that is, 
Proterozoic MORB. Studies of mantle- 
derived basalts have shown that Nd/Sm 
ratios in large parts of the mantle have 
become progressively depleted. Thus 
Proterozoic MORB were less depleted than 
are modern MORB; and, as a result, 
modern OIB would be expected to have 
variable but generally lower '?Nd/'“Nd 
ratios than modern MORB — which they 
do. Moreover, a MORB source would be 
able to produce OIB with ‘normal’ degrees 
of melting — 10 to 30 per cent for 
tholeites, 

As for the major elements, Hofmann 
and White point out that the idea of an OIB 
source of an essentially basaltic composi- 
tion is “‘not dear to petrologists’’, the 
prevailing view being that basalts are 
produced by the partial fusion of 
peridotite. There are indeed problems in 
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envisaging the generation of basalt from 
eclogite; but they may not be insuperable in 
this case insofar as the Hofmann—White 
model does not insist upon a source of pure 
eclogite. The subducting and sinking crust 
may not shed quite all of its associated 
refractory lithosphere. The incorporation 
of, say, 10-20 per cent of mantle peridotite 
would be sufficient to overcome the 
geochemical objections to an eclogite 
source (such as the fact that most OIB are 
Olivine saturated). Moreover, there is 
bound to be some interaction between the 
ascending mantle plumes and the upper 
mantle peridotite through which they pass. 
None of this would change significantly the 
density, incompatible element com- 
position and heat production in the 
rising plume material but it would easily 
provide sufficient olivine and pyrexene to 
bring the major element (and compatible 
element) composition into line with 
observation. To this extent, therefore, 
major element abundances do not impose 
strong constraints on the new model. 

It is a measure of the disarray in which 
geochemistry finds itself that almost any 


sentence of substance in any article on the 
subject can, and is likely to, attract 
perfectly legitimate objections. Hofmann 
and White’s work is unlikely to be an 
exception. Indeed, they admit that their 
model is an extreme one, ‘‘a broad target 
for criticism’’, a bold idea that may have to 
be modified if some of the details fail to 
correspond with future observations. Few 
people, however, would deny the 
importance of bringing the question of 
OIB-MORB differences to the fore. 
Many, if not most, geochemical models of 
the mantle have hitherto ignored OIB, 
largely on the grounds that they are 
volumetrically small in comparison with 
MORB. What Hofmann and White have 
done is show that relative volume may be 
no measure of scientific significance. > 
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The gaps in the fossil record 


from David E. Schindel 


THE fossil record has been both a burden 
and a blessing to evolutionary biologists — 
a blessing because the stratigraphical order 
in which fossils are arrayed provides broad 
proof of change with time, but a burden in 
that the gradual morphological transitions 
between presumed ancestors and 
descendants, anticipated by most 
biologists, are missing. Darwin anc most of 
his followers have resolved this dilemma by 
accepting the blessing and dismissing the 
burden as an unfortunate but inherent 
limitation in the fossil record resulting 
from varying rates of sediment deposition. 

In their much cited paper, Eldredge and 
Gould (ref. 1; see also ref. 2) re-examined 
the discrepancy between palaeontological 
patterns and biological processes. They 
argued that despite the imperfections in the 
fossil record, the pattern of abrupt 
appearances of new species might be a 
faithful rendition of speciation events, if 
viewed on a geological time scale. They 
contrasted two models, phyletic 
gradualism and punctuated equilibria. In 
the former, new species arise through the 
steady accumulation of microevolutionary 
change over significant spans of geological 
time. The discrepancies between 
generation-to-generation change and the 
observed palaeontological pattern would 
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therefore be real, since most species appear 
abruptly in the fossil record. In the 
punctuational view, species persist more or 
less unchanged throughout their duration 
but infrequently and abruptly give rise to 
new forms. The long spans of morpho- 
logical stasis within species would thus be a 
literal record, not an artefact of an 
imperfect record. The discrepancy would 
be more perceived than real, in this view. 
Over the past ten years, microstrati- 
graphical studies have appeared which 
document fine-scale patterns of change. 
Using the finest scale of sampling possible, 
investigators have attempted to test the 
reality of the discrepancy between 
microevolutionary changes (visible during 
a human lifetime) and the palaeontological 
patterns by approaching the time scale on 
which biological processes operate. These 
field studies have faced two serious 
challenges in the past year. First, the scale 
on which evolutionary patterns are 
documented is critical, because ‘‘one 
man’s punctuated equilibrium may be 
another’s evolutionary gradualism’’?, and 
‘““stepwise changes can be made to appear 
gradual if a coarse enough time scale is 
selected’’ +. The second and more serious 
chalienge states that the stratigraphical 
record, as a whole, is so incomplete that 
fossil patterns are meaningless artefacts of 
episodic sedimentation’. This article 
provides a response to these challenges by 
outlining procedures for evaluating the 
level of time resolution obtained in 
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microstratigraphical studies, and the 
quality of the patterns they document. 
Three criteria are necessary for 
evaluating temporal resolution in the fossil 
record. Temporal scope is the total time 
span over which the pattern is documented. 
Microstratigraphical acuity is the time span 
represented by each individual fossil 
sample. Stratigraphical completeness is the 
proportion of the total time span (temporal 
` scope) that is represented by strata. 
Temporal scope is estimated with the 
common tools of stratigraphy, ultimately 
being established by radiometric dating 
techniques. Acuity and completeness 
estimates are based on short-term 
sedimentation rates, which document the 
rate at which sediments accumulate 
without gaps. Sedimentation rates based 
on longer-term observations include 
periods of non-deposition and erosion, and 


are therefore lower than short-term rates in. 
similar settings. Brief periods of non- - 


deposition or erosion are undoubtedly 
common, but are less likely to be described 
in the literature than are brief periods of 
active accumulation. The pattern of lower 
rates of sediment accumulation with longer 
spans of observation time has been 
documented in two recent compilations 67. 

If individual fossil samples are taken 
from stratigraphical intervals free of 
evident sedimentological breaks (such as 
scoured surfaces, hardgrounds, bedding 
planes, attritional shell and bone beds), 
then dividing the sample thickness by a 
short-term sedimentation rate typical for 
that depositional setting (over, say, 100 yr) 
gives an estimate of acuity that assumes the 
interval of strata accumulated without 
interruptions greater than 100 yr (see refs 6 
and 8 for further explanation). Com- 
pleteness is estimated by first dividing the 


thickness of the entire strata by the 
appropriate short-term sedimentation 
rate, and the time span so derived is then 
divided by the temporal scope of the entire 
sequence. This completeness ratio 
represents the portion of the temporal 
scope represented by active accumulation 
of sediment, that is, if the entire sequence 
accumulated without interruptions greater 
than the time span of observation for the 
short-term rate used in the calculation. 
Sadler’ provides a detailed and elegant 
treatment of this procedure. 

The table presents data on the strati- 
graphical thickness and temporal scope of 
seven published microstratigraphical 
studies 75, along with my estimates for the 
acuity and completeness inherent in each. 
Three points emerge from this review of 
published studies. First, there is a trade-off 
between scope, acuity and completeness: a 
study can provide fine sampling resolution, 
encompass long spans of geological time, 
or contain a complete record of the time 
span, but not all three. Second, some 
microstratigraphical sampling schemes can 
provide acuity that approaches the time 
scale of biological processes (decades to 
centuries), if individual samples are 
collected with an‘eye to avoiding 
sedimentological breaks®. (Of course, 
extra caution is necessary in strata that 
show signs of bioturbation or 
resuspension, which act to obscure 
evidence of breaks.) Third, it is most 
difficult to evaluate evolutionary patterns 
in studies with high acuity (minimum of 
time per sample) and low completeness, 
unless the investigators document where 
the breaks occur in the sequence, and 
attempt to sample between the gaps. In so 
doing, a procedural trade-off is made by 
decreasing the scope of the sampled 


Temporal resolution achieved in seven published microstratigraphical studies, evaluated with three criteria 
defined in the text 





Strati- %Strati- 

graphical Sample Microstra- Time graphical 

thick- Temporal thick- tigraphical represented complete- 

Subject (ref.) ness(m) scope(Myr) ness(m)  acuity(yr) (yr) ness 
Eocene mammals (9) $26 3.5 10 4,000 980,000 28 
Permian forams (10) 200 12 «I 600 $00,000 4 
Neogene radiolaria (11) 5 1.9 «0.01 40 35,000 2 
Neogene forams (12) 200 8.3 0.02 80 1,700,000 23 
Jurassic ammonites (13) 14 I+ «0.01 (e) 40 (e) 28,000 3 
Pennsylvanian snails (14) 1,300 (a) 27 «l0 5,0900 9,300,000 34 
10(b) (Skyr?) «0.1 50 (5,000?) (100?) 

Phio-Picistocene molluscs (15) 265 (c) 0.4 0.25 170 180,000 45 
tigdd) =, Qi 0.25 176 73,000 73 


Stratigraphical thickness, temporal scope and sample thickness are taken directly from original studies. 
Microstratigraphical acuity was calculated by doubling each sample thickness to correct for compaction, 
then dividing by a short-term accumulation rate for uncompacted sediment in that environment estimated 
from compilation of rates by Schindel °; these rates were based arbitrarily on 100 yr periods of observation, 
and therefore assumed that samples contained gaps no greater than 100 yr. Time represented was estimated 
by doubling the stratigraphical thickness to compensate for compaction, and dividing by the sedimentation 
rate appropriate for that environment and the level of sampling acuity, giving the time represented by each 
entire sequence if it contained gaps no greater than the time span of a sample. Completeness is the 
percentage of the temporal scope represented by active sediment accumulation at this level of sampling 
resolution. Note trade-off between scope, acuity and completeness. 

(a) Among-cycle study spanning Middle and Upper Pennsylvanian time. 

(b) Within-cycle study of a single mudstone interval in the Middle Pennsylvanian. The interval is entirely 
within a single fossil zone, so temporal scope and completeness cannot be estimated by independent 


evidence, indicated by (7). 
{c) Entire Koobi Fora Formation. 
(d) Lower Member, Koobi Fora Formation. 


{e) Many samples were collected from bedding planes, and are probably time-averaged attritional 
asscniblages. Estimates presented assume Icm sample thickness within which breaks are not found. 
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interval, within which acuity and 
completeness can remain high. This seems 
to be the case for the study by 
Williamson!*, and the within-cycle 
sampling by Schindel'*. The patterns 
distilled from these relatively short, 
complete sequences can be read directly, 
and can be calibrated in years using short- 
term sedimentation rates. Without specific 
knowledge of where the breaks are located 
it is difficult to judge whether the other 
documented evolutionary patterns are gap- 
filled (and therefore may be artefacts of 
varying sediment input), or if they are 
relatively gap free, with the unrepresented 
time concentrated above and below the 
critical sampled portions of the sequences. 

The debate over tempo and mode should 
proceed beyond the stage of arguing, in 
terms of generations, how fast is fast, and 
how slow is slow. It seems possible to 
estimate the quality of local stratigraphical 
sequences and the level of sampling acuity 
achieved in each. The gaps in the stratigra- 
phical record are neither scattered so 
randomly nor hidden so well as to render 
the entire fossil record useless. I would 
therefore replace van Andel’s * counsel of 
despair with a call for caution in sampling, 
and greater awareness among pal- 
aeontologists to the progress being made in 
genetic stratigraphy and facies analysis. 

One other point emerges from this 
treatment of the gaps in the record. Most 
sedimentological breaks reflect changes in 
physical environmental conditions (water 
depth and current regime, sediment influx, 
carbonate productivity). Certainly, when 
one considers the large proportion of 
unrepresented time in the studies reviewed 
here, it seems very likely that changes in 
habitat conditions are scattered 
throughout stratigraphical sections. For 
this reason alone, one might question the 
wisdom of extrapolating the generation-to- 
generation processes witnessed by 
biologists (primarily during periods of 
stable conditions) up to geological time 
spans. 

Contrary to a recently expressed* and 
commonly held opinion, the debate 
between the punctuated and gradual view- 
points is not an argument over rates of 
change, but an argument over the 
persistence of rates. Many biologists 
assume that the generation-to-generation 
microevolutionary processes they witness 
are typical short segments of trends that 
persist through geological time. Using this 
assumption, morphological stasis can be 
explained as the result of persistent 
stabilizing selection, and gradual trends in 
size or shape would result from sustained 
directional selection. But the present treat- 
ment of the gaps in the fossil record calls 
into question this assumption of persistent 
rates, stable environmental conditions and 
sustained selective regimes. Stasis may 
result if directional trends are short-lived 
and frequently reversed. Long-term trends 
may be processions of morphologically 
distinct and separate populations; rather 
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than gradual modifications within a single 
standing population. 

I do not question the reality of short- 
term directional changes, but I point out 
the evidence that abounds in the fossil 
record for habitat shifts, local extinctions 
and the general lack of persistence in 
physical conditions. One might assume 
that changes in physical habitat conditions 
occur slowly and imperceptibly, allowing 
any particular biota to migrate passively 
within geographical limits of the moving 
habitat. But this view would be an intuitive 
notion, not a proven point. The effect of 
habitat shifts on populations over 
geological time remains an open question. 
Microevolutionary processes probably 
operate within the constraints imposed by 
higher-order processes, which define the 
distribution and duration of habitable area 


The age of galaxies 


from M. G. Edmunds 


ALTHOUGH it has become apparent in 
recent years that there are quite a few 
observational constraints on cosmological 
models, it remains true that facts in 
cosmology are rare. Any new information 
must be greeted with delight, and two 
recent investigations of time and distance 
scales in the Universe are particularly 
welcome. 

The observational evidence for the 
evolution of galaxies over cosmic time 
dates back to the interpretation of radio 
source counts. Subsequently the so-called 
‘luminosity-volume’ test was applied with 
considerable success to suitable samples of 
quasars, and it was concluded (well 


reviewed by J.V. Wall in Phil. Trans. R.. 


Soc. A296, 367; 1980) that very active 
objects like quasars and radio galaxies were 
far more numerous in the past. It is not 
Suggested that these sources have now 
completely disappeared, but rather that 
many galaxies which are comparatively 
quiescent at the present time must have 
been much more active at earlier times. The 
general indications are that the effective 
number of certain kinds of sources was 
greater by a factor of perhaps 1,000 when 
we look back to redshifts between | and 3 
(corresponding to about 1/3 to 1/5 of the 
present age of the Universe, assuming a 
standard expansion model with fairly low 
overall density of matter). 

It has been realized for several years that 
back beyond a redshift of 3 there may well 
be no further increase in source numbers, 
but the observational problems of carrying 
out a survey for objects that far away are 
severe. A significant step backwards (if 
that is not an impolite way of describing the 
work!) has been made by P.S. Osmer 
(Astrophys. J. 253, 28; 1982). He has 
searched systematically for quasars with 
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available to organisms. The gaps in the 
record suggest that these processes 
disengage the short-term fate of 
individuals from the longer-term fate of 
populations, species and higher taxa. C) 
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redshifts greater than 3.5 (that is, looking 
back beyond 1/5 of the age of the Universe) 
in an area of 5 square degrees in the sky by 
using a special spectrum disperser in front 
of photographic plates. The disperser, a 
grating prism, stretches out the images of 
stars and galaxies into small spectra of just 
sufficient resolution to allow possible 
quasars to be identified by their strong 
emission lines. These faint quasar candi- 
dates were then examined at higher 
resolution with a conventional telescope/ 
spectrograph combination. No quasars 
were found in the search area between red- 
shifts 3.7 and 4.7 (the limit of the tech- 
nique). Of course the survey has a faintness 
limit, but previous work in the redshift 
interval 2.5-3.5 suggests that at least nine 
quasars should have been discovered even 
if the space density of objects were 
constant beyond redshift 3.5. The fact that 
none was found implies that the density 
must decrease significantly. The lack of 
quasars in this particular area of sky could 
be attributed to a chance fluctuation in 
spatial distribution, but if we assume a 
Poisson distribution on the sky, then for an 
expected number of nine objects in the 
area, the variance is nine and the detection 
of none is a very highly significant result! 
The importance of the definite demon- 
stration of a decrease in space density lies in 
the implication that violent activity in 
galaxies starts at a time corresponding to 
around redshift 3.5. Since the activity 
requires a galaxy we can conclude that 
galaxies must exist at that time. Further- 
more, as activity is thought to begin fairly 
rapidly after the actual formation of the 
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galaxy as a discrete entity of stars and gas, it 
can be argued that we are seeing back tothe 
epoch (about 1/5 of the age of the 
Universe) at which galaxies form. 

Despite his careful area-limited search, 
Osmer must have been disappointed that 
he did not beat the record for the largest 
redshift discovered, set at 3.53 about a 
decade ago. It is perhaps a little ironic that 
very soon after Osmer’s paper was 
published, a press release appeared from 
workers in Australia (B. Peterson, A. 
Savage, D. Jauncy and A. Wright), 
reporting that optical spectroscopy of the 
radio source PKS2000 ~ 330 shows that it is 
a quasar with redshift 3.78. This in no way 
vitiates Osmer’s result, since it is not at all 
surprising that there are some quasars 
beyond redshift 3.5 — but there are not 
very many of them. 

How long ago, in real terms, was this 
epoch of quasar and, by inference, galaxy 
formation? The expansion time scale of the 
Universe has been a controversial issue for 
many years, the uncertainty arising from 
the great difficulties of accurately 
measuring distance in astronomy. The con- 
ventional chain of reasoning is a long and 
indirect one, passing from the parallax 
measurements of the nearest stars, out to 
various size and brightness indicators in 
galaxies of known redshift. The number 
determined observationally is the Hubble 
constant, H,, and the two major deter- 
minations of its value are either 50 km s~! 
Mpc™ or 100 km s! Mpe, depending on 
whether the Universe is viewed from 
California or Texas. The pragmatic 
astronomer might be tempted to take a 
mean value between the two, and some 
support for this approach comes from a 
recent determination of the distance to 
supernova explosions in distant galaxies by 
W.D. Arnett (Astrophys. J. 254, 1; 1982). 
The extreme brightness of supernovae 
makes them ideal probes of distance and 
although distance estimates have been 
attempted before, using kinematic models 
of their expansion, this is the first time that 
a dynamical model for type I supernovae 
has been used. The model ts admittedly 
very simplified, and aims at estimating the 
intrinsic brightness of the supernova on the 
basis that the luminous energy is supplied 
by radioactive decay of **Ni, freshly syn- 
thesized in the explosion. The distance can 
then be inferred from the supernova’s 
apparent brightness. From a set of super- 
novae in several clusters of galaxies, a value 
for H, of 70+10 is deduced, which lies 
nicely between the disputed values. The 
implied age of the Universe is then about 
thirteen billion years, again assuming a 
fairly low mass density. Arnett stresses that 
his value for H, should not yet be taken too 
literally, since there are many refinements 
to his simple supernova model that need 
investigation. Nevertheless, the age of 
galaxies would then be of the order of tento 
eleven billion years, an acceptable time 
scale compared with present estimates of 
the ages of some star clusters in the Galaxy, 
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and the age estimates based on com- 
parative abundances of radioactive nuclei. 
This would at least avoid the problems 
created by the higher value of H, of 
100 km s? Mpc, which suggests a 
Universe age of nine billion years com- 


pared with star cluster ages which are 
estimated to be in excess. of ‘ten billion 
years. The lower value of 50 km s~! Mpc7! 
cannot be ruled out, although the age of 
galaxies (following Osmer’s result) would 
have to be at least 14.5 billion years. E 


150th anniversary of Gauss’s 
first absolute magnetic measurement 


from S.R.C. Malin and D.R. Barraclough 


ON 26 May 1832, the horizontal 
component of the Earth’s magnetic field at 
Göttingen was 1.7820 mg’ mm-“s"! 
(= 17,820 nT). Not particularly remark- 
able, you might think, except that this was 
the first ever absolute measurement of the 
geomagnetic field and its attainment had 
required : much of the armoury of one of the 
world’s greatest mathematicians. 

‘Carl Friedrich Gauss (1777-1855) was a 
ted ch ild. His early mathematical feats 
sa erasers to agree with his 







philology. twas s the acai action he derived 
in 1796 from demonstrating the con- 
struction of a regular 17-sided polygon 
with ruler and compasses that finally 
decided him on a career in mathemtics. In 
his ‘doctoral thesis, he proved the 
‘fundamental theorem of algebra’ (the first 
of his four independent proofs of this 
theorem), and most of his work at this time 
was similarly concerned with pure 
mathematics. Although this continued to 
be his main interest, he gradually branched 
out into many other subjects, including 
applied mathematics, astronomy, geodesy, 
optics, telegraphy and geomagnetism. 

Soon after 1830, Gauss became in- 
terested in the adoption of a universal 
system of units for all physical quantities, 
and came to the remarkable conclusion 
that even magnetic intensity could be 
measured in terms of mass, length and 
time. With the practical assistance of 
Wilhelm Weber, professor of physics in the 
University of Göttingen, he set about 
devising an experiment to make this 
measurement. He explains some of his 
ideas in a letter to the astronomer Olbers 
written on 18 February 1832. 


“L occupy myself now with the Earth’s 
magnetism, particularly with an absolute 
determination of its intensity. Friend Weber 
conducts the experiments on my instructions, 
As, for example, a clear concept of velocity can 
be given only through statements on time and 
space, $0 in my opinion, the complete 
determination of the intensity of the Earth’s 
magnetism requires to specify (1) a weight= p, 
(2) a length =r, and then the Earth’s magnetism 
can be expressed by /p/r.”’ 


The experiment came to fruition three 
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months later, after Gauss had slightly 
revised his dimensional arguments. The 
apparatus required is very simple — two 
bar magnets (A and B), one single-filament 
suspension in which either magnet can be 
fitted, aruler, aclock and two weights. The 
method is also simple, though a number of 
refinements are required if its full accuracy 
is to be realized. The first part is the 
vibration experiment in which magnet A is 
suspended horizontally, and its period of 
oscillation either side of magnetic north 
measured. The period T is related to the 
magnet’s moment of inertia, /, its magnetic 
moment, M, and the horizontal intensity of 
the geomagnetic field, H, by 





Thus, if J is known, we can infer M H. 
Gauss deduced / by adding known 
increments to it in the form of weights at 
known distances from the suspension, and 
noting how this affected T. In calculating / 
from the several different values of T and 
Al, Gauss used a powerful technique 
which he had developed himself, the 
method of least squares. He also took care 
to adjust T to the value it would attain with 
vibrations of infinitesimal amplitude, as 
the equation is strictly valid only for that 
case. 

The second part is the deflection 
experiment in which the ratio M/H is 
determined by suspending magnet B-and 
noting its angular deflection from 
magnetic north when magnet A is placed at 
a known distance to the east or west. This 
requires a knowledge of the way in which 
the magnetic intensity due to a bar magnet 
falls off with distance. Gauss deduced this 
from first principles, showing not only that 
the intensity due to a dipole depends on the 
inverse cube of the distance, but also that. 
one additional term is both necessary and 
sufficient to allow for the finite length of 
the bar magnet. He determined the 
parameters by measuring the deflection 
with magnet A at different distances, again 
solving by the method of least squares. 

From a knowledge of M H and M/H, 
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both M and H can readily be deduced. 
Because of secular change, itis difficult 
to assess the accuracy of Gauss’s original 
observation but, from internal consistency 
and backward extrapolation of the trend 
from later observations, it seems likely that 
it was within one per cent of the true value. 
With only minor modifications, Gauss’s 
method continued to be the standard way 
of measuring H at magnetic observatories 
and in the field until the 1920s, and it is still 
in use at some observatories. Nowadays, 
absolute magnetic intensity measurements 
are usually made with a proton magneto- 
meter. This gives the answer to an accuracy 
of about | part in 10° in a few seconds. 
This was not Gauss’s only contribution 
to geomagnetism. He later applied yet 
another of his inventions, the method of 
spherical harmonic analysis, to the Earth’s 
magnetic field to show that nearly all of it 
came from inside the Earth. He was also, 
with Humboldt, largely responsible for the 
‘Gottingen Magnetic Union’, an inter- 
national project for the simultaneous 
observation of the magnetic field on four 
selected term-days each year at a number of 
widespread sites. This scheme developed 
into the worldwide network of magnetic 
observatories that exists today. A 


ae 





Gauss’s experiment. (a) The vibration ex- 
periment. The magnet, A, suspended by a 
silk thread, F, oscillates in a horizontal 
plane. Its moment of inertia can be varied 
by hanging weights, W, from the rod, R. 
The period of oscillation is obtained by 
observing the reflection of the scale, S, in 
mirror M, through the telescope, T, and 
timing an integral number of swings with 
the clock, C. (b) The deflection experi- 
ment. Magnet B is suspended and is 


defiected from magnetic north by placing 

magnet A at a known distance. The deflec- 

tion is measured by observing the reflec- 

tion of the scale, S, in mirror M, through 
the telescope, T. 
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Cause and treatment of atherosclerosis 


from C.T. Dollery 


The most common cause of death in 
developed countries is necrosis of heart 
muscle (myocardial infarction) resulting 
from obstruction of the arterial blood 
supply. The affected artery is usually 
narrowed by a plaque of atheroma. Two 
main hypotheses have been proposed for 
the origin of the atheroma, and although 
they are not mutually exclusive, as became 
clear at a recent symposium*, each tends to 
have its particular supporters. 

The first hypothesis holds that plasma 
lipids diffuse into and are deposited in the 
arterial wall, and receives support from 
epidemiological evidence that relates levels 
of blood lipids in younger people to inci- 
dence of atheroma. The second hypothesis 
is that focal damage to the endothelium 
leads to deposition of platelets from the 
blood, release of platelet-derived growth 
factor and stimulation of smooth muscle 
migration and hypertrophy. The laminated 
appearance of many atheromatous 
deposits, suggesting successive deposition 
of thrombus, and the presence of platelet 
antigens in the plaques provide supporting 
evidence. 

In plasma, lipid particles consist of a 
core of neutral lipid surrounded by protein 
(the apolipoprotein). A.M. Gotto (Baylor 
College of Medicine) likened the apolipo- 
protein to a detergent that solubilizes the 
lipid and put forward the ‘iconoclastic’ 
opinion that the apolipoproteins are more 
important than the lipids in understanding 
lipid transport and metabolism. 

There are five classes of apolipoprotein 
(A-E) and many subclasses, and the 
apolipoproteins E have recently been 
sequenced. When the arginine residue ts 
replaced at position 112 in apolipoprotein 
E,, the molecule is not recognized by the 
lipoprotein E receptor. Homozygous 
inheritance of this E, deficiency can lead to 
type 3 hyperlipidaemia. 

Lipoprotein receptors on cell 
membranes regulate entry of lipids into 
cells, are a target for specific lipoproteins 
and regulate the plasma lipoprotein con- 
centrations. The best studied hpoprotein 
receptor is the low-density lipoprotein 
(LDL) receptor whose absence is 
responsible for familial hyper- 
cholesterolaemia. T.P. Bersot (University 
of California, San Francisco) showed that 
this receptor interacts with apolipoproteins 
B and E (Apo-B is the main apolipoprotein 
found in LDL whereas E is found in very 
low-density and high-density 
lipoproteins). The Apo-B/E receptor has a 
molecular weight of about 106,000, 
requires the presence of divalent cations 
and is inactivated by pronase. 


"The Biologival Council symposnim on ‘Atherosclerosis: 
Mechanisms and Approaches to Therapy’ was held at the 
Imperial College of Science and Technology, London, on Seb 
April 1982. 


A key difficulty in clinical research 1s 
assessing the amount of atheroma in a 
living human artery. D.H. Blankenhorn 
(University of Southern California) is using 
angiograms of the femoral and coronary 
arteries and computer image processing 
techniques. The centre line of the vessel is 
established and variations of wall distance 
at multiple transverse sections measured. 
The method has proved successful in 
postmortem material and is now being used 
in vitro to assess response to lipid-lowering 
agents. He was hopeful that the method 
could be applied to intravenous, rather 
than arterial, injections of radiographic 
contrast material to permit more frequent 
measurements. Radiological methods may 
be replaced by ultrasound in the not so 
distant future. 

Lipid-lowering drugs (clofibrate, 
cholestyramine, nicotinic acid) have been 
found to be almost uniformly ineffective in 
reducing myocardial infarction mortality. 
In the WHO-sponsored clofibrate trial 
coordinated by M. Oliver (University of 
Edinburgh), there had been a reduction in 
non-fatal myocardial infarcts (none in fatal 
ones) but the overall mortality had been 
significantly greater in the treated group. 
The most effective anti-thrombotic drugs 
so far used had been the coumarin anti- 
coagulants which had reduced mortality by 
about 20 per cent compared with placebo. 
Anticoagulants were almost discarded in 
the UK in the early 1970s but use has 
continued in the Netherlands (A.S. 
Douglas, University of Aberdeen). A 
recent randomized trial of withdrawal of 
long-term anticoagulant therapy in that 
country showed a higher mortality in those 
who stopped therapy than in those who 
continued therapy. Trials with anti-platelet 
drugs (aspirin, dipyridamole, sulphin- 
pyrazone) had shown a smaller effect. The 
largest trial with aspirin had shown no 
benefit and the interpretation of one of the 
sulphinpyrazone trials was hotly contested. 
Overall these drugs had reduced 
myocardial infarction mortality by about 
10-15 per cent. Four recent positive trials 
with f-adrenergic blockade, which had 
shown a reduction of 25-33 per cent in 
mortality during the first three years after a 
myocardial infarct, were mentioned only 
briefly. The speakers would not be drawn 
into a discussion of why myocardial 
infarction mortality has declined sub- 
stantially in the USA but only very slightly 
in the UK. When asked whether we should 
all start jogging, restrict saturated fat 
intake, stop smoking and treat mild hyper- 
tension (or await better evidence of 
efficacy), one of the Americans said that 
we probably should, and quoted Irvine 
Page’s aphorism “I don't want to be the 
smartest man in the graveyard’’. 

The last session was concerned with 
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platelet function and the role of prosta- 
glandins in vascular disease. Platelet plugs 
form very rapidly when small vessels are 
ruptured and platelet adhesion and aggre- 
gation is usually the first step in arterial 
thrombosis. At least three different 
mechanisms are responsible for platelet 
aggregation — contact with collagen, 
release of ADP and release of the arachi- 
donic acid endoperoxide product throm- 
boxane A, (TXA,). TXA,, released from 
platelets and damaged tissues, has received 
much attention recently but G. Born 
(King’s College, London) reported experi- 
ments on bleeding time from punctures 
made in small mesenteric vessles which 
support a major role for ADP. The 
question is important as great efforts are 
being made to develop inhibitors or anta- 
gonists of TXA,. 

PGI, (prostacyclin) has attracted great 
interest because it is formed by the endo- 
thelium of blood vessels and is a powerful 
inhibitor of platelet aggregation. S. 
Moncada (Wellcome Research 
Laboratories) suggested that its physio- 
logical role is to prevent interactions 
between platelets and the blood vessel wall. 
PGI, interacts with a receptor on platelets 
which raises the level of cyclic AMP, makes 
them less aggregable and inhibits the 
exposure of fibrinogen receptors on their 
surface. Moncada was optimistic of the 
usefulness of PGL, in preventing clotting in 
extracorporeal circulations (cardio- 
pulmonary bypass, charcoal column 
haemoperfusion, renal dialysis), in platelet 
consumption coagulopathies (haemolytic 
uraemic syndrome) and in peripheral 
vascular disease (gangrene of the lower 
extremities, Raynauds phenomenon). 
Others agreed about the value of PGI, asa 
heparin-sparing agent in extracorporeal 
circulations but contested its value in 
peripheral vascular disease. 

C.T. Dollery (Royal Postgraduate 
Medical School, London) described a new 
method for measuring plasma 6-oxo-PGF, 
the hydrolysis product of PGI,, which uses 
gas chromatography-negative ion chemical 
ionization mass spectrometry and has a 
sensitivity limit of 500 pg ml!. The con- 
centrations he measured in venepuncture 
samples. from normal humans were very 
low, averaging 1.2 pg mi? , and were almost 
certainly too low for PGI, to havea physio- 
logical role in the normal circulation. Large 
amounts of PGI, produced by isolated 
tissues and perfused organs are caused by 
the injury involved in their preparation. 
However, PGI, was released in substantial 
quantities in vivo as a result of trauma 
caused by passing vascular catheters in man 
or dog and by infusions of hypertonic 
dextrose into a human forearm vein. He 
proposed that PGI, released from 
damaged endothelial cells prevented the 
propagation of the luminal face of a plate- 
let clot in a puncutured vessel and inhibited 
C.T. Dollery is Professor at the Royal 
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platelet aggregation in a vessel that had 
been damaged but not severed. Possible 
application of this theory to atheroma 
depended on the frequency and 
importance of focal damage to arterial 
endothelium in vivo. 

The symposium left mixed impressions. 
Animal and human studies on the patho- 
genesis of atheroma seem to be making 
only slow progress. Much of the difficulty 
arises from the unsatisfactory nature of the 
animal models and the difficulty of study- 
ing a process in man which progresses over 
decades. In contrast, lipid biochemistry 
and pharmacology are making important 
discoveries and eventually this basic know- 
ledge should yield dividends in new forms 
of therapy. The problem is when, as there 
appears to be nothing of great promise on 


The nuclear pore — a 


from N. Michael Green 


THE double membrane surrounding the 
nucleus is penetrated by nuclear pore 
complexes, recognized from the early days 
of electron microscopy as large structures 
(1,200 in diameter) with a striking 
eightfold rotational symmetry (reviewed 
by J.R. Harris in Electron Microscopy of 
Proteins Vol. 1, Academic, New York, 
1981). Although they are referred to as 
pores, the channel is usually filled 
with a dense plug. The general features 
of the complex have long been recognized 
but higher resolution has been prevented 
by the lability of the structure, which is 
readily distorted by the processing required 
N. Michael Green is in the National Institute for 
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the immediate horizon. New methods of 
measuring plaque regression will make 
early human studies feasible but very pro- 
longed outcome trials will still be needed. 
The general gloom about the immediate 
prospects for development of therapeutic 
agents can be summed up by two quotes 
from the discussion ‘*May the risk of con- 
trolling risk be greater than the risk itself?” 
and ‘You can be sure that a new treatment 
will do someone harm. You cannot be sure, 
until you do a large-scale clinical trial, that 
it will do anyone any good’’. Your 
correspondent was excited by the new 
developments in biochemistry and 
pharmacology of both the lipoproteins in 
the blood and the fatty acids in cell mem- 
branes and hopes these pessimistic views 
are wrong. 


biological grommet? 


for microscopy. New information has 
now emerged in a paper by Unwin and 
Milligan (J. Cell Biol. 93, 63; 1982). They 
used the favoured nuclear envelope of the 
Xenopus oocyte, which contains such a 
high density of pores that they tend to form 
tetragonal arrays. The topology of such an 
array is similar to that of the intercellular 
gap junction, but whereas the latter shows 
a regular lattice stabilized by protein 
interactions, the pores in the nuclear 
envelope remain distinct and appear to 
have rotational freedom in the paired lipid 
bilayers. Nevertheless, the close packing 
provides mutual support and minimizes 
distortion caused by drying in the negative 
Stain (either uranyl acetate or gold 
thioglucose). 


Left: Detached pore complexes 
released onto the microscope 
grid from a nuclear envelope 
immersed in low salt medium 
containing Triton X-100. 
A,B,C and D refer to images 
from which projection maps 
were obtained. 


Right: Diagram of the nuclear pore 
complex: (A) in central cross-section and 
(B) in projection down the octad axis. The 
major constituents are the central plug (C) 
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The most revealing pictures were 
obtained by allowing the nuclear envelope 
to adhere to hydrophilic, polylysine- 
treated carbon film and then washing 
either with high salt or with 0.1 per cent 
Triton X-100. This released both the intact 
complexes and various substructures, 
which adhered to the film in the 
neighbourhood of the original envelope. 
The following constituents were observed: 
(1) low-contrast rings with an internal 
diameter of 800 A and an external diameter 
of 1,200 A; (2) a dense central plug of 
diameter 370 A; (3) eight particles of 
diameter 220A, possibly ribosomes, bound 
to the rings, enhancing their eightfold 
symmetry, and (4) broad radial spokes 
which in some way link the plug to the 
rings. Deciphering the three-dimensional 
Organization of these components was 
greatly aided by occasional oblique and 
edgewise views of the complex, from which 
maximum information was obtained by 
examining the specimen at various angles 
on the tilting stage. Individual images, 
edgewise or en face, were analysed by 
numerical Fourier methods to give an 
accurate radial density distribution and an 
approximate distribution perpendicular to 
the membrane. 

Because of the restriction to single 
images, rather than a regular array, and the 
problems of specimen preservation, the 
resolution was limited to 90 
Nevertheless, a fascinating picture 
emerges. The pore structure is basically a 
three-layered sandwich of a disk between 
two thin rings. The disk, consisting of a 
central plug and eight broad spokes, is 
suspended between the rings by slender 
extensions of the spokes. Each ring is 
coplanar with one half of the double 
membrane. Within the outer circum- 
ference of each ring the membranes 
approach each other, following the 


cytoplasm 





nucleus 














f w 
the spokes (S) and the rings (R). The nuclear e 
membrane and the ribosome (P) are shown 
as dashed lines. 
| 
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direction of the connecting strands until 
they fuse in the mid-line around the 
periphery of the spokes, at a diameter of 
1,000 This interpretation of the 
structure implies that there are no 
transmembrane proteins in the usual sense; 
the proteins of the pore complex merely 
provide a grommet which stabilizes the 
hole formed by local fusion of the paired 
membranes. The eight ‘ribosomal’ 
particles were attached only to the 
cytoplasmic face of the grommet. These 
particles were readily removable by high 
salt or EDTA, leaving a structure which at 
this resolution had eight twofold symmetry 
axes at right angles to the main eightfold 
axis. 

These findings provoke many further 
questions about both the structure and 
function of the pore complex. It has long 
been known that the nuclear membrane is 
freely permeable to ions and small 
metabolites and that even molecules as 
large as about 90 A in diameter can pass 
across with littl hindrance. This is 
consistent with the structure proposed by 
Unwin and Milligan, but it is less easy to see 
how ribosomal particles (200 in 
diameter), assembled in the nucleus, 
manage to pass through the pore. It is 
possible that this process may be energy 








dependent and that some movement of 
plug or spokes is involved. Further 
structural questions concern the proteins 
which form the pore structure. Earlier 
work by Krohne, Franke and Scheer (Exp/ 
Cell Res. 116, 85; 1978) has shown only two 
major components (MW 73,000 to 
150,000) in purified pore complexes, 
together with several minor components. It 
should be possible to determine the 
location of at least the major constituents 
by immunological methods. Beyond this 
there is the problem of how the assembly of 
such large structures is controlled. From 
the dimensions it can be calculated that 
each of the major constituents (plugs, rings 
and spoke assembly) must contain several 
hundred molecules of their constituent 
protein subunits, giving them ‘molecular 
weights’ of 20-40 million. There is no way 
in which so many identical building blocks 
will assemble spontaneously into a precise 
limited structure without some guiding 
activity by the minor protein constituents 
or other cellular components. 

These provocative developments 
provide an interesting example of the 
information which can be extracted from 
electron micrographs by modern image 
processing methods, even in the absence of 
extensive repeating structures. 1 


A novel gene splice in phage Mu 


from Neville Symonds 


GENE expression is usually thought of 
as being controlled through the action 
of proteins, such as repressors and 
effectors. Recently, a different mode of 
control has been reported whereby inactive 
genes are relocated by some type of 
recombination process to new sites where 
transcription takes place. Examples of 
recombinational control are mating type in 
yeast (Leupold Nature 283, 811; 1980), 
phase variation in Salmonella (Zieg & 
Simon Proc. natn. Acad. Sci. U.S.A. 77, 
4196; 1980) and host range in phage Mu 
(Van de Putte etal. Nature 286, 218; 1980). 
The last example refers to the unexpected 
finding that two types of Mu phage can be 
detected which differ with regard to the 
bacteria they can infect. The difference in 
host specificity is correlated with the two 
possible orientations observed in the G 
region of Mu, an invertible segment of 
about 3,000 base pairs. With G in one 
orientation, designated (+), Mu phage can 
adsorb to one set of hosts, which includes 
Escherichia coli K12; in the other 
orientation, (-), the phage adsorb to a 
different set, including certain Citrobacter 
and Shigella strains. How does the 
oscillation in G orientation bring about 
alterations in host specificity? 

In general terms the answer to this 
question has been known for some time. 
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With G in the (+) orientation, two Mu 
genes, S and U, which code for tail fibres 
and enable the phage to adsorb to certain 
hosts, are expressed; in the (-) orientation 
two alternative genes, S and U’, are 
expressed, so the host range ts altered. The 
actual genetic mechanism by which this 
switch is accomplished has, however, only 
now been elucidated and is described by 
Giphart-Gassler and co-workers in this 
issue Of Nature (p.339). 

The intriguing point to the story is that, 
in a manner somewhat reminiscent of that 
used to create diversity among im- 
munoglobulins, the variation between the 
Sand S genes is brought about by joining a 
constant DNA sequence, S, adjacent to G 
with either of two different sequences S, 
or S, located within G. In the (+) 
Orientation, transcription starts at a 
promoter site outside G, proceeds through 
S, and S,, and then through the adjacent U 
gene which hies wholly within G. Tail fibres 
corresponding to S and U are therefore 
produced. In the (-) orientation the 
situation is reversed, the reading being in 
the order S.+ S, U‘, so that S` and U’ tail 
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fibres are made but not those corres- 
ponding to $ and U. 

The recombinational control which 
underlies the three examples mentioned 
above and is exemplified by the variation in 
host range of Mu is fundamentally 
different from control of protein synthesis 
by positive and negative feedback circuits. 
Such circuits are able to modulate the 
activity of genes and, in the extreme case, 
turn them off completely. Recom- 
binational control, on the other hand, 
introduces a two-way switch into these 
circuits, allowing alternative pathways to 
be introduced into the system. This added 
flexibility is useful when only one of two 
possible phenotypes can be tolerated at a 
particular time. It is well known from 
experiments involving mixed infection of 
cells with wild-type phage and host-range 
phage mutants that progeny particles 
which receive a mixed complement of tail 
fibres acquired from different parents have 
the worst of all worlds, not being able to 
adsorb properly to any of the usual hosts. 
If the host range of a phage, such as Mu, is 
to be extended by providing two distinct 
sets of tail fibres, then it is clearly 
advantageous that only one set or the other 
should be synthesized at any stage — a two- 
way switch is therefore appropriate. 

The precise recombinational mechanism 
by which the switch between mating types is 
instituted in yeast, where some type of gene 
conversion seems to occur, is different 
from the inversion systems used to bring 
about phase variation in Salmonella or the 
alternation in host range shown by Mu (and 
also by phage P where a closely related 
system operates). All these inversion 
switches use site-specific recombination 
systems which act on the short inverted 
repeats at either end of the relevant 
inverted region, and which are catalysed by 
genes immediately adjacent to it. 
Surprisingly, although the invertible 
regions in Salmonella and Mu are quite 
distinct, there is some sequence homology 
between their inverted repeats. The gin 
gene which mediates G inversion and the 
hin gene mediating inversion in Salmonella 
can complement each other (Szekely & 
Simon J. Bact, 148, 829; 1981). The known 
recombinational switches of the inversion 
type therefore ali seem to stem from some 
common origin. Another evolutionary 
oddity of the G system is that the 
emergence of two kinds of Mu phage with 
different host ranges would be expected to 
lead to an increase in the number of 
bacterial strains which harbour Mu 
prophage. However only the original Mu 
isolate detected in £. coli K12 has ever been 
reported. Whatever the reason for this, the 
whole of the G region has been preserved in 
the Mu phage we have, even though within 
K12 strains part of the region (and the gin 
gene) could easily be deleted and the phage 
locked in the (+) orientation. Perhaps 
there is still another twist to come in the G 
story by which G and gin are implicated in 
some other aspect of the Mu life cycle. | 
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Active genes are packaged into an altered nucleosome structure forming a chromosomal domain 
defined by increased sensitivity to nucleases. This structure, reflecting a potential for transcription, 
contains sites hypersensitive to nuclease digestion adjacent to the coding regions and may also be 
distinguished by specific non-histone proteins, variant or modified histones or modified DNA. Its 
formation, by unfolding of a tightly packed chromatin fibre by factors which might affect DNA 
supercoiling, may be the first step in gene activation. 
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REGULATION of gene expression is a fundamental mechanism 
in eukaryotic development and survival. The structure of the 
chromosome is directly related to this regulation since, for the 
most part, the DNA in the nucleus is compacted too tightly to 
2 av: lable to the transcriptional apparatus. Therefore the 
in structure of genes which are transcribed, approxi- 
te -20% of the total, has to be different from that of 
sulk of the DNA. Both the ‘housekeeping’ genes, those 
which are expressed in all cell types in the organism, and the 
genes which distinguish one cell type from another, exist in the 
active conformation. 

Studies on eukaryotic chromosomes have focused mainly on 
the basic unit of chromatin, the nucleosome, and on how the 
individual. nucleosomes are packed together. The existence, 
‘structure, and packaging of nucleosomes have been the subject 
of'a number of reviews’. Most of the evidence in these studies 

stems from electron microscopy, where a beaded chromatin 
fibre is observed, and enzymatic studies which reveal the 
existence of a repeating unit. The nucleosome consists of 146 
to 240 base pairs of DNA wrapped twice around a histone 
core, made up of two each of the four inner histones H2A, 
H2B, H3 and H4. A fifth histone, Hi, is also associated with 
the nucleosome but in a manner which is not clear. Extensive 
endonuclease digestion of chromatin produces a nucleosome 
core particle containing 146 base pairs of DNA and the histone 
core (but not H1), indicating that the heterogeneity of nucleo- 
some DNA length is due to variability in the length of DNA 
linking one nucleosome to the next. The digestion studies also 
suggest that histone Hi is associated with this ‘linker’ DNA. 

The nucleosome is also involved in the higher orders of 
structure that fold the DNA into the compact form found in 
the nucleus. The basic level of organization is the 100 A ‘beads- 
on-a-string’ fibre generated by folding of the internucleosomal 
linker DNA‘. This fibre is then coiled into a 300 A fibre, possibly 
induced by histone H1 as a crosslinker, to yield a structure with 
a packing ratio of 25:1, close to that of interphase chromatin’. 
To make a mitotic chromosome from the 300 A fibre a further 
two orders of magnitude of compaction are generated by specific 
nonhistone proteins which form the skeleton or scaffold of the 
chromosome’. Electron microscopy of histone-depleted meta- 
phase chromosomes has demonstrated that the DNA is organ- 
ized in loops at least 30-40 kilobases in length. Each loop of 
the chromatin is attached to the scaffold at its base, either by 
DNA-protein or DNA-RNA interactions’, and may exist in 
an expanded or a highly compacted conformation. 

A nucleosomal repeat structure does not distinguish between 
inactive and active genes. Thus the DNA sequence complexity 
of mononucleosomes is virtually indistinguishable from that of 

total DNA and they contain sequences corresponding to tran- 
scripionally active genes”. The nucleosome structure of active 
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genes has also been demonstrated by immuno-electron micro- 
scopy’. However, there are many ways in which the structure | 
of chromatin from actively transcribed genes could or does 
differ from that of non-transcribed regions; what is known of 
these differences will be summarized here. 


Nuclease digestion studies 


Evidence that chromatin from actively transcribed genes 


exhibits a structure different from that of non-transcribed 
regions stems from the use of relatively nonspecific endonu- 
cleases as probes in anticipation that they would recognize 
something special about active genes. Weintraub and 
Groudine’® have shown that the globin gene in chick erythrocyte 
nuclei is preferentially sensitive to digestion by pancreatic 
DNase I, but not to digestion by micrococcal nuclease. The 
resistance of the globin gene to micrococcal nuclease suggests 
that the globin gene is packaged into nucleosome-like particles; 
its sensitivity to DNase I indicates that these particles are 
conformationally different from most nucleosomes. The sensi- 
tivity of the globin gene to DNase I is tissue specific. Globin 
chromatin is preferentially digested in red blood cells, but not . 
in the oviduct; conversely, the ovalbumin gene is preferentially 
sensitive in the chick oviduct but not in red blood cells'’. 

The sensitivity to DNase I of actively transcribed genes seems | 
to be a general phenomenon'*”’*, but only reflects a potential 
for a gene to be transcribed rather than transcription itself. For 
example, the ovalbumin gene remains sensitive in the hormone- 
withdrawn chick oviduct’’, Physarum ribosomal DNA remains 
sensitive during mitosis when ribosomal RNA transcription is 
not detectable'” and the mouse globin gene exhibits the same 
sensitivity in induced (transcribed) as well as uninduced (non- 
transcribed) Friend ervthroleukaemia cells. The boundaries 
of the sensitive regions of chromatin are very precise, since in 
a hamster cell line transformed by adenovirus, only those 
adenovirus sequences that are transcribed are sensitive to 
DNase I while adjacent non-transcribed sequences are not 
sensitive” 

Using DNase II, an enzyme which cuts primarily between 
nucleosomes, Gottesfeld and Butler’® have shown that after 
chromatin is digested, nontranscribed nucleosomes can be 
selectively precipitated with 2mM Mg**. The DNA in the 
active, non-precipitated nucleosomes is enriched for sequences 
coding for messenger RNA. Surprisingly, the active nucleo- 
somes sedimented at 14S compared with 11S for bulk nucleo- 
somes. When treated with RNase, the 14S structure converts 
to 115, suggesting that the difference in S values can be 
attributed to the presence of nascent RNA chains. Other 
evidence ? confirms that this technique, as well as similar frac- 
tionation techniques using micrococcal nuclease”, will only 
separate actively transcribing genes and genes which are 
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transcribed at different rates might be represented in different 
proportions in the active fraction. Since these procedures do 
not result in the complete digestion of active sequences, they 
are potentially useful for investigating the properties of active 
nucleosomes, but unfortunately they have proven difficult to 
reproduce. 

Endonucleases have also been used to investigate higher 
order organization of active chromatin. A very light digestion 
of Drosophila nuclei by DNase I or micrococcal nuclease 
revealed preferential cleavage sites in a number of heat shock 
loci’. These hypersensitive sites were originally suggested to 
act as boundaries of a supranucleosomal structure, but sub- 
sequent analyses (see below) have placed them within the active 
domain. The overall sensitivity of specific genes and adjacent 
noncoding regions has been measured by monitoring the disap- 
pearance of specific restriction bands after a mild DNase I 
digestion of nuclei**"™*. In one case”, a 25 to 50 kilobase region 
adjacent to the highly DNase I-sensitive globin coding region 
in erythrocytes was characterized, distinguished by a level of 
DNase I sensitivity intermediate between that of an expressed 
and a totally inactive gene. It was postulated that this domain 
might be equivalent to a lampbrush loop, and the DNase I 
sensitivity an indication that it is in a relaxed rather than a 
condensed configuration. 


Proteins associated with active chromatin 


Once the nuclease digestion experiments had demonstrated 
that the conformation of active nucleosomes is different from 
that of bulk nucleosomes, it was logical to seek the structural 
basis of this difference. From monitoring the proteins released 
by DNase I digestion and the characteristics of the various 
enriched fractions the suggestion arose that the active structure 
is due to altered or modified histones and/or the presence of 
nonhistone chromatin proteins in the nucleosome. 

The nonhistone protein fraction most often detected associ- 
ated with active nucleosomes is that of the high mobility group 
(HMG). The characteristics of this group have recently been 
extensively reviewed*’. HMGs are highly conserved proteins 
with low molecular weight (<30,000), have an unusual amino 


Fig. 1 Reconstitution of DNase I 
sensitivity of the globin gene in 
14-day-old chick embryo red 
blood cells with 10% TCA-soluble 
HMG proteins. Chromatin was 
eluted with 0.35 M NaCl and sep- 
arated into several portions. One 
portion was reconstituted with the 
0.35 M NaCl eluate directly V); a 
second portion was reconstituted 
with 10% TCA-soluble fraction 
from the 0.35 M NaCl eluate con- 
taining mainly HMGs 14 and 17 
(C); a third portion was recon- 
stituted with the 0.35 M NaCl elu- 
ate previously treated with trypsin 
and then trypsin inhibitor (C); and 
a fourth portion was digested 
directly (V). Each portion was then 
treated with DNase I so that m 
10-15% of the DNA was ren- 8 
dered acid soluble. The DNA was 
then purified and hybridized to an 
excess of globin cDNA. As con- 
trols, nuclei treated to 35% 4 
acid solubility with micrococcal | on oe 
nuclease (MM) showed no preferen- 
tial digestion, whereas nuclei 
treated to 10% acid solubility with 
DNase I (@) showed a significant 
loss of globin sequences. Reconsti- 10 20 30 
tution with 0.35 M NaC] alone or 
with neutralized and dialysed 10% 
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acid composition containing approximately 25% basic and 30% 
acidic residues, and are easily eluted from chromatin in 0.35 M 
NaCl. They are present in amounts only approximately 5% of 
the nuclear DNA content and in, at most, 10-20% of the 
nucleosomes. They have been divided into two groups based 
on their solubility properties in trichloroacetic acid (TCA). 
HMGs 1 and 2 are soluble in 2% TCA but insoluble in 10% 
TCA; HMGs 14 and 17 are soluble in 10% TCA but insoluble 
in 20% TCA. The presence of HMGs in isolated mononucleo- 
somes has been demonstrated by several biochemical! 
means’ *". Furthermore, by the use of fluorescent antibodies, 
HMG-like proteins have been shown specifically to be associ- 
ated with the transcriptionally active puffs in salivary gland 
polytene chromosomes”’. 

Mononucleosomes enriched in nonhistone proteins have 
been prepared by limited digestion of nuclei with micrococcal 
nuclease*’*’, Levy-Wilson and her co-workers*”, for example, 
have shown that a fraction enriched in active sequences, pre- 
pared by mild micrococcal nuclease digestion of trout testes 
nuclei and 0.1 M NaCl sclubilization, is enriched in HMG T 
(analogous to HMGs 1 and 2), H6 (analogous to HMGs 14 
and 17) and ubiquitin, and is depleted in histone H1. Analyses 
of these HMG-containing nucleosomes suggested that H6 was 
preferentially bound to the histone core while HMG T was 
associated with the internucleosomal linker DNA. 

HMGs 14 and 17 can be eluted from chick erythrocyte 
chromatin with 0.35 M NaC] without any detectable change in 
the gross structure of individual nucleosomes; however, in this 
depleted chromatin the globin gene is no longer preferentially 
sensitive to digestion by DNase I°, Reconstitution of the dep- 
leted chromatin with either the entire 0.35 M NaCl fraction or 
purified HMGs 14 and 17 at a ratio of 1 mole HMG per 10 
moles of nucleosomes results in the successful reconstitution 
of DNase I sensitivity on the globin gene (Fig. 1)**. Further 
reconstitution studies” have led to the following conclusions: 
(1) There is no tissue specificity associated with the HMGs: 
thus, HMGs 14 and 17 from brain nuclei are capable of restoring 
DNase I sensitivity to the globin gene when reconstituted with 
depleted red blood cell chromatin. (2) Most actively transcribed 


HMG 14 
HMG 17 
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TCA alone was unsuccessful in restoring DNase sensitivity (not shown). Input globin cDNA was 100,000 cpm. Also shown in an 18% 
SDS-polyacrylamide gel of total nuclear proteins and purified HMG 14 and 17 (from ref. 33). 
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Fig. 2 The chicken adult @-globin gene is more methylated in 
5-day embryos making embryonic haemoglobin than in 14-day 
embryos making adult haemoglobin. a-d, Partial digestion of adult 
erythrocyte DNA with Mspf: a, no enzyme control; $, 2 units; c, 
12 units; d, 100 units of enzyme: e, complete Hpall digest of 
5-day erythrocyte DNA; f complete digest of 14-day erythrocyte 
DNA, The DNA was electrophoresed on a 1% agarose gel. 
Southern blotted®’ and hybridized to an adult-specific B-globin 
probe, pHbIOO0L. (From ref. 68.) 


genes become sensitized to DNase I by HMGs 14 and 17. 
(3) Specificity for HMG binding seems to be in the recipient 
NaCl-depleted chromatin; thus, HMGs 14 and 17 from red 
blood cell chromatin fail to induce DNase I sensitivity to the 
globin gene when reconstituted with HMG-depleted chromatin 
from brain. (4) Either HMG 14 or HMG 17 can sensitize most 
actively transcribed genes to DNase I. (5) Genes transcribed 
at different rates have about the same affinity for HMGs 14 
and 17. (6) HMGs 14 and 17 bind stoichiometrically to actively 
transcribed nucleosomes. (7) HMGs 14 and 17 can restore 
DNase I sensitivity to HMG-depleted nucleosome core particles 
containing 145 base pairs of DNA. And (8) as judged by 
sensitivity to DNase I, actively transcribed nucleosomes become 
associated with HMGs 14 and 17 within 3 minutes after these 
genes are replicated”. 

Taking advantage of the specific binding properties of HMGs 
described, an active nucleosome affinity column has been pre- 
pared, by coupling chicken HMGs 14 and 17 to agarose or 
glass beads, and used to map the DNA regions surrounding 
the chicken a-globin genes for their capacity to bind to HMGs 
14 and 17°°. The results indicated a direct correspondence 
between chromosomal regions which are capable of interacting 
with HMGs 14 and 17 and the regions which are highly sensitive 
to DNase I digestion, In contrast, the chromosomal regions of 
intermediate DNase I sensitivity which are adjacent to the 
highly sensitive regions did not bind HMGs 14 and 17. 

The positioning of HMGs 14 and 17 in active nucleosomes 
has been investigated in a number of ways, both directly using 
nucleosomes enriched in active sequences, and indirectly by 
reconstitution. Electrophoretic studies*’**"""" have indicated 
that HMGs 14 and 17 bind to a particle containing 150-160 
base pairs of DNA, possibly replacing histone H1 and leading 
to a more open chromatin fibre. In contrast, HMG 14 (17)-H1 
cross-linked products have been obtained*’ and it has been 
shown that total chick erythrocyte nucleosomes containing H1 
or H5 are still able to bind HMGs 14 and 17°”. This complication 
may be due to the ease with which HI is displaced from 
mononucleosomes during preparation. Mapping of DNase I 
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cutting sites and thermal denaturation studies in nucleosome 
cores compared with HMG-—nucleosome core complexes have 
suggested that the major sites of interaction of HMGs are 
located near the ends of the nucleosome core DNA”. Further- 
more, the characterization of subnucleosome particles produced 
by extensive micrococcal nuclease digestion has suggested that 
the HMGs are (partly) associated with histone-free DNAS. 
Thus the general concensus is that HMGs 14 and 17 occupy 
two binding sites at each end of the nucleosome core and cover 
or interact with internucleosomal DNA. 

Much less is known about other non-histone proteins associ- 
ated with active chromatin. However, increasing attention. is 
being paid to sequence-specific DNA binding proteins which 
might have as important a role in gene regulation in eukaryotes 
as they do in prokaryotes. For example, Engelke er al.” have 
isolated a protein of molecular weight 37,000, TFUIA, from a 
Xenopus oocyte homogenate which binds to the intragenic 
control region of 5S DNA and appears to be required for 
transcription. Positive regulatory control has also recently been 
shown by the sequence-specific binding of the glucocorticoid- 
receptor complex to cloned fragments of murine mammary 
tumour virus DNA“. Conversely, repressor—operator control 
is shown by polyoma T antigen, which represses the synthesis 
of its own mRNA and the adenovirus DNA binding protein, 
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14 day RBC 





5 day RBC 





Fig. 3 Absence of DNase lI-hypersensitive sites in globin 
chromatin from precursor cells. Nuclei from primitive erythro- 
blasts (from 5-day embryos) making embryonic haemoglobin, 
definitive erythroblasts (from 14-day embryos) making adult 
haemoglobin, and precursor cells (S00 embryos) were digested 
with increasing concentrations of DNase 1. The DNA was purified, 
restricted with HindIII and blot-hybridized to an embryonic 8- 
globin probe. Without DNase I digestion a 4.5 kilobase fragment 
is observed. In embryonic cells a discrete new band appears at 2 
kilobases, whereas in adult cells the hypersensitive site disappears 
and a different region of hypersensitivity appears yielding a sub- 
fragment of about 4 kilobases. As a control the same precursor 
blot showed sub-bands after hybridization to a probe for the. 
transcriptionally active actin gene. (From ref. 8&8.) 
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which represses the synthesis of adenovirus early region IV 
mRNA* 


Modification of chromatin proteins 


A fundamental manner in which chromatin conformation could 
be varied is by covalent modification of its histones or the DNA. 
Primary sequence variants of all five histones have been 
identified electrophoretically, especially with the use of Triton- 
acid—urea polyacrylamide gels*’. Species-specific, tissue-specific 
and gene-specific subfractions have been described**. In most 
cases the role of histone variants in chromatin structure and 
function is unclear, but the occurrence of precisely timed staged- 
specific changes in histone subtypes during development*’”’ 
suggests that they are important in differentiation. 

Direct evidence for the specific exchange of one histone 
subtype for another has been obtained by analysing male pronu- 
clear histones from polyspermically fertilized sea urchin eggs”’. 
Between fertilization and morula the sperm-specific histones 
of every sperm nucleus are completely replaced by cleavage 
stage histones. Inhibition of protein synthesis by emitine indi- 
cated that the cleavage-stage histones are stored and are of 
material origins. The replacement of the individual histones 
does not occur coordinately. The switch in histone H1 occurs 
almost immediately while the core histones are replaced at 
specific intervals during the first eight divisions. Since histone 
H1 is believed to play a role in the higher order structure of 
chromatin, and the switch occurs before any gross decondensa- 
tion of sperm chromatin is observed, the switch might be a 
prerequisite for nuclear fusion. The complete replacement of 
the inner histones might serve to derepress the relatively tran- 
scriptionally inert sperm genome. Further evidence for a corre- 
lation between histone subtypes and transcription stems from 
the finding that the transcriptionally active macronuclei of 
Tetrahymena contains several variants which are absent in the 
transcriptionally inert micronucleus” 

Postsynthetic histone modification by phosphorylation, 
acetylation, methylation and polyADP ribosylation is a well- 
characterized feature of chromatin“. Attempts have been made 
to link these modifications, particularly acetylation, to transcrip- 
tional activation and Yamamoto and Alberts” have proposed 
that histone acetylation—deacetylation can provide the flexibility 
needed to transduce laterally across an active gene the increased 
accessibility to RNA polymerase. However, even though there 
are numerous correlations between an increase in histone acety- 
lation and increased RNA synthesis (ref. 55 for example), and 
considerable evidence for the enrichment of acetylated histones 
in transcriptional active chromatin’®**°°°°, it seems unlikely 
that acetylation is sufficient either to produce an active 
chromatin conformation or to increase transcription rate. 
Studies of in vitro- assembled simian virus 40 (SV40) complexes 
have shown that acetylation does not destabilize or open up 
the nucleosome, and the kinetics of transcription of these com- 
plexes by calf thymus RNA polymerase A or B is not affected 
by acetylation” . Moreover, no difference is observed on com- 
paring the DNase I digestion rates of nucleosome core particles 
from control cells and those treated with butyrate to inhibit 
cellular deacetylase implying that acetylation of core histones is 
not necessary for DNase I sensitivity®'. So although histone 
hyperacetylation is a characteristic of active genes, its function, 
if any, in transcription, is not known. 

HMG proteins also undergo postsynthetic modifications 
Recently, a careful analysis of the phosphorylation of HMGs 
14 and 17 at different stages of the cell cycle in synchronized 
HeLa cells showed there to be a sevenfold increase in *’P 
incorporation into HMG 14 in G, phase compared with G,, 
and a twofold i increase in incorporation into HMG 17 in early 
S phase®’. In contrast, HMGs 1 and 2 were not phosphorylated. 
Therefore, phosphorylation of HMG 14 may be a prerequisite 
for the events which follow G,—that is, chromatin condensation 
and cytokinesis. Perhaps of greater significance was the finding 
that the stage-specific phosphorylation of HMG 14 parallels 
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that of histone H1, adding weight to the theory that HMGs 14 
and 17 substitute for histone H1 in active regions. 


DNA modification 


The occurrence of a small fraction of modified bases in DNA 
has long been known (see ref. 66 for review). Over the past 
four years an inverse relationship has emerged between the 
presence of the most commonly modified base in eukaryotic 
DNA, 5-methylcytosine (m°C), and gene activation. Bird and 
Southern®’ have shown that some type-II restriction endonu- 
cleases, whose substrate contains the dinucleotide sequence 
CpG, could be used to probe for m°C by virtue of their inability 
to cut if the cytosine is methylated. Using these enzymes, specific 
sites have been shown to be undermethylated in the chicken 
B-globin gene in red blood cells (Fig. 2)°*, in the ovalbumin, 
ovotransferrin, and ovomucoid genes in the chicken oviduct”, 
in amplified ribosomal genes in Xenopus laevis*®’, in the human 
and rabbit globin genes’’”', and in various integrated viral 
genes’’~’*, Furthermore, a direct correspondence between 
undermethylation, DNase I sensitivity and in vivo and in vitro 
transcription by endogenous RNA polymerase IT has also been 
demonstrated”’. A caveat to all of these correlations, though, 
has to be made because there are many sites within active genes 
which remain methylated in all tissues and other sites which 
remain unmethylated”. 

If undermethylation were sufficient for gene activation, inhi- 
bition of methylation should result in the expression of other- 
wise repressed genes. When a mouse/human hybrid cell line 
is grown in media containing the cytidine analogue 5- 
azacytidine, which is incorporated into DNA but cannot be 
methylated (due to the replacement of carbon 5 with nitrogen 
in the pyridine ring) the inactive X chromosome is reactivated”. 
Similarly, 5-azacvtidine has been used to activate the metal- 
lothionein-1 gene in mouse lymphoid cells” and the 
endogenous retrovirus ev-1 in chicken lymphocytes’*. In both 
cases activation has been shown to be coincident with demethy- 
lation of specific Hpall sites in the coding regions of the respec- 
tive gene. In the case of the retrovirus, the induction was also 
correlated to the acquisition of DNase I hypersensitive sites 
(see below) in both the 3’ and S’ long terminal repeats. In 
contrast, the globin genes in the chicken lymphocytes are not 
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Fig. 4 Fine structure map of histone gene chromatin. Map of 
the 5,0 kilobase histone gene repeat, showing the transcribed 
regions as well as the direction of transcription for the five genes 
(large open rectangles with arrowheads). Numbers below the line, 
distance in kilobases from the BamHI site on the extreme right. 
Small vertical rectangles above the line, TATA boxes. Arrows 
below the line, DNase I sites. Arrows above the line, micrococcal 
nuclease sites on the histone chromatin; the size of the arrows 
reflects the relative intensities of the corresponding bands on the 
autoradiograms. Curved arrows, micrococeal cleavage sites. 
Circles, static 146 base pair nucleosomes on the nontranscribed 
spacers. For clarity, 250 base pairs at the extreme left and right 
of the centre line are repeated on the upper and lower lines, 
respectively. (From ref. 84.) 
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activated by 5-azacytidine. Perhaps, then, the azacytidine- 
responsive genes are already distinct in some way from bulk 
chromatin. Supporting this is a finding that the inactive B- globin 
gene is about threefold less accessible to DNase I in Xenopus 
hepatocytes ® than the inactive albumin gene is in erythrocytes 
-or the vitellogenin gene is in either tissue. Therefore it seems 
that if demethylation is necessary for gene activation, it is not 
sufficient. 

DNA of the transcriptionally active macronucleus of Tetrahy - 
mena thermophila is methylated at the N° position of adenine 
residues yielding N°-methyladenine (m°A)’’. Approximately 
1 in every 125 adenine residues is modified and there is no 
detectable m°C. In contrast, the transcriptionally inert micronu- 
clei contain m°C and are devoid of m*A. The m°A-containing 
sequences are preferentially digested by both micrococcal 
nuclease and DNase I. Perhaps the function of these two types 
of modifications can be found in the differences in base pairing 
stability of the methylated and unmethylated pairs. The pair 
methyladenine-thymidine, characteristic of transcriptionally 
active regions, is more easily denatured than the non-methy- 
lated pair, while methylcytosine- guanine, characteristic of inac- 
tive regions, is more stable than the corresponding methylated 
pair. 


Higher order chromatin structure 


In addition to the high degree of DNase I sensitivity characteris- 
tic of active chromatin, there are also small regions of nuclease 
hypersensitivity, less than 200 base pairs, usually but not always 
5’ to the coding region. The double-stranded cuts can be 
mapped by mildly digesting chromatin with either DNase I or 
micrococcal nuclease, purifying the DNA, redigesting with a 
restriction endonuclease and probing, by Southern blotting” 
with a short *’P-labelled DNA fragment which abuts the restric- 
tion cut. DNA fragments smaller than the expected mapped 
restriction bands appear, the length of which defines the dis- 
tance between the restriction site and the DNase I cut. Using 
this indirect end-labelling technique, Wu has demonstrated the 
presence of hypersensitive sites 5' to the 70,000 and 83,000 
molecular weight heat shock genes (hsp 70 and 83) in 
Drosophila embryos and tissue culture cells®'. Since these sites 
do not exist on naked DNA, they must be a function of 
chromatin structure. After heat shock, the whole of the active 
hsp 70 coding sequence becomes sensitive to DNase I but to 
a magnitude less than the S’ sensitivity, which is still partially 
retained. DNase I hypersensitive sites have also been demon- 
strated for the four small heat-shock genes*’, in the chick 
ovalbumin, conalbumin, globin and endogenous retroviral 
genes?” 7+7475 in the rat preproinsulin gene®’, in the Drosophila 
histone gene repeat™*, and in the SV40 minichromosome**”*’. 
In Drosophila, a pattern of micrococcal hypersensitive sites 
resembling that of DNase I was also observed. With both 
enzymes preferential cuts within the gene itself are seldom seen. 

In an extensive set of experiments, the occurrence of DNase 
I hypersensitive sites has been correlated to B-globin gene 
activation in early chick development®®. A comparison was 
made between a highly enriched red blood cell precursor popu- 
lation isolated from 20~23-hour chicken blastoderms deficient 
in globin transcription, embryonic red blood cells from 5-day 
old chicken embryos which express the embryonic B- globin 
gene and adult red blood cells from 14-day-old chicken embryos 
which express the adult B-globin gene. Hybridization of an 
embryonic B- globin probe to a HindIII digest of DNase-treated 
nuclear DNA is shown in Fig. 4. No hypersensitive sites were 
observed in the red blood cell precursors, whereas the embry- 
onic and adult cells both had hypersensitive sites but different 
ones. It should be noted that the change in chromatin structure 
from embryonic to adult red blood cells does not occur directly; 
rather, the stem cell chooses one of two directions. In these 
experiments transcriptional activity was further correlated to 
undermethylation. Since the two globin genes exhibit the inter- 
mediate level of DNase I sensitivity in both cell types, it is 
attempting to conclude that the presence or absence of a hyper- 
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sensitive site dictates which gene is transcribed. Other evidence 


suggests that this is not always true. The a and 6 major globin 


genes in murine erythroleukaemia cells show a high level of 
DNase I sensitivity and are transcribed at a low but detectable 
basal level. However, upon induction of globin synthesis with 
hexamethylene bisacetamide a new 5’ DBase I hypersensitive 
site is generated’. A possible problem with this result, however, 
is that the globin transcription detected before induction might 
only be occurring in a small subpopulation of cells. 

Recent results have strongly suggested that the nuclease 
hypersensitivity of certain regions of chromatin is due to local- 
ized single-stranded regions of DNA in a nucleosome-free 
environment. Tissue-specific cleavages roughly corresponding 
to the known DNase I hypersensitive sites 5’ to the chick globin 
genes have been observed using the single-strand specific 
nuclease S, (ref. 90). When DNA regions containing these sites 
are subcloned into the pBR322 plasmid the cleavage sites are 
retained if the plasmid is supercoiled but lost if it is linearized. 
This suggests that the strain of supercoiling induces a change 
in DNA conformation which is sequence-specific, This super- 
coiling stress might be mimicking the natural effect of an altered 
nucleosome conformation or a sequence-specific binding pro- 
tein in chromatin. Furthermore, it has recently been shown** 
that the 5’ hypersensitive site in the chick adult 8- globin gene 
actually extends over 200 base pairs, 115 base pairs of which 
can be excised by MspI digestion as protein-free DNA, suggest- 
ing the absence of a nucleosome. 

DNA footprinting analysis of the interaction between the /ac 
operator and repressor has shown that the binding domain of 
a protein can be 10- to 100-fold more sensitive to DNase I 
digestion when the protein is bound”'. Therefore hypersensitive 
sites may represent regions of specific interaction with DNA 
sequence recognizing proteins. Consistent with this is the finding 
that the origin of replication and transcription of SV40 and 
polyoma which interacts with T antigen and the promoter region 
of the Xenopus 5S RNA genes which interact with TFIIIA”** 
are preferentially nuclease sensitive. The presence of a specific 
DNA binding protein probably excludes nucleosome formation. 
Reconstitution studies” using calf thymus histones and lac 
operator DNA have indicated a preferred register of histones 
with respect to DNA sequence, demonstrating a further limit 
in the distribution of nucleosomes. Moreover, in the 250A 
chromatin fibre, the nucleosomes are arranged in a zig-zag 
fashion” ™, the DNA in one nucleosome adjacent to the 
histones in the next enabling minor changes in position to be 
rapidly propagated along the fibre. 

These studies have led to the postulate, and subsequent 
demonstration, that nucleosomes could be located in a unique 
or a small number of distinct positions relative to DNA 
sequence. This arrangement, termed phasing, has been the 
subject of two recent reviews”’’°”. It has led to a disagreement 
(perhaps semantic) of whether phasing is the result or the cause 
of the binding of regulatory proteins with respect to DNA 
sequence. There has also been some concern that phasing was 
an artefact of the marked specificity of micrococcal nuclease 
for A+ T-rich regions. However, in carefully controlled experi- 
ments using both micrococcal nuclease and DNase I, it has been 
shown, for example, that nucleosomes are precisely positioned 
on the nontranscribed spacer region in the Drosophila histone 





Fig. § Proximal portion of an active Balbiani ring transcription 

unit from the salivary glands of Chirenomus tentans showing initial 

segment of unbeaded chromatin (arrows). Scale bar, 0.5 um. 
(From ref. 103.) 
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gene repeat (Fig. 5)**. It was also shown that the nucleosome 
arrangement is established early in development and is retained 
throughout the remainder of the Drosophila life cycle. 


Electron microscopic analysis 


It is clear from the experiments described above that gene 
expression in eukaryotes is characterized by many levels of 
regulation. Most of the DNA in a nucleus, while packaged into 
nucleosomes, is further folded into an extremely compact and 
condensed higher order structure opaque to the transcriptional 
machinery. It might be that the features associated with active 
genes such as undermethylation, nuclease sensitivity, acetyla- 
tion, HMGs 14 and 17 act coordinately to affect the degree in 
which individual genes are available to prokaryotic-type regula- 
tory mechanisms. In the case of lampbrush and polytene 
chromosomes'*'’°’, gene activation is directly preceded by the 
chromatin fibre changing from a tightly packed state to a more 
open loop-like conformation. Specific active transcription units 
have been visualized for the Balbiani rings on chromosome IV 
in the salivary glands of Chironomus tentans'™ and on the 
ribosomal RNA genes in Oncopeltus fusciatus embryos'™ by 
an electron microscopy technique developed by Miller and 
Bakken’. 

Inactive chromatin exhibits a uniform beaded appearance in 
the electron microscope, while active transcription units are 
visualized as a gradient of ribonuclear protein fibres anchored 
to the base of the chromatin fibre by RNA polymerase 
molecules to yield the archetypical ‘Christmas tree’, the apex 
of which is coincident with the initiation of transcription. The 
Balbiani rings 1 and 2 transcription units generate 75S mRNAs 
coding for the salivary polypeptides. Careful measurement of 
the length of the transcribing chromatin has shown a marked 
extension of the fibre, the packing ratio going from 1.9 to 1.6 
(defined as the length of B-structure DNA per unit length of 
chromatin)'**. Nucleosome-size beads were observed in the 
active transcription units but with a frequency decreased to 4 
per pm from the 28 per um found in inactive chromatin. 
Furthermore, there appeared to be a smooth nonbeaded seg- 
ment, 0.18 um or about 500 base pairs in length directly 
preceding the RNP fibre gradient (Fig. 5). This could correspond 
to a 5’ DNase hypersensitive region (see above), though it could 
also be an artefact of unusual tension during the spreading 
procedures. 

Structural changes in ribosomal DNA transcription units, 
which can be identified morphologically, have been studied 
during early development in Oncopeltus'“*. At 32 hours after 
fertilization (late blastula) only beaded chromatin is seen, but 
6 hours later, before ribosomal RNA synthesis is detected 
biochemically, nonbeaded stretches of ribosomal chromatin 
appear—many of them lacking transcripts. Again, there is a 
decrease in packing ratio in this case from 2.3 to 1.2. Impor- 
tantly, the rDNA still exhibits a 200-base-pair repeat, though 
as transcriptional activity increases so does the accessibility to 
nucleases“. This result eliminates the possibility that the pres- 
ence of numerous RNA polymerase molecules are responsible 
for the change in chromosome structure and indicates that the 
major change actually precedes transcriptional activation. This 
could occur by decondensation of a domain of the chromosome, 
and may possibly be equivalent to the preactivation state 
described by Weintraub and his colleagues ™. 


Gene activation 


Irrespective of the many characteristics of active genes 
described here, transcriptional] activation still relies on the initial 
decondensation of a domain of the chromosome containing the 
gene to be transcribed. Recently, two possibly inter-related 
phenomena have been described which may be involved in this 
event. The yeast Saccharomyces cerevisiae can exhibit a or a 
mating type depending on the position in the chromosome 
where the mating type genes are located. There are three 
possible loci or cassettes which the genes could occupy: MAT, 
which is transcriptionally active, and HML and HMR, which 
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Fig. 6 Supercoiling difference in an 
active versus inactive yeast mating- 
type gene. A hybrid-yeast plasmid 
containing PBR, the centromeric 
region of chromosome 3, a selectable 
marker, TrP1, and either HMLe or 
MATa was transformed into a MAR* 
or a MAR strain. The total DNA 
was purified and electrophoresed on 
a 0.7% agarose gel containing 
2.5 ug ml’ chloroquine. The gel was 
Southern blotted’ and hybridized to 
pBR322. a, MATa in MAR” (K228 
from A. Klar). b, MATa in MAR™ 
(17-16 from A. Hopper). c, HMLa in 
K228. d, HMLa in 17-16. When the 
HMLa gene is repressed in 17~16 it 
is more negatively supercoiled than 
when it is active in K228. The MAT 
gene functions independently of 
MAR. (From ref. 109.) 








are repressed through the action of several unlinked genes 
equivalently termed MAR or SIR'™. When the cassettes are 
introduced into yeast on episomal plasmids by transformation 
they still exhibit normal regulatory control. Nasmyth and 
Abraham'”’ have shown that the number of negative super- 
helical twists in a plasmid containing the HML locus is decreased 
when the plasmid is activated by being placed in a strain of 
yeast that is deficient in the MAR/SIR genes (Fig. 6). This 
raises the possibility that the MAR/SIR genes could function 
as type H topoisomerase molecules. Extrapolating back to the 
chromosome, decondensation could occur by the uncoiling of 
a ‘lampbrush type’ loop initiated by blocking of a sequence-or 
repertoire-specific topoisomerase. 

Alternatively, decondensation/condensation may be associ- 
ated with the formation of left-handed or Z-form DNA as 
occurs in the interband regions of Drosophila polytene chromo- 
somes’. In physiological salt solutions Z-DNA is not stable 
and readily converts to the B conformation. It can be stabilized, 
however, by supercoiling, binding of specific basic proteins such 
as spermine and spermidine, or by the presence of 5-methyl- 
cytosine’'', Rich and his colleagues''® have proposed that selec- 
tive demethylation of Z-DNA, thereby destabilizing it, would 
result in torsional stress. This stress can be overcome by positive 
supercoiling, which will result in an unwinding of the double 
helix at a position removed from the initial event, and yield a 
nuclease hypersensitive single-stranded region. 

The primary events contributing to changes in higher order 
chromatin domains responsible for gene activation are just 
beginning to be investigated. Once known, secondary com- 
ponents directly involved in the act of transcription per se, such 
as the role of histone modification, HMGs and promoter/re- 
pressor control might be better understood. Only then may it 
become possible to answer some of the more fundamental 
questions of gene control and differentiation. 

I thank Dr Ronald Laskey for suggesting that I write this 
review, Drs J. Hicks, K. Nasmyth, L. Silver, J. Strathern and 
H. Weintraub for critical comments on the manuscript, Drs B. 
Daneholt, J. McGhee, K. Nasmyth, H. Weintraub and A. 
Worcel for allowing me to reproduce figures, and M. Dermody- 
Weisbrod and M. Goodwin for assistance in preparing the 
manuscript. 
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The range and unity of planetary circulations 
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Altering the rotation rate, obliquity and diurnal period of an Earth-like model atmosphere produces a wide range of 
circulation forms, some of which resemble those observed on Venus, Mars, Jupiter, Saturn and (perhaps) on Uranus 
and Neptune. These unified solutions suggest: that Jupiter and Saturn resemble a larger, faster-spinning Earth and 
possess a stress-bearing or momentum-exchanging sublayer; that easterly winds prevail in Uranus’ summer hemisphere ; 
and that Venus resembles a slowly rotating Earth if diurnal heating variations are included. 





FROM Venus to Neptune, the motions of the planetary winds 
are being explored and subjected to theoretical analysis and 
prediction..On Earth, Mars and Jupiter the winds appear to 
exhibit similar arrangements and to obey similar laws”. These 
affinities stem mainly from the constraints placed on large-scale 
motion by planetary rotation’ 
influence of rotation on the structure of the planetary winds 


°. To learn more about the. 


and to determine the range of circulation forms, we evaluate 
in this article the response of a representative (Earth-like) 
model atmosphere to changes in rotation rate, obliquity and 
diurnal period. 

‘ Our. numerical experiments show that an Earth-like atmos- 
phere, when placed in the rotational configuration of another 
planet, displays that planet’s form of motion: Jupiter, Uranus 
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and Venus appear to behave like rapidly rotating, oblique and 
slowly rotating Earths, respectively—despite thermodynamical 
and other differences. This suggests that the basic meteorology 
of the Solar System is relatively simple, unified and Earth-like, 
sven though more complex meteorologies are needed for 
inderstanding the finer details of individual planetary circula- 
ions. The solutions thus provide an elementary indication of 


a Q*=8 
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the dynamical laws and processes acting in the various planetary 
atmospheres. 


Modelling 


Our standard climate simulation model (GCM) integrates the 
equations of atmospheric motion, thermodynamics and con- 
servation of mass and moisture in space and time, using spectral 





75° 60° 45? 30° 15° 


Latitude 


Fig. 1 The mean zonal flow of an Earth-like model atmosphere (subject to the annual-mean heating parameters) at different relative rotation 

rates, 1", Similarities may exist between Jupiter, Saturn, Uranus, Neptune and a-c. Easterly winds are shaded; the main contour interval 

is 5 ms~' and the supplementary one, 2.5 ms~'. Pressure is used as the vertical coordinate. Calculations use a hemispheric sector, 120° in 
longitude, and horizontal rhomboidal spectral resolutions of 42 waves for the experiments in a-e and 15 waves for those in fi. 
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Fig. 2 The mean zonal flow of an Earth-like model atmosphere at different obliquities (@,) and relative rotation rates (0*). Similarities 

may exist between Earth, Mars and 5, between Uranus and d, between Saturn, Neptune and e. The solar constant is reduced to 3/4 or 1/2 

its normal value when 6, = 25° or 90°. The Sun is permanently at the northern hemispheric solstice (left side). Easterlies are shaded ; the 

main contour interval is 10 ms~' and the supplementary one, 5 m s~}. Calculations use a global crescent, 120° in longitude, with a resolution 
of 15 waves (the solutions are preliminary and of reduced accuracy for the * = 4 cases). _ 


transform techniques in the horizontal and finite differencing 
in the vertical. For the radiative heating and cooling calcula- 
tions, the normal annual-mean distribution of albedo, ozone, 
carbon dioxide and cloud cover are described as functions of 
latitude and height, while the variation of water vapour is 
predicted. The solar declination has its annual-mean values 
except when we examine obliquity and diurnal effects. For 
generality, the GCM has a simplified flat, uniformly moist 
(swamp) surface of zero heat capacity and excludes all ice- 
related processes. Moist convective adjustment represents 
small-scale convection and helps maintain vertical (hydrostatic) 
stability. A quadratic drag law determines the momentum and 
heat exchanges at the surface. (Full particulars of this GCM 
may be found in refs 6-9.) Solutions are discussed in terms of 
the relative rotation rate Q*=01/O,; where 0, = 
7.292 10°°s"' is the present terrestrial value. 6, denotes 
planetary obliquity. 


Dependence on rotation rate at equinox 


Varying the rotation rate over a wide range of values 
(Q* = 0-8) produces jets of diverse form and scale in the model 
atmospheres (Fig. 1). The jets are circumglobal and permanent 
in form, except at very low rotation rates (0* < 1/64). 

The double maximum of the idealized terrestrial zonal flow 
stems from the overlapping of the tropical and extratropical 
jets at Q* =1 (Fig. 1d). These two basic jet forms are more 
independent and more obvious at higher rotation rates, because 
the baroclinic eddies are then smaller and more localized. 
Increased rotation rates also make the tropical jets narrower 
and the extratropical jets more numerous and more zonally 
aligned. At 0* = 8, the tropical jet is centred on the equator 
(Fig. la). 

In general, the mean meridional circulations consist of a 
direct (Hadley) cell equatorward of the tropical jet core, a 
weaker indirect cell in the poleward part of that jet, and assorted 





weaker cells in the extratropical jets. But at lower rotation rates 
(Q* = 1/4) the baroclinic eddies cease to exist and a Hadley 
cell occupies the whole hemisphere (Fig. 1g~/). (The ‘tropics’ 
is defined as being that region influenced by the Hadley circula- 
tion. It extends from the equator to 15° N when N* = 8 and to 
90° N when 0* < 1/4.) ae 

The equator-to-pole surface temperature difference gen- 
erally increases with the rotation rate, from a minimum at 
N* = 0 to a maximum value (determined by the radiative equi- 
librium balance) approached at Q*=8, Table 1. A secondary 
minimum occurs at * = 3/4 when baroclinic eddies peak in 
efficiency. 


Dependence on obliquity at solstice 


During solstice, a planet with a 10° obliquity and terrestrial 
rotation rate exhibits little latitudinal temperature variation, or 
motion, in its summer hemisphere (Fig. 2c). However, when 
the obliquity exceeds 20° the summer pole receives the greatest 
solar heating, resulting in strong pole-to-pole temperature 
gradients and extensive easterlies (with speeds up to 180 m s`’) 
and eddies in the summer hemisphere (Fig. 2a, b). At 8, = 90°, 
a strong temperature inversion in the winter hemisphere 
excludes eddies from that region. Higher rotation rates reduce 
the width and amplitude of all currents and also reduce the 
tendency of temperature maxima to move to higher latitudes 
as obliquity increases (Fig. 2d~f). Consequently, the summer 
easteriies intrude less across the equator and the flow in the 





Table 1 Surface temperatures (K) at the equator and pole of the mode! 
atmosphere as a function of relative rotation rate 


T, Equator 292 300 300 305 305 305 310 
T, Pole 280 255 275 270 265 235 230 
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c a*=¥s2 Diurnal 





Latitude 
Fig. 3 The mean zonal wind of an Earth-like model atmosphere at two very low rotation rates, with and without diurnal variations in the 


and the supplementary one, 2.5 ms 1 Calculations 


use a full hemisphere and a resolution of 15 waves. 


winter hemisphere retains its equinoctal characteristics: a pre- 
eminent tropical jet and multiple extratropical jets. Interhemi- 
spheric heat transport, by the baroclinic eddies and the mean 
meridional circulation, balances radiative cooling in the 
unheated winter hemisphere (Table 2). 


Dependence on diurnal period 


The diurnal variation in the solar heating plays a fundamental 
role in shaping the circulation of an Earth-like planet only at 
low rotation rates (Q* = 1/16), 

As the rotation decreases towards these low rates in the 
nondiurnal system, the axis of the simple tropical (Hadley) jet 
that now constitutes the entire zonal flow moves poleward until 
a limit is reached at 80° latitude (Fig. 17). At very low rates 
(Q* = 1/32, 1/64), geostrophy declines and the zonal flow 
weakens and becomes more complex (Fig. 3a, b). 

Introducing diurnal variability into the very slowly rotating 
systems changes their narrow polar jets into broad global cur- 
rents (Fig. 3c, d). The equatorial and subtropical westerly 
maxima (15 ms~*) produced by the diurnal processes represent 
eatin currents for a planet whose surface rotates at <7 m 

! (when Q* = 1/64). - 

When 0* = 1/32, the diurnal processes are wave-like and 
moderate; it may then be valid to regard the broad zonal current 
as being the result of the equatorward redistribution (by the 
waves) of momentum inherent in the polar jet of the nondiurnal 


Saturn’s zonal velocity (ms7*) ` 
Le] - 289 405 600 


Latitude (Saturn, model): 
Latitude (Jupiter) 





Model’s zonal velocity (m s`!) 





state!?, When 0* = 1/64, the diurnal processes are so strong, 
and the nondiurnal jet so weak, that there may be no mn 
association between the diurnal and nondiurnal zonal flows”’ 


Planetary implications 


Earth: The hybrid mix of tropical and extratropical jets that 
occur at Q* = 1 gives Earth the most complex of meteorologies. 
However, the thermal inertia of the oceans and ice caps reduces 
the strong seasonal variability normally associated with such 
an oblique planet. Only inthe ‘summer stratosphere are the 
warm polar temperatures and strong easterlies realized. The 
influence of obliquity may have been greater during Earth’s 
ice-free-periods, when Q* and 6, were perhaps double their 
present value’, and the circulations were as depicted in Figs 
Le, 25. 

Mars: Despite great differences in mass and composition, the 
martian and terrestrial atmospheres have similar forms of circu- 
lation. Lacking oceans, however, Mars has greater seasonal 
variation and, at solstice, the temperature and velocity distribu- 
tions predicted by a Mars-like GCM? resemble those given by 
our simplified Earth model (Fig. 2c). 

Venus: Venus’ zonal circulation consists of a broad retro- 
grade current that varies almost uniformly ‘with latitude and 
step-like with height. Velocity maxima occur near the equator 
and in midlatitudes’*"'*. This form of circulation is also 
exhibited by our Earth-like model when the rotation is very 


Jupiter’s zonal velocity (m s~*) 


Fig. 4 Latitudinal profiles of the 
mean zonal. velocities of northern 
and southern hemispheres (NH, 
SH) and rapidly rotating Earth- 
_ dike-model atmospheres. Adapted 
` from Voyager data’”’* and from 
` Fig. la, b (at 205 mbar): a, Saturn 
and model at Q* =8; b, Jupiter 
and model ‘at 0*=4. Scales are 
arbitrary. 


Latitude (model). 
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GOON 
Fig.5 The singular vortex resem- 
bling the Great Red Spot is pro- 
duced by a topographic surface 
anomaly in a rapidly rotating (Q* = 
4) Earth-like model atmosphere. 
The i-km high ‘mountain’ is 
centred near the latitude (53°) of 
zero mean flow (in a geo- = 
strophic, anticyclonic-shear zone) 30° $ 
and at 0° longitude. Contours of 
the 500-mbar geopotential surface 
(a streamfunction) are plotted at 
intervals of 150 m with shading for 
values below 5,300 m and above 0° 
5,600 m. 180° 


60° 


Latitude 


120°E 


slow and the diurnal heat cycle is included (Fig. 3d). Thus 
Venus seems to behave meteorologically like a slowly spinning, 
diurnally heated Earth. The diurnal heating component drives 
the quasi-horizontal turbulent exchanges that determine the 
form of the zonal wind’? while the nondiurnal heating com- 
ponent drives the meridional exchanges that determine the 
amplitude of the zonal wind’®. 

If we confine the solar heating more to the model’s strato- 
sphere, by inserting a high level opaque cloud, a more complex 
meridional circulation (multiple pole-to-equator cells) occurs 
but the zonal circulation remains basically unaltered. This sug- 
gests that the high level of heat deposition on Venus plays no 
fundamental role in determining the form of the zonal wind 
but is vital to the form of the meridional circulation. Stronger 
winds occur for Venus than for the model mainly because of 
the greater depth and density of its atmosphere”. 





Table 2 Surface temperatures (K) at summer and winter poles of the 
model atmosphere as a function of obliquity and relative rotation rate 


o* 1 1 1 4 4 4 

0p 10° 25e 90 10° 25° 90° 
T, Summer pole 300 310 310 280 320 310 
T, Winter pole 220 180 150 210 180 110 


Reduced solar constants (Fig. 2) prevent the temperatures from 
exceeding 325 K at the summer pole. 


Jupiter: Both Jupiter and the Earth-like GCM (when 0* = 4) 
have circulations consisting of a pre-eminent tropical jet and 
multiple, highly zonal extratropical jets and assorted eddy fields 
(Fig 4b). If Jupiter does indeed resemble a larger, faster spinning 
Earth in its meteorology’, then we predict that easterly trade 
winds occur in the lower tropical atmosphere and that Hadley 
and ageostrophic meridional circulations support the cloud 
band constituents. 

Tropical jets cannot exist if the surface momentum exchange 
(drag) is excluded, so Jupiter must have a stress-bearing or 
momentum exchanging sublayer of some sort to be Earth-like 
in its tropical meteorology. The sublayer needed for tropical 
jet formation may not be uniform. Solitary topographic bumps 
(representing magnetic loops, rafts, icebergs, mountains or 
whatever)’® inserted into the anticyclonic shear zones of the 
analogue circulations produce a long-lived anticyclonic vortex, 
together with a stagnant wake, a current reversal and secondary 
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vortices (Fig. 5). This flow arrangement resembles that of the 
Great Red Spot (GRS). Topographic vortices of GRS scale are 
highly stable because they obey the planetary geostrophic 
(Burger) equations which, in contrast to the more familiar 
quasi-geostrophic equations, do not admit dispersive linear- 
wave solutions (Williams, G. P. and Pacanowski, R., in prepar- 
ation). Thus, in this Earth-like meteorological view, the 
existence of the tropical jet and the genesis and permanence 
of the GRS all point (consistently) towards the presence of 
some sort of (irregular) sublayer on Jupiter. Such a possibility 
seems remote but is not inconceivable. 

Saturn, Uranus and Neptune: Similar physical configurations 
should give all the outer planets similar meteorologies and, at 
least near equinox, zonal circulations like Jupiter’s. Observa- 
tions of Saturn’s equatorial circulation reveal some basic 
differences from Jupiter that may be due to seasonal or other 
parametric differences (Fig. 4a). A velocity maximum at or 
near the equator, and a smaller relative amplitude to the 
extratropical jets, imply that Saturn resembles more an Earth- 
like atmosphere with 0* = 8, than one with 0* = 4. The greater 
strength and extent of Saturn’s all-powerful equatorial jet may 
be due to the wider Hadley cell favoured by a deeper atmos- 
phere. 

At solstice, the large obliquity of Saturn and Neptune could 
lead to easterly winds dominating their summer hemispheres,’ 
if the internal heat sources do not reduce the seasonal variations. 
The extreme obliquity of Uranus and its lack of internal heat 
sources make the onset of a polar hot spot and powerful easterly 
winds and eddies inevitable in its summer hemisphere. 


Conclusions 


The element of unity seen in the above set of solutions suggests 
that relatively simple principles govern all the known planetary 
circulations and that these laws can be deduced best by evaluat- 
ing a comprehensive atmospheric model rather than by trying 
to reason from individual facts of nature. The extent of 
planetary unity can be explored relatively simply: by looking 
for easterly winds deep in Jupiter’s tropics or in the summer 
hemispheres of the other major planets. 
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Raised mires are ecosystems in which waterlogged peat accumulates above the level of the surrounding stream system. 
It has been suggested that waterlogging is maintained by matric forces, but a model involving impeded drainage is in 
better accord with the structure of the peat and with basic tenets of soil physics. At one site from which enough hydrological 
and soil physical data are available to conduct a preliminary test, the elliptical shape and proportions of the mire surface 


profile are in agreement with this mode!. 


e aeee 


RAISED mires or raised bogs' which were distinguished from 
fens by Lesquereux in 1844 °, were among the earliest types 
of peatland ecosystem to be recognized, and are known to be 
one of the world’s most widespread types of mire**. Their 
development is marked by the accumulation of peat deposits 
which, in surface profile, resemble inverted clock glasses” . The 
growth of such a deposit is made possible because it remains 
perennially waterlogged almost to its upper surface: a feature 
as paradoxical as it is fundamental, seeing that the central parts 
of the surface may lie at altitudes up to 10 m above the marginal 
lagg streams into which the deposit drains. I shall consider here 
how saturation is maintained in the cupola-like peat deposits 
of raised mires and, having identified impeded drainage as the 
mechanism, shall then discuss implications for the shapes of 
these ecosystems. 


Capillary hypothesis 

Moore and Bellamy‘ suggested that domed peat deposits retain 
their water by matric forces (capillarity), while Gosselink and 
Turner’ believed that ‘capillary action’ draws water up into 
raised mires. However, Granlund’ had earlier shown experi- 
mentally that the zone of saturation would not rise beyond 
about 0.5 m in Sphagnum peat from the higher parts of a raised 
mire south of Stockholm and this roughly agrees with the 
maximum rise of 0.3-0.4 m found in a similar situation near 


Leningrad’. 
Application of the capillary model of soil pore structure’ 
2y cos 
h = 2 (1) 
Pw8 


(where h, is the height of capillary rise; y the surface tension 
of water: a the contact angle, taken to be zero; F the mean 
pore radius, p, the density of water; g the acceleration due to 
the Earth’s gravity) suggests mean pore radii of the order of 
30 um. But to account for a deposit exceeding 5 m in height, 
the mean pore radius would need to be <3 um, implying 
complete alteration (maximal humification’') of peat right up 
to the surface, rather than the more moderate humification 
generally experienced. 

The capillary hypothesis is also unsatisfactory on theoretical 
grounds. First, it suggests no mechanism for generating a con- 
sistent shape, lower at the edges than the centre. Thus it fails 
to explain the clock-glass profile. Second, it misinterprets the 
nature of saturation in these deposits. Soil horizons where 
saturation is maintained by matric forces contain water under 
tension: they experience negative hydraulic potentials such that, 
if all water in a raised peat deposit were retained in this way, 
the water table or surface of zero potential displayed in a dip 
well would lie at the level of the lagg streams (Fig. 1, A). 
However, pools frequently occur on raised mire surfaces and, 
even in their absence, water tables commonly lie within a few 
tens of centimetres of the surface (Fig. 1, B). Most of the deposit 
accordingly experiences a positive hydraulic potential. Any 
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saturated region above the water table is merely a shallow 
capillary fringe. 


Soil structure 


Pedologically, an intact raised mire where the peat-forming 
vegetation has not been destroyed by reclamation or peat 
extraction may conveniently be described as ‘diplotelmic’’’. It 
comprises two layers of material, namely a core of humified 
peat known as the ‘catotelm’ which occupies most of the deposit, 
overlain by a thin (25-50 cm) ‘acrotelm’ or ‘active layer”. 
Most of the soil’s biological activity and exchange of matter 
and energy are concentrated in the acrotelm'*. In Holarctic 
raised mires the top of the acrotelm comprises growing plant 
material, especially Sphagnum, which undergoes alteration by 
humification below, where it becomes transformed into the 
partly colloidal material of the catotelm. Because colloidal peat 
undergoes irreversible alteration on de-watering’’, a condition 
of the stability and growth of raised mires is that their water 
tables must stay sufficiently close to the surface to maintain 
perennial saturation of the entire depth of the catotelm. Thus 
the thickness of the acrotelm and the maximum depth of the 
water table (Fig. 1, C and WT) are roughly the same'", seldom 
exceeding ~0.5 m. 


Hydraulics and hydrology 


Because matric forces alone are inadequate, it will be clear 
from Fig. 1 that the body of water saturating the catotelm is 
inherently unstable. Without atmospheric precipitation it would 
in time disperse either by evaporation or else sideways into the 
lagg streams by seepage through the peat. Water bodies of this 
kind, maintained ‘by impeded drainage’, or, more accurately, 
through a dynamic equilibrium between recharge and seepage, 
are common both in artificially drained land’? and in more 
natural situations”. They are conveniently termed ‘ground- 
water mounds’”’. When developed in a homogeneous, isotropic 
porous medium through which water flows in accordance with 
Darcy’s law 


v=—K grad ġ (2) 
(where v= bulk flux density; K = hydraulic conductivity; ¢ = 





Fig. 1 Schematic sectional profile through a raised mire. A, B, 
dip wells (see text). C, boundary between top of catotelm and 
bottom of acrotelm. D, surface of seepage (a phreatic surface at 
which water emerges) supporting fen vegetation in the lagg. L, 


lage streams. WT, water table. 


ene AEE A aeee 


0028-0836/82/210300---94$01.00 





© 1982 Macmillan Journals Lid 


Nature Vol. 297 27 May 1982 


301 





a aaa 
Z oo | i 
f f anne Fn lane 
PAET ee eae Leca an eee A KA anata mR id 
i sR eee ene aed Le puia 
Gi im 
ere tae eta ee = penne tn en eae ae ama! fy 
i : i 
| 
$ H { 
ate oe ate i 
i } i 
i 
i 
H ; i i 
Sere RESETS AS Set SCO See EVEN EEN IY BEARES 





6 F ; ? 


Fig. 2 Groundwater mound in a raised mire, in sectional profile 
(above) and in plan (below). D, L as in Fig. 1; m, summit and 
catchment boundary between the two lagg streams; S, parallel 
sides of confining valley with level floor; 1-7, contours of the 
water table (equipotentials according to the Dupuit-Forchheimer 
approximation) spaced at equal intervals of altitude. Thick arrows 
and bold letters: fluxes of water and flux densities (equation (5)). 
Thin arrows: dimensions of groundwater mound (equations (3) 
and (4)). 


hydraulic potential), the potential distribution must conform 
with Laplace’s equation which can be used, where the geometry 
is simple, to predict the relationship between height and width 
of the groundwater mound for any combination of discharge 
with hydraulic conductivity”. The shape of the mound can also 
be approximated using Dupuit-Forchheimer theory, which 
assumes that flow is approximately horizontal, that the 
equipotentials are vertical surfaces and that grad ¢ is given by 
the slope of the water table. Thus Childs” gave solutidns which 
apply to mounds with equipotentials that are parallel, circular 
_or elliptical in plan. The first case is simplest. Its application to 
an idealized deposit, shaped like a raised mire and confined in 
a parallel-sided valley, is shown in Fig. 2. Here the net recharge 
appears as U, the lateral discharge by seepage towards the lagg 
_ Streams, which are assumed to be at bed level and of negligible 
depth. The permeability of the deposit is characterized by K 
and the quotient U/K is related to the dimensions of the 
groundwater mound by the expression 


U _ H 
K 2Lx-x’ 


which takes the form of the equation of an ellipse. By setting 
x = L, the maximum height Hm of the mound is given by 


(3) 


Sat (4) 


which corresponds to one limit of the exact solution of Laplace’s 
equation. 





Table 1 Water balance, Dun Moss, May 1972—April 1973 7° 





Flux 
density 
Method Item (mm yr™') 
Array of standard gauges, diameter 127 mm, P 530* 
exposed at 305 mm above ground level 
High water tables: lysimeter, checked against E 317 
U.S.W.B. Class A evaporation pan. Low 
water tables: short term mass balance 
when U = 0 (dry periods) 
Short term mass balance when U = 0 (dry G 267 
periods) 
By difference U 187% 
Selection of appropriate period AW o$ 





* Compares with P = 951 mm yr”! for decade May 1970-April 1980. 
t Mott’s revised estimate. 

+ Equivalent to 5.9 1077 ems”). 
§ Water levels same at start and finish. 








Supposing that the trough of Fig. 2 has a leaky floor, the 
groundwater discharge U becomes one item in a water budget 
written 


P-E-U-G-AW=0 (5) 


in which all terms are flux densities except AW and where 
P = precipitation, E=evapotranspiration, G=leakage and 
W =storage. (G« U for valid application of the Dupuit- 
Forchheimer approximation). 


Groundwater mound hypothesis 


These considerations lead to the hypothesis that shape and size 
in raised mires are controlled by soil physics and hydrology. 
The hypothesis has the following elements: (1) a diplotelmic 
soil structure, (2) with perennial saturation of the catotelm, (3) 
maintained by a groundwater mound, (4) whose dimensions 
are governed by the water balance, (5) and by the permeability 
characteristics of the peat, (6) and whose surface, the water > 
table, # confined within a thin acrotelm, (7) so that both 
acrotelm and ground surface assume an elliptical profile. 

It follows from elements (2) and (3) that, with a thin capillary 
fringe, the catotelm will be coextensive with the groundwater 
mound when the latter is at its smallest. From elements (4) and 
(5) it farther follows that the critical water balance is that of 


the driest period through which the mire survives without — : 


irreversible desiccation, when the permeability characteristics — k 
in question are those of the catotelm alone. Sa 


Testing the hypothesis at Dun Moss ve te 
To qualify as a test site for the groundwater mound hypothesis. 


a raised mire must meet several criteria. First, human interfer- 


ence with its ecology and hydrology should be minimal. Second, 


-its situation should resemble the model of Fig. 2. Third, its 


catotelm should have known water transmission characteristics. 
Finally, relevant hydrometeorological records should be avail- 
able for several years, including an exceptionally dry period. 

Few raised mires are likely to fulfil these stringent require- 
ments completely, but they are met in part by Dun Moss, a 
small raised mire in east Perthshire (National Grid ref. 
NO167 558)**. The situation of the mire may be inferred from 





Fig. 3 Physiography and mire types in the vicinity of Dun Moss. 
i, Mire expanse; &, marginal lage fens and so on; ff, lines, area 
formerly exploited by peat cutting; arrows, perennial surface 
streams. Altitudes in m above OD, reproduced from the Ordnance 

Survey map, Crown copyright reserved. A 
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Fig. 4 Physiography of the mire expanse at Dun Moss. AB, line 

of profile transect connecting the captured headwaters of the 

Green Burn with the SE-NW reach of the Limekiln Burn. C, 

boundary of mire expanse. Arrows, lagg streams and so on. Con- 

tours in metres, based on a theodolite survey of the hollows on 
the uneven surface, 


Fig. 3. It lies in a north-west trending valley with roughly parallel 
sides, whose headwaters were deflected south-west across the 
low ridge south of Saebeg through an overflow channel: a 
fluvioglacial feature probably eroded in late Weichselian times. 
Lagg streams now drain northwards to the Limekiln Burn and 
southwards to the Green Burn, both with beds at 348.0m 
altitude where they touch the mire boundary. The surface of 
the raised peat deposit is a mosaic of Sphagnum hummocks 
with intervening hollows. Its general shape is shown by the 
contours in Fig. 4. The profile transect AB is drawn along the 
axis of the valley, which stratigraphical studies”? have shown 
to continue beneath the peat deposit. On this transect the 
highest point of the mire surface lies at an altitude of 356.2 m, 
whence H,,=8.2m. The contour intersections are plotted in 
Fig. 5. The distance along AB between the lagg streams is 
547 m, but of this 27m is occupied by surfaces of seepage 
supporting Carex rostrata fern communities, mainly adjacent 
to the Green Burn. Taking 520 m as the correct value of 2L 
for substitution in equation (4) gives a morphologically based 
estimate of U/K =9.95x10°* which, when substituted in 
equation (3), generates the thick curve drawn in Fig. 5. Except 
near. the ends, where the Dupuit-Forchheimer approximation 
is likely to be weakest, and around the 100-m point on AB 
where the contours indicate flow diverging from the transect, 
the points lie close to the hypothetical ellipse. 

The site has also yielded data for a preliminary estimate of 
U/K based on hydrodynamics. There are at present no sophisti- 
cated criteria for choosing the time period most appropriate 
for an estimate of U, but 1yr is the shortest period during 
which all the relevant seasonal biological and geophysical 
srocesses are represented and which can be selected so that 
\W =0. Since investigations began at Dun Moss. the driest 
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year experienced has been May 1972 to April 1973, for which 
a provisional water balance was drawn up by Mott?! as shown 
in Table 1. This suggests 5.9 x 107 cms"! as a tentative minimal 
estimate of U. Extensive field studies of water transmission 
through the top of the catotelm at Dun Moss were carried out 
by Rycroft", The results of numerous tests with seepage 
tubes” suggested that Darcy’s law is only an approximate 
description of flow in humified peat, but that K values deter- 
mined in the latter parts of long tests (f > 10° s) give a reasonable 
indication of the permeability characteristics. Stratigraphical 
analysis showed that the raised peat deposit comprised varying 
amounts of the remains of Eriophorum vaginatum and Calluna 
vulgaris in a matrix of Sphagnum species (mostly S. imbricatum 
and sect. Acutifolia), generally humified to about H4 on von 
Post's scale. Consistent sets of results were obtained from H4 
Sphagnum peat with traces of Eriophorum at depths of 70- 
80 cm at sites C510F and C520F: neighbouring positions within 
60m of the centre of the mire expanse. Variable head tests 
showed K >2.1x10°*cms™! while constant head depletion 
tests showed K >7.9 x 10°“ cm s™', suggesting 5.0x 10°* ems” 
as a modal value which we may tentatively accept for the 
catotelm as a whole, there being no seepage tube technique 
yet available for use at peat depths exceeding about 1.5 m. 
Taking these tentative values as best available estimates, we 
obtain 


U/K =1.2x10" 


as a hydrodynamically based estimate of the quotient for the 
driest year experienced. This exceeds the morphologically based 
estimate by 20% and corresponds with the thin curve in Fig. 5. 


Discussion 


Ecosystems are entities in which biological, geochemical and 
geophysical processes interact. Conceptual models of ecosys- 
tems may, as with feeding or foraging studies, be fundamentally 
biological. When concerned with nutrient cycling they are basi- 
cally geochemical. When dealing with energy capture or water 
movement their essence may be geophysical. All three elements 
may be involved in models of phenomena like succession and 
may contribute to our understanding of whole ecosystems”. 
Peatlands owe their existence to peculiar soil water regimes. It 
follows that we should look especially to soil physics and hydro- 
logy in our early efforts to build conceptual models of mire 
ecosystems, 

In the present instance, precise conformation between the 
profile of Dun Moss and its hydrodynamics is scarcely to be 
expected. Among other complications, it is unlikely that our 
estimate of U for the driest year for which we happen to have 
data is actually the lowest discharge experienced. Furthermore 
the deposit merely resembles the model envisaged in Fig. 2, 
and its geometry in plan suggests that seepage is neither rec- 
tilinear nor parallel to the valley axis throughout the ground- 
water mound, However, the similarity of the profile to an ellipse 
whose parameters are in reasonable accord with what is known 
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Fig. 5 Profile of mean hollow altitudes on the surface of Dun 
Moss in the vicinity of transect AB (Fig, 4). Plotted points: contour 
intersections from Fig. 4. Thick line, Dupuit~Forchheimer ellipse 
for U/K =9.95 x10“, the morphometric estimate, denoting the 
shape predicted on the groundwater mound hypothesis. Thin line, 
the same for U/K =1.2« 10°, the hydrodynamic estimate for 
the driest year in a decade. (Vertical scale exaggerated 20-fold.) 
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of the hydrodynamics of the catotelm seems to support the 
groundwater mound hypothesis. 

This hypothesis accords with work by Weber”, whose early 
systematic studies of raised mire ecosystems led him to conclude 
that they were sustained by meteoric water and impeded drain- 
age. It also postulates a mechanism for the close control of the 
shapes of these ecosystems. Given that the permeability of 
moderately altered Sphagnum peat (H3-H6) varies rather little 
with humification®™’, equation (4) predicts that damper climates 
will support raised mires of more pronounced convexity (higher 
ratios of Hm : L). Such trends have been reported for Southern 
Sweden’? and the Federal German Republic™, while a com- 
parison of the convexity of raised mires in two regions of Finland 
with similar climates showed little difference®’. Equation (3) 
suggests that growth at all points on the surface of a raised 
mire is likely to proceed at synchronal rates, even under 
fluctuating climates. This agrees with stratigraphical findings 
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Acumentin, a protein in macrophages which caps 
= the ‘pointed’ end of actin filaments 
Frederick S. Southwick & John H. Hartwig 


Hematology—Oncology and Infectious Disease Units, Massachusetts General Hospital, Department of Medicine, Harvard Medical School, Boston, 
Massachusetts 02114, USA 


Macrophages have a calcium-insensitive protein which binds to and inhibits monomer addition at the ‘pointed’ end of 
actin filaments labelled with heavy meromyosin. This protein, in concert with calcium-sensitive proteins already shown 
to bind the ‘barbed’ end of filaments, can lead to complete control of actin filament length in the cytoplasm. The blocking 
of actin filament ends in low as well as high calcium concentrations would prevent treadmilling in living cells. 


HUXLEY’ first recognized a polarity in actin filaments, and 
showed that heavy meromyosin bound to actin filaments, giving 
the appearance of arrowheads attached to the filaments. The 
direction of the arrowheads defines a ‘pointed’ and a ‘barbed’ 
end of the filaments, and during the contraction of striated 
muscle, actin moves in the direction of the pointed end. Sub- 
sequently, several investigators demonstrated that the associ- 
ation constant for monomer addition is greater at the barbed 
end of actin filaments decorated with heavy meromyosin than 
at the pointed end?*. The barbed and pointed ends of actin 
filaments labelled with heavy meromyosin have therefore been 
called the preferred and unpreferred assembly ends, respec- 
tively. An observed inequality in dissociation to association rate 
constant ratio at the opposite ends of filaments at steady state* 
has given weight to the concept called’ treadmilling’, which 


refers to a process in which actin monomers in equilibrium with 
actin polymers cycle within the filaments from the ends having 
the lower to the ends having the higher critical concentration. 
If such treadmilling exists it could cause rearrangement of 
actin-based structures in the cytoplasm of non-muscle cells®. 
The concept of treadmilling also predicts that anything which 
prevents an exchange of monomers with the barbed filament 
end would shorten the filament, and such capping at the pointed 
end would cause filament elongation. 

Another manifestation of actin filament polarity is the binding 
of different molecules to one end of the filament. Recent work 
has identified several molecules that bind to the barbed end of 
actin filaments: these include gelsolin’”'°, a protein found in a 
wide variety of mammalian cells’’; villin, a protein very similar 
to gelsolin and present only in the microvilli of intestinal and 
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Fig. 1 Binding of acumentin to F-actin and correlation of its binding with 
changes in the final viscosity of actin. Rabbit skeletal muscle actin™” 
0.65 mg ml~', in 0.8 mM EGTA, 1.25 mM dithiothreitol, 0.05 mM MgCl, 
0.5mM ATP and 5mM _ imidazole-HCl, pH 7.5, was gel-filtered on 
Sephadex G-150 and polymerized in the presence of increasing concentra- 
tions of acumentin by the addition of 3 M KCI to a final concentration of 
0.1M at 25°C for 2h. The specific viscosity of actin was determined in 
Cannon-Manning capillary viscometers and was 0.61 in the absence of 
acumentin. The outflow time for water in these viscometers was 48-50 s. 
‘The binding of acumentin to G-actin was determined by centrifuging 175 yl 
of the various actin solutions at 30 p.s.i. in a Beckman airfuge for 1h to 
pellet all F-actin present. The amounts of acumentin in the pellet and 
supernatant fractions were determined by densitometry of Coomassie blue- 
stained polyacrylamide gels after electrophoresis in the presence of SDS. 
Acumentin alone did not sediment. Macrophage acumentin migrates as a 
single polypeptide band of molecular weight 65,000 (Tatsumi e? al., manu- 
script in preparation). This molecular weight was used to calculate the molar 
concentration of bound acumentin (©). 


renal brush border epithelial cells'‘*"'*; a protein of Acan- 


thamoeba'*; and the cytochalasins*'®’’. Such molecules, in 
addition to binding to the barbed end of F-actin, stimulate 
nucleation of actin assembly and shorten the filaments whether 
added to actin during or after polymerization. The activities of 
gelsolin and villin are modulated by calcium. Gelsolin and villin 
bind to actin much more efficiently in the presence of micro- 
molar calcium concentrations than in lower concentrations. The 
calcium-dependent shortening of actin filaments by gelsolin and 
villin provides a mechanism by which changes in calcium levels 
can regulate the length of actin filaments. However, to maintain 
total control over the filament length, it would be advantageous 
to cap both ends of the filaments because otherwise some 
filament annealing and monomer exchange might occur. 





Table 1 Effect of macrophage acumentin and gelsolin on the direction of filament 
growth from F-actin decorated with heavy meromyosin 


Type -A EA -dq- << —_ (nì 
F-actin alone 2.6(2) 13(10) 52{40) 7.8(6) 25{29) 77 
F-actin + 

acumentin 3.0(2) 38(26) 4513) 16(11) 37 (28) 67 
F-actin + 

gelsolin 20 (15) 143(D L304) 52{40) 256{(20) 77 
F-actin + 

gelsolin + 

acumentin 2.0 oe — 84 (88) 24(25) 102 





Actin®’, Img ml', in 0.2mM, CaCL, 0.5mM 2-mercaptoethanol, 2mM 
Tris-HCI pH 7.5, was polymerized in the absence or presence of gelsolin (molar 
ratio of 1 gelsolin to 50 actins) by the addition of 0.1 M KCl for 1 h at 25°C and 
then incubated with or without acumentin (1 mol acumentin to 25 actins) for an 
additional 30 min at 25°C. The filaments formed were then incubated with 
img mi™ skeletal muscle heavy meromyosin for 10 min at 25°C. 25 ym ml ' 
of each was then mixed with 100 yg ml"! of G-actin and the KCI concentration 
adjusted to 0.1 M and incubated at 25 °C for 5 min. The protein solutions were 
then placed in microtitre wells, and a strip of mica previously coated with carbon 
inserted such that the carbon layer floated on the surface of the solution but was 
not freed from the mica strip. The mica was then removed, allowing the carbon 
to re-attach, and inserted in a 1% uranyl acetate solution. The carbon was freed 
from the mica, Formvar-copper grids were dropped on to the carbon, and the 
grids were removed from the uranyl acetate solution with a strip of parafilm. The 
dried grids were photographed in a Philips 301 electron microscope and the 
negatives enlarged to a final magnification of x60,000. Data are expressed in 
per cent with the number of filaments observed in parentheses. ~—<<€, Growth 
of actin from the pointed end only, <«<—, barbed end only, ~~, both ends, 
or <4, lack of assembly onto heavy meromyosin-labelled nuclei, and —, 
filaments that did not have labelled nuciei attached. 


6-Actinin, a protein isolated from skeletal muscle, is the only 
agent thus far suggested to bind the pointed end of actin 
filaments'*'°. This protein inhibits the annealing of actin 
filament fragments. When annealing of a mixture of sonic 
fragments of actin decorated with heavy meromyosin and 
undecorated fragments occurred in the presence of B-actinin, 
Maruyama et al. had the impression that, compared with con- 
trols, more bare filaments attached to the barbed end of decor- 
ated segments than to the pointed end’’. However, the barbed 
end of the decorated filament is in any case preferred for 
assembly, and therefore it is difficult to show an increase in 
assembly or annealing from that end. The existence of agents 
that block the barbed end of filaments makes it possible to 
ascertain blocking of the pointed end with more certainty. Using 
this approach we have found that a protein purified from human 
granulocytes’ and rabbit lung macrophages binds to the 
pointed end of actin filaments. We propose to name this protein 
acumentin, from the Latin acumen meaning the point. 


Acumentin binds and caps the pointed 
ends of actin filaments 


Binding of acumentin to the pointed or unpreferred end of 
heavy meromyosin-labelled actin filaments was demonstrated 
indirectly in the electron microscope by observing the assembly 
of actin nucleated by actin filaments decorated with heavy 
meromyosin?” in the presence and absence of acumentin. As 
shown in Table 1, the addition of decorated actin filaments to 
a solution of monomeric actin resulted in the growth of filaments 
from both ends of the nuclei, an observation in agreement with 
previous findings’*. In some filaments growth was limited to 
only one end of the nuclei, with a bias of 5 to 1 favouring the 
barbed ends of the actin nuclei, the end known to have the 
most rapid assembly rate*. The addition of acumentin to actin 
nuclei markedly decreased the instances of actin assembly from 
the pointed ends of the nuclei. Although the findings are con- 
sistent with binding and capping of the pointed end of a filament 
by acumentin, this could also have been due to a second 
mechanism. The presence of unbound acumentin in the system 
could potentiate the formation of actin nuclei. Rapid filament 
assembly from these acumentin would decrease the actin 
monomer concentration, a condition that would favour the 
assembly of actin from the barbed or preferred assembly end 
of actin filaments decorated with heavy meromyosin. As 
demonstrated in Table 1, acumentin did increase the number 
of bare filaments. 

Experiments using gelsolin ruled out this alternative. The 
gelsolin—calcium complex prevents assembly at the barbed end“ 
and increases the actin monomer concentration, a condition 
which favours growth at the pointed end (Table 1). Addition 
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Fig. 2 Effect of increasing concentrations of acumentin on the critical 
concentration of macrophage actin-binding protein required for incipient 
gelation of F-actin. Actin, 5 mg mi `', in buffer A was polymerized by the 
addition of 3M KCI to a final concentration of 0.1 M for 1.5h at 25°C. 
The F-actin was then diluted to 1 mgml™* in the presence or absence of 
acumentin and increasing concentrations of macrophage actin-binding pro- 
tein. The solutions were mechanically mixed before being drawn up into 
capillary tubes. The final concentrations of acumentin were 0 (@), 20 (A) 
and 30 ($) um mi~’, respectively. Gel points were determined as described 
by Yin er al. using a rolling ball viscometer”. 
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Fig. 3 Effects of acumentin 
on the kinetics of actin poly- 
merization as determined by 
viscometry. a, Effect of 
acumentin on the nucleation 
of actin. Actin, gel-filtered on 
Sephadex G-150, was poly- 
merized at a concentration 
of 0.65 mg mI™> in 1.5mM 
dithiothreitol, 0.175 mM 
ATP, 0lmM EGTA, 
0.02 mM MgCl, and 5 mM 
imidazole-HCl, pH 7.5, in the 
presence (@) or absence (O) 
of 0.122 mg ml of acumen- 
tin by the addition of 3 M KCI 
to a final concentration of 
30 mM. b, Effect of acumen- 
tin on actin filament elonga- 
tion. Gel-filtered actin, 
0.5 mg m~’, in buffer A was 
polymerized by the addition 
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of 1M MgC), to a final concentration of 1 mM in the presence (@) or absence (O) of 0.55 mg ml“! of acumentin for 1 h at 25°C. The filaments formed were 
used to nucleate actin assembly; 33 yl of each was then added to 300 pl of 0.5 mg ml™' of G-actin in buffer A. The solution was immediately made up to 20 mM 
with 3 M KCI and 0.4 mM with 2M MgCl, and its viscosity followed with time at 25°C. The dotted line shows the polymerization of 0.5 mg mi~! of actin in 
the absence of added acumentin F-actin nuclei. c, Additive effects of acumentin and gelsolin on actin filament elongation. 0.5 mg ml~? of actin in the buffer 
detailed in Fig. 4b legend was polymerized in the presence of 33 ug ml”! of gelsolin by the addition of 2M MgCl, to a final concentration of 1 mM. The 
gelsolin-F-actin complexes were then incubated with or without acumentin, 0.55 mg m~t, for 1h. 50 pg mi~? of F-actin alone (O), gelsolin~F-actin (@) or 
gelsolin-F-actin—acumentin solution (M) were added to 0.5 mg mI“! of G-actin. The solutions were immediately made 20 mM and 0.4 mM in KCI and MgCl 


{ref. 2) by addition of 3 M KCI and 2 M MgCl, respectively. 


of acumentin to the preparation of labelled nuclei almost com- 
pletely abolished growth from the labelled filaments, and there 
was no increase in the number of unlabelled filaments. The 
data establish that acumentin caps the pointed end. Experi- 
ments described below using biophysical techniques are all 
consistent with the conclusion that acumentin binds to the ends 
of actin filaments. 


Assembly of actin with acumentin shortens 
the filament length distribution 


When actin is polymerized in the presence of acumentin, its 
final viscosity is decreased relative to that of actin assembled 
in its absence*’. Figure 1 shows the correlation between the 
capacity of acumentin to bind to actin during polymerization 
with its ability to reduce the final equilibrium viscosity of actin 
after assembly. The binding of acumentin to actin filaments 
increased in proportion to the decrease in final viscosity of the 
actin solution. This effect of acumentin on the viscosity of actin 
resulted from the formation of shortened actin filaments, 
because acumentin does not increase the fraction of monomeric 
actin in equilibrium with actin filaments. Although the ability 
of acumentin to reduce the final viscosity of actin was indepen- 
dent of calcium concentration (1078-107 M), its effects on actin 
viscosity could be inhibited by KCI concentrations above 0.1 M, 
complete inhibition occurring at 0.3 M KCI (ref. 20). Binding 
was determined by co-sedimenting acumentin bound to 
filaments polymerized in its presence. In this assay, the amount 
of acumentin bound to actin correlated with the degree of 
filament shortening, and binding increased in almost direct 
proportion to the concentration of acumentin added. At any 
given acumentin concentration only 12.6+2% (mean s.d.) of 
the added acumentin was bound. As acumentin.was present 
during actin assembly, each molecule theoretically could have 
bound monomers to form nuclei, suggesting that low affinity 
rather than a limited capacity was responsible for this low level 
of binding. The observed linear increase in binding is consistent 
with the conclusion that acumentin stimulates actin nucleation 
(Fig. 3a), thereby increasing filament number. Therefore, the 
amount of acumentin bound will be directly related to the 
number of filament ends. 

The conclusion that filaments were shortened is further 
supported by the finding that acumentin increased, in a con- 
centration-dependent fashion (Fig. 2), the critical amount of 


cross-linker required to gel a solution of actin. As the critical, 


gel point is inversely related to filament length”’, acumentin 
must decrease the average length of actin filaments. The weight- 
average lengths of actin filaments polymerized in the presence 


of 20 and 30 pg ml~' of acumentin can be calculated directly 
from the gel point determinations, using the Flory equation: 
V= C/X,,, where V, is the critical gel point in mol™’, C is the 
polymer concentration in gl”’ and X,, is the weight-average 
molecular weight of the actin filaments”’. The calculated length 
of actin filaments polymerized in the absence of acumentin was 
2.44 um, and 1.78 and 1.2 um in the presence of 20 and 
30 pg ml” of acumentin, respectively. 

A comparison of the gel point values with the binding data 
supports the idea that one acumentin molecule is bound per 
actin filament. Assuming that 12.6% of the added acumentin 
was bound to actin filaments, then for 1.0 mg ml” of actin, 
1 mol of acumentin would be bound for every 609 and 409 
actin monomers in filaments for 20 and 30 pg ml~’ of acumentin 
added, respectively. Dividing these values by the known number 
of monomers per unit filament length (370 monomers per um 
(ref. 22)) gives respective lengths of 1.64 and 1.11 um. The 
values are in reasonable agreement with those determined from 
the gel point values. : 

We studied the effect of acumentin on the nucleation and 
elongation steps of actin polymerization and on filament anneal- 
ing to analyse the mechanism by which acumentin affects 
filament length. As shown in Fig. 3a, acumentin accelerates the 
onset of actin polymerization; this suggests that acumentin 
promotes the nucleation of actin monomers. Growth of 
filaments from these nuclei may result in the formation of a 
larger number of shortened filaments relative to actin assembled 
by spontaneous nucleation, because more nuclei are competing 
for the monomer pool®. However, this effect alone is insufficient 
to maintain the filaments in a shortened state because such 
filaments would reanneal with time to a normal length distribu- 
tion. Short filaments are stabilized at equilibrium by the fact 
that acumentin binds to their ends (Fig. 3b) and prevents 
annealing and redistributing to a longer length distribution, as 
amplified below. 

To study the elongation phase of filament assembly, 
nucleation was stimulated maximally by adding nuclei in the 
form of actin filaments to solutions of monomeric actin. The 
addition of the F-actin. nuclei to monomeric actin resulted in a 
rapid polymerization of actin, as judged by an immediate 
increase in the viscosity of the solution (Fig. 3b). On the other 
hand, the addition to monomeric actin of nuclei in the form of 
actin filaments which had been assembled in the presence of 
acumentin, promoted a slower initial rate of assembly than did 
the addition of actin nuclei alone. Therefore, nuclei capped 
with acumentin, like nuclei reacted with other agents which 
bind to the end of actin filaments®’®'*”* are less effective than 
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Fig. 4 Effect of acumentin on the annealing of F-actin fragments. F-actin, 
0.25 mgm, in 0.1M KCI, 0.2mM CaCl, 0.5mM ATP, 0.5 mM 2- 
mercaptoethanol, 2 mM Tris-HCl, pH 7.5, was mixed ona mechanical mixer 
with (MB or without (©) 32 pg ml”! of acumentin. The flow birefringence 
and extinction angles of the two solutions were determined as described 
by Maruyama”. The solutions were then sonicated for 40s on ice and the 
recovery of birefringence from sonication was then followed with time. 


F-actin had a final extinction angle of 3°. Acumentin increased the extinction 


angle to 8°. Velocity gradient was 100s‘. 


actin nuclei in stimulating the growth of actin. This effect is a 
consequence of the decrease in the number of ends on the 
nuclei available for binding of actin monomers. 

Acumentin and gelsolin have additive inhibitory effects on 
filament elongation (Fig. 3c). When actin filament fragments 
capped with gelsolin were added to G-actin solutions, the onset 
of actin assembly was immediate as judged by the increase in 
the viscosity of the solution. However, the initial rate of filament 
assembly was lower than that of polymerization nucleated by 
addition of actin filaments alone. The addition of acumentin to 
the nuclei capped by gelsolin further depressed the rate of 
filament assembly without affecting the onset of polymerization. 
The combination of the two proteins might at first glance be 
expected to block both ends of the nuclei, thereby causing actin 
to assemble as if no nuclei were added. There are two reasons 
this result was not observed. First, gelsolin affects actin poly- 
merization in several ways. It reduces the number of free nuclei 
ends by binding to the barbed end of actin filament nuclei. 
However, gelsolin also ‘severs’ actin filaments, thereby creating 
new pointed ends****. Moreover, free gelsolin nucleates actin 
monomers. Second, acumentin also reduces the number of free 
filament ends by binding to the pointed end of the filaments. 
However, free acumentin can also nucleate actin monomers. 
Therefore, as free molecules of acumentin and gelsolin were 
not removed in the conditions of the experiment shown in Fig. 
3c, unbound gelsolin and acumentin would be present in the 
solution. These molecules could nucleate actin monomers, pro- 
ducing new filaments with one free end. In addition, gelsolin 
would be expected to produce new ends by cutting filaments. 
Therefore, the combined effect of gelsolin and acumentin is 
explained most simply by a reduction in, but not a complete 
removal of, filament ends. 

As shown in Fig. 4, acumentin inhibits the annealing of 
broken actin filaments. When actin was disrupted by sonication 
in the absence of acumentin, flow birefringence values 
recovered rapidly. Shearing of actin filaments in the presence 
of acumentin on a mechanical mixer or sonication caused an 
immediate and persistent decrease in the flow birefringence 
value of the actin, indicative of filament shortening. The 
decrease in birefringence after shearing is consistent with bind- 
ing of acumentin to the ends of actin filaments which had been 
fragmented by shear and with the inhibition of annealing of 
these capped fragments. 


Biological implications 
Acumentin binds and caps the pointed end of actin filaments, 


and potentiates the nucleation step of actin assembly. This effect 
increases the number of nuclei available for addition of actin 
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monomers and distributes the resulting polymer mass over more 
filaments, thus shortening the filament length distribution. The 
filaments elongate more slowly and remain short because 
acumentin caps one of their ends. Whether acumentin shortens 
filaments by actively severing them or by inhibiting broken 
filaments from annealing is unknown. All experiments involved 
mechanical shearing of the filaments, and transient filament 
fragmentation invariably results from these manipulations’’. 

Phagocytic leukocytes have a layer of distinct cytoplasm 
located just beneath their plasma membrane, and this cortical 
cytoplasm is redistributed during cell movement. Electron 
micrographs of the corfex of these cells reveal the presence of 
short actin filaments 100-300 nm long**”’. 

The abundance of acumentin in leukocytes may in part 
explain the existence of these short filaments. The molar ratio 
of acumentin to actin in cytoplasmic extracts is 1 to 5 (ref. 20). 
Assuming that 10% of the acumentin in the cortex were bound 
to actin, 1 acumentin molecule would cap a filament containing 
50 actin molecules or one which was 135 nm long. We presume 
that acumentin would be constitutively bound to actin filaments, 
the amount bound being determined solely by its affinity for 
actin, because its binding to actin is equivalent in high and low 
calcium concentrations. The gelsolin—calcium complex confers 
the remaining control and the fine regulation of filament length. 

Exchange of actin monomers with the ends of filaments would 
be totally inhibited if both ends were capped by acumentin and 
gelsolin, a condition that would occur in the cell when the free 
calcium level is greater than micromolar. When the free calcium 
concentration decreases below micromolar concentrations gel- 
solin dissociates from the barbed end of the filament. Filaments 
with freed barbed ends would compete with acumentin for the 
pointed ends of the filaments. Our binding data suggest that 
the affinity of acumentin for the pointed end of actin filaments 
is lower than that of actin monomers for the barbed end of 
filaments’, and probably lower than the affinity of filament ends 
for each other during annealing. High concentrations of actin 
filaments with free barbed ends could displace acumentin from 
the pointed ends of other filaments. In these conditions the 
average filament length would increase. 

When the free calcium concentration rises sufficiently, gel- 
solin would split actin filaments and remain bound to their 
barbed ends. This would decrease the number of barbed and 
increase the number Of pointed filament ends. In the absence 
of acumentin, residual free barbed filament ends would anneal 
with the pointed ends. of other filaments and free monomers 
could also bind to the pointed ends. Capping of the pointed 
ends by acumentin would prevent either this filament annealing 
or monomer addition, thereby conferring a greater degree of 
precision to the control of actin filament length by the calcium- 
gelsolin complex. 

Furthermore, the interaction of acumentin and gelsolin with 
actin could permit rapid changes in legnths of existing filaments 
without concomitant alterations in a pool of monomeric actin 
which might cause the uncontrolled formation of new filaments. 
Finally, the presence of an agent that constitutively blocks a 
filament end, renders unlikely the existence of actin treadmilling 
in the living cell. 
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Protamine is an inhibitor of angiogenesis 
Stephanie Taylor & Judah Folkman’ 


Department of Surgery, Children’s Hospital Medical Center and the Departments of Anatomy and Surgery, Harvard Medical School, Boston, 
Massachusetts 02115, USA 


Protamine is shown to be a specific inhibitor of angiogenesis. The compound inhibits the capillary proliferation observed 
in embryogenesis, inflammation; certain immune reactions and the growth of solid tumours. 


ANGIOGENESIS, the growth of new capillary blood vessels, is 
important in normal processes such as development of the 
embryo, formation of the corpus luteum and wound healing. 
It is also a component in pathological processes such as chronic 
inflammation, certain immune responses and neoplasia’. 
Furthermore, angiogenesis is a property of most solid tumours 
and is necessary for their continued growth*. Consequently, we 
have hypothesized that an angiogenesis inhibitor might be used 
to control tumour growth’. 

During our early studies of angiogenesis we observed that 
mast cells accumulated at a tumour site before the ingrowth of 
new capillary sprouts, but that mast cells alone could not initiate 
angiogenesis’. We later postulated that mast cells might facili- 
tate the continuous migration’ of capillary endothelial cells 
towards the solid tumour. When capillary endothelial cells were 
cloned and carried in long-term culture®, and a quantitative 
assay was devised to measure their migration rate’, we found 
that heparin released by mast cells increased the migration 
(chemokinesis) of capillary endothelial cells in vitro*?. Pro- 
tamine, an arginine-rich basic protein of 4,300 molecular weight 
(M,), found only in sperm and known for its capacity to bind 
heparin, blocked the ability of mast cells and heparin to stimu- 
late migration of capillary endothelial cells*° 

We now show that protamine is a specific inhibitor of 
stimulus. Protamine released locally prevents the neovasculari- 
zation induced by an inflammatory agent or by an immune 
reaction and it inhibits capillary proliferation in the embryo. 
Protamine also inhibits tumour angiogenesis and subsequent 
tumour growth when it is applied locally, but in only a few 
cases when it is administered systemically. It has no effect on 
established capillaries that are not proliferating. We further 
show that heparin can enhance the intensity of angiogenesis 
induced by tumour extract in vivo but that heparin alone cannot 
initiate angiogenesis. 


Inhibition of angiogenesis in the embryo 


The effect of protamine on growing embryonic vessels was 
investigated using chick embryos of different ages. Capillaries 
appear in the yolk sac at 48 h and grow rapidly over the next 
6-8 days. Protamine in methylcellulose disks applied locally 
inhibited capillary growth and produced a large avascular zone 
in the yolk sac (Fig. 1), whereas control embryos implanted 
with empty disks did not develop avascular zones. 

Heparin added to the protamine disk prevented the develop- 
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ment of the avascular zone (Fig. 1). The non-anticoagulant 
fraction of heparin t was equally effective in this action, while 
heparin alone did not cause an avascular zone. 

In contrast, protamine had no -effect on mature, non- 
growing” vessels studied on the chorioallantoic membrane. at 
day 10. However, protamine applied to younger proliferating 
vessels of the day 5 or.6 chorioallantoic membrane produced 
a large avascular zone within 48 h. 


Inhibition of tumour angiogenesis 

The first indication that protamine could inhibit tumour 
angiogenesis came from studies of heparin on the chick 
chorioallantoic membrane (CAM). When 100 wg of tumour 
extract (partially purified for angiogenesis activity from human 
hepatoma cells)’ was placed on the CAM, new capillary growth 
was elicited within 48 h in 90% of the eggs. Addition of heparin 
(6 wg, that is, 1 unit) reduced to 25 ug the amount of tumour 
extract required to elicit neovascularization in 100% of eggs, 
and reduced the interval between implantation and capillary 
growth to 24 h (Fig. 2). Heparin alone had no effect. Addition 
of protamine just sufficient to neutralize heparin (12 pg) elimi- 
nated the angiogenesis enhancing effect of heparin. However, 
when protamine was increased to 20 ug, it prevented all 
angiogenesis induced by tumour extract (25 wg) (Fig. 2). 

A further test used a sustained release pellet’? of protamine 
positioned between tumour and. normal vessels in the rabbit 
cornea’*, allowing quantification of the inhibition of new capil- 
lary proliferation as a function of the rate of linear capillary 
growth. A protamine pellet juxtaposed to a V2 carcinoma 
implant almost completely inhibited capillary growth. In con- 
trast, in the untreated eyes, tumours were vascularized by 
hundreds of new capillary sprouts and grew rapidly. Tumours 
in the protamine treated eyes did not become vascularized until 
the protamine pellet was removed. The mean vessel growth 
rate in the protamine-treated eyes was 0.02+0.01 mm per day 
compared with 0,25+0.07 mm per day in the untreated eyes 
(Figs. 3a, b and 4). 

A more rigorous test of an angiogenesis inhibitor is to implant 
tumour directly into vascular tissue. Thus when V2 carcinoma 
and protamine pellets. were implanted in a subcutaneous 
pouch’? in the rabbit ear, the density of neovascularization 
(observed by transilluminating the ear) was markedly reduced 
in comparison with tumour in the opposite ear not exposed to 
protamine. Although vessel growth rates could not be 
quantified, tumour growth could be. Protamine-treated 
tumours grew at a mean rate of 8+ 1 mm” per day compared 
with 68+5 mm” per day for untreated tumours (Fig. 5). By 
histological section, the protamine-treated tumours, while still 
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Fig. 1 Inhibition of angiogenesis by 
protamine in the chick embryo yolk-sac 
vascular membrane. Fertilized embryos 
are placed in a Petri dish on day 4 and 
cultured in a humidified incubator in 5% 
CO, as previously described**. Pro- 
tamine sulphate (Calbiochem) is dissolved 
in distilled H,O to make 14.3 ye ul’. 
500 ul of this solution is added to 500 ul 
of 1% (w/v) methylcellulose (in distilled 
water, previously sterilized by autoclav- 
ing). Aliquots (7 wl) of this mixture are 
pipetted onto Teflon moulds of 3.2 mm 
diameter and allowed to dry (J. Barlow 
and J.F., unpublished). The resulting 
methylcellulose disk contains 50 ug pro- 
tamine and can be peeled away from the 
Teflon mould. For control disks, 500 wl 
H,O is substituted for the protamine. For 
photographic purposes, India ink can be 





Control i 


Protamine 


added to the methylcellulose (2 ul per 100 ul). A methylcellulose disk (white arrow) was placed at the advancing edge of the vascular membrane on day 4 and 
the resultant avascular zone (black arrows) measured on day 6. The outlines of the yolk sac and of the avascular zone were traced on top of the Petri dish cover 
and converted to area with a Zeiss MOP-3 digital image analyser (Carl Zeiss). Forty-three embryos were implanted with protamine disks. The mean area of 
the vascular membrane on day 6 was 24.8+ 1.0 cm°, The mean area of the avascular zones produced by protamine was 3.0+0.4 cm’, or 12.4% of the original 
vascular area, In 43 control embryos implanted with empty disks, the mean area of the vascular membrane was 23.6 + 1.0 cm’. There was no avascular zone in 
these embryos. Heparin (25 pg) added to the protamine disk prevented the development of the avascular zone. The non-anticoagulant fraction of heparin’? was 
equally effective in preventing the protamine-avascular zone. Heparin alone did not cause an avascular zone. While the size of the avascular zone was dose 
related to protamine, it was not specific for protamine. Extremes of pH and osmolarity could also produce an avascular zone. 


viable, were either avascular or were penetrated only sparsely 
by capillaries. In contrast, the untreated tumours were pervaded 
by a dense capillary network. 


Inhibition of inflammatory angiogenesis 


To determine whether protamine could inhibit inflammatory 
angiogenesis’°, a focus of chronic inflammation was established 
in the rabbit cornea by implanting silica particles. In each of 
six rabbits, a protamine pellet (prepared as described in Fig. 3 
legend) was implanted between the silica and the normal vas- 
cular bed. An empty pellet was implanted in the opposite eye. 
New capillaries appeared at 2 days in the untreated eyes and 
grew towards the silica at a mean rate of 0.2+0.02 mm per 
day. By contrast, in the protamine-treated eyes the mean vessel 
growth rate was 0.06+0.01 mm per day. When the protamine 
pellet was exhausted or removed, new capillaries advanced 
towards the silica at the same rate as in untreated eyes. 


Inhibition of immune angiogenesis 


To determine whether protamine could block immune 
angiogenesis’, fragments of rabbit lymph node were implanted 
in corneal pockets of nine outbred rabbits. Either a protamine 
pellet or an empty pellet was implanted between the node and 
the normal vascular bed. In the absence of protamine, new 
capillaries entered the cornea by day 4 and advanced towards 
the lymph node at a mean rate of 0.20+0.03 mm per day. In 
the presence of protamine, angiogenesis was suppressed com- 
pletely until day 8, when a few vessels began to grow at 0.05+ 
0.03 mm per day. 


Systemic administration of protamine 


Although the systemic administration of protamine was limited 
by its toxicity at high doses (lethargy, weakness and occasionally 
sudden death), it has, within the tolerated doses, been used to 
test the inhibition of growth of four types of lung metastases 
and three of their subcutaneous primary tumours. 

Protamine concentrations in the lung were fivefold greater 
than in the subcutaneous tissue, and 40-fold greater than in 
the skin. 

Lung metastases. To test whether systemically administered 
protamine was an effective inhibitor of tumour growth, mice 
with lung metastaases were treated with subcutaneous pro- 
tamine at 12-h intervals (Fig. 6). When mice which had received 
Lewis lung tumour cells, B16 melanoma cells (subcutaneous 
strain) or B16 melanoma (tissue culture strain) either 
intravenously (i.v.) or subcutaneously (s.c.) were treated with 
a well tolerated dose of protamine (60 mg per kg, s.c., every 
12 h), there was 77-92% inhibition of mean lung metastases 


% CAMs with angiogenesis 


tumour volume compared with saline-treated animals. The 
number of lung metastases did not differ significantly between 
protamine- and saline-treated animals with the exception of 
the two strains of melanoma. 

Similarly, when rats which had received Walker 256 car- 
cinoma cells i.v. were treated with a well tolerated dose of 
protamine (120 mg per kg, s.c., every 12h), there was 97% 
inhibition of mean lung metastases tumour volume compared 
with saline-treated animals (Fig. 6). The number of metastases 
was also reduced: there were 3 metastases per rat in the pro- 
tamine-treated animals compared with 64 metastases per rat 
in the saline-treated animals (Fig. 6). 

Subcutaneous tumours. The growth of neither Lewis lung 
carcinomas nor B16 melanoma (subcutaneous strain) when 
implanted s.c. was significantly inhibited by protamine except 
for some inhibition of the former at highly toxic doses (135 mg 
per kg). However, systemic protamine did inhibit the growth 
of subcutaneous tumours of B16 melanoma (tissue culture 
strain), as will now be described. 
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Fig. 2 Angiogenesis on the chick chorioallantoic membrane (CAM). 
Tumour extract (25 yg, from hepatoma cells’) in 5 yl H,O was placed on 
the centre of a round plastic coverslip (Thermanox, 15 mm diameter) (J. 
Barlow and J.F., unpublished data). To each disk was added another 5 pl 
aliquot containing either heparin (6 wg) or one of the test compounds. The 
coverslip was allowed to dry, placed on the CAM of 9-day-old embryos 
and viewed 24h later with a x12 stereomicroscope. Angiogenesis was 
present if new capillaries converged on the spot in the centre of the coverslip. 
Controls were poly-L-arginine (M, 130,000, Sigma), po!y-L-glutamic acid 
(M, 10,000) and poly-L-lysine (M, 3,000). The five bars on the left represent 
50 eggs each. The remaining six bars to the right represent 15 eggs each. 
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Fifty-two C57BL/6 mice received 4.6 x 10’ melanoma tissue 
culture strain F2"* s.c. (smaller inocula of 10°, 10* and 10° cells 
also produced tumours, although much later). Half of the mice 
received protamine 60 mg per kg, s.c., every 12 h in a remote 
site and the other half received saline.. All tumours took and 
grew at approximately the same rate in both protamine- and 
saline-treated animals until day 5 when the tumours were nearly 
0.05 cm* and had become vascularized. The protamine-treated 
tumours then slowed their growth (0.05 cm? per day) until day 
18 when they either stopped growing or began to regress. The 
saline-treated tumours continued to grow rapidly over the same 
period (0.23 cm° per day). In 13 (50%) of the protamine-treated 
mice, tumour regressed completely. It was necessary to lower 
the protamine dose by approximately one-half once regression 
was complete. These mice remained tumour free after pro- 
tamine was discontinued. Eight (30%) died while the tumour 
was undergoing rapid necrosis. Two mice died with melanoma 
ascites after the primary tumour had disappeared. In three 
mice, tumours underwent incomplete regression and remained 
as small, barely visible lesions. Their tumour growth resumed 
whenever protamine was discontinued, and they were dead by 





Fig.3 Inhibition of tumour angiogenesis in the rabbit cornea by protamine. 
Polymer pellets of ethylene vinyl acetate (EVA) copolymer, of ~1 mm 
diameter were impregnated with 1,000 ug protamine sulphate as previously 
described'*. The pellets were coated with 2% EVA in methylene chloride, 
dried for 3 h and sterilized by UV light for 2 min. The pellets were implanted 
in a pocket in the rabbit cornea, 1 mm from the limbus. A 1 mm? piece of 
V2 carcinoma was implanted distal to the polymer, 2 mm from the limbus'*. 
In the opposite eye of each rabbit, control polymer pellets that were 
empty were similarly implanted in juxtaposition to the tumour. By spec- 
trophotometric analysis in vitro, the pellets released 400 yg protamine on 
day 1. This sustained release declined exponentially until day 4, when the 
pellets released an average of 15 ug per day thereafter, for the next 15 
days. As capillary blood vessels grew towards the tumour implant, maximum 
vessel length was measured every 3 days with a stereoscopic slit-lamp at 
x10 (+0,1 mm), At day 10 a typical rabbit was killed and India ink was 
injected into each carotid artery. The corneas were removed and photo- 
graphed with a stereoscope. a, New capillary blood vessels growing towards 
the tumour and passing over the blank polymer. 4, In the presence of the 
protamine pellet (opposite eye), new capillary vessels at the edge of the 
cornea do not enter the cornea. Histological sections showed viable tumour 
in each cornea. 


day 68. The saline-treated animals died with massive tumours 
(17.8+0.4 cm’) by day 30. Using the same strain of melanoma, 
this experiment was repeated eight times over a 2 yr period 
with essentially similar results (tumour regression in ~50% of 
the animals). After a large tumour had regressed to become 
no longer visible, it was necessary to continue the lower dose 
of protamine for at least 2 more weeks, otherwise the tumour 
recurred. When mice that had been tumour free and not receiv- 
ing protamine for 1-11 months received a second s.c. inocula- 
tion of the same strain of melanoma cells, new tumours 
developed and were also susceptible to protamine inhibition. 


Thus, the first tumour regression apparently was not accom- 
panied by a strong immune reaction. 


Controls 


To control for the specificity of protamine as an angiogenesis 
inhibitor, compounds similar in structure or charge density to 
protamine were tested against tumour angiogenesis in the CAM 
and against growing embryonic vessels on the yolk sac. Poly-L- 
arginine, poly-L-glutamic acid and poly-L-lysine produced no 
inhibition of angiogenesis at concentrations two to four times 
the protamine concentration that was inhibitory (Fig. 2). At 
five times the protamine concentration, poly-L-lysine weakly 
inhibited tumour angiogenesis in the CAM but did not inhibit 
the growth of yolk sac vessels. These compounds were all lethal 
when applied at concentrations greater than five times the 
protamine concentration. Platelet factor 4 and major basic 
protein from eosinophils have a high affinity for heparin. They 
both produced avascular zones at approximately one-half the 
concentration of protamine. 

As another control of protamine specificity, mixtures of 
heparin and protamine (1:2) were assayed in the chick embryo 
(Fig. 1). Both the commercial anticoagulant heparin (Sigma) 
and the non-anticoagulant fraction'' (courtesy of Dr Robert 
Rosenberg) neutralized the anti-angiogenesis activity of pro- 
tamine in the yolk sac and on the CAM. Heparin (Sigma) was 
also injected into tumour-bearing mice simultaneously with 
protamine (but at a different site). Inhibition of tumour growth 
was abolished; tumour size and mouse mortality were the same 
as for mice injected with saline alone (data not shown). 

To exclude the possibility that protamine inhibition of 
tumours might be caused by direct cytotoxicity, tumour cells 
were exposed to protamine in vitro, Protamine was neither 
cytostatic nor cytotoxic to V2 carcinoma, B16 melanoma (tissue 
culture strain), Lewis lung or Walker cells at concentrations 
of 50-500 ug ml’. Growth suppression began at 500 wg mI™’ 
for Walker cells, but melanoma, V2 and Lewis lung cells were 
not suppressed at 1,000 ug ml”. In fact, growth of V2 car- 
cinoma was stimulated to 55% above control by a protamine 
concentration of 100 ug ml’, and Lewis lung cells were stimu- 
lated to 37% above control by a protamine concentration of 
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Fig. 4 Measurement of capillary growth rate in the rabbit cornea. Series 
of nine rabbits with V2 carcinoma in each cornea accompanied by a 
protamine pellet (@) or empty pellet (O) were used as described in Fig. 3 
legend. In the presence of protamine, capillary growth is suppressed until 
the week 3 (when protamine release from the polymer pellet declines). In 
the eyes containing a blank pellet, tumours all became vascularized and 
grew to a large exophytic mass, necessitating the death of these animals by 
about 30 days. In a parallel experiment (data not shown), in which both 
eyes of an animal were treated with protamine, capillary growth resumed 
within 3 days of removal of the pellet. There was subsequent rapid tumour 
growth. Protamine pellets implanted in the absence of tumour did not 
induce neovascularization, Measurements are expressed as mean +5s.e.m. 
here and in all subsequent figure legends. Eyedrops of protamine in Ringer's 
solution (100 mg ml~') applied three times per day, did not inhibit capillary 
growth. The eyedrops caused no detectable irritation in the normal eyes 
of rabbits. Systemically administered protamine failed to inhibit capillary 
growth in the cornea, 
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500 wg mi~. These concentrations exceed any local concentra- 
tions of protamine achieved in vivo by sustained-release pellets. 
Furthermore, when protamine was administered systemically, 
its peak uptake in subcutaneous melanoma was 70 pg per 
100 mg of tumour at 1h. This is equivalent to 0.001 pg per 
1,000 cells (assuming that a 100 mg tumour contains at least 
10’ cells), The melanoma cells in vitro grew maximally at 2 ng 
per 1,000 cells, that is, at more than 2,000 times the protamine 
concentration achieved in vivo. 

To determine if protamine was cytotoxic to rapidly dividing 
cells in vive, melanoma-bearing mice treated with protamine 
or saline for 11 days received 80 pCi *H-thymidine and were 
killed 5h later. The percentage of *H-thymidine labelled cells 
in the bone marrow was similar for the protamine-treated (20% ) 
and saline-treated mice (17%). In the saline-treated tumours, 
17% of the tumour cells were labelled. There was no necrosis. 
In contrast, the regressing protamine-treated tumours were 
marked by a large necrotic centre and a few outer layers of 
viable cells. The labelling index of the rim of viable cells was 
16%, not significantly different from the saline-treated tumour. 

To exclude the possibility of cumulative toxicity at the 60 mg 
per kg dose, 10 non-tumour-bearing mice received protamine 
(60 mg per kg, s. c., every 12h) for 1 yr, beginning at age 6 
weeks. Their weight gain and activity were the same as for 10 
saline-treated mice throughout this period, and all 20 mice 
were alive at the end of 1 yr. 


Discussion 


These studies show that protamine is an inhibitor of 
angiogenesis in the four species tested, irrespective of whether 
the angiogenic stimulus is embryological, neoplastic, inflamma- 
tory or immunogenic. 

The mechanism by which protamine inhibits angiogenesis is 
unclear. However, previous in vitro studies suggest that heparin 
modulates the rate of migration of capillary endothelium'®, The 
specific binding of protamine to heparin could block the linear 
migration of capillary endothelial cells, thus interfering with a 
crucial step in capillary formation’. The anticoagulant function 
of heparin apparently is not involved in this reaction, because 
the non-anticoagulant fraction of heparin is capable of reversing 
the anti-angiogenesis activity of protamine. Although coagula- 
tion studies remained normal in animals treated with protamine, 
it is possible that protamine may modify fibrin deposition in 
the neovascular bed induced by tumours'”*”’. Furthermore, the 
disparity between the effect of protamine on lung metastases 
and subcutaneous tumours seems to be due to differences in 
the tissue uptake of protamine (unpublished data). 

These experiments do not prove unequivocally that the 
angiogenesis-inhibitory activity of protamine is responsible for 
its anti-tumour effect. However, indirect evidence in support 
of this conclusion is based on four observations: (1) when 
protamine is removed from the cornea, capillary growth 
resumes before tumour regrowth begins; (2) histological sections 
from protamine-treated animals show many microscopic lung 
metastases that remain avascular, in contrast to saline-treated 
animals where vascularized tumours predominate; (3) tumour 
regression in mice does not seem to be immunologically medi- 
ated, because lymphocytic infiltration is minimal or absent, and 
when animals taken off protamine after complete tumour 
regression are re-inoculated with melanoma cells, tumours grow 
as before; (4) protamine is neither cytostatic nor cytotoxic to 
tumour cells per se at the doses used. 

Four lines of evidence argue that protamine does not act 
directly on tumour cells: (1) tumour cells in culture grow well 
at protamine concentrations greater than the peak concentra- 
tions of protamine in tumour; (2) the early growth of the 
protamine-susceptible strain of melanoma (before neovas- 
cularization) in protamine-treated mice is not significantly 
different from that of melanomas in saline-treated mice; (3) 
the °H-thymidine-labelling index of bone marrow and viable 
tumour cells does not differ significantly between protamine- 
and saline-treated mice; (4) melanoma cells in ascites proliferate 





Nature Vol. 297 27 May 1982 





during protamine treatment even while the solid primary 
tumour regresses. 

The effectiveness of protamine in inhibiting the growth of 
lung metastases and its relative ineffectiveness against many 
subcutaneous tumours might be partly explained on the basis 
of differential protamine uptake by the two tissues. However, 
there is no explanation for the finding that strains of tumour 
implanted s.c. should have different susceptibility to protamine. 
Some tumours have been found to contain two subpopulations 
of neoplastic cells—those that can stimulate angiogenesis and 
those that cannot’'—and it is possible that the ratio of these 
two subpopulations dictates the intensity of angiogenesis for a 
given tumour mass. A second possibility is that different tumour 
strains might secrete different amounts of glycosaminoglycans 
that would bind protamine in competition with heparin. A third 
speculation is that in protamine-resistant tumours there may 
be more mature vessels. Little is known about the extent to 
which new capillaries within a tumour convert to mature capil- 
laries and venules (that is, with intact basement membrane, and 
accumulated pericytes or smooth muscle). Finally, there may 
be important differences in mast cell content of tumours that 
would account for different responses to protamine. 

Angiogenesis inhibition is a newly found property of pro- 
tamine. However, this is not the first demonstration of the 
antitumour activity of protamine, as antitumour activity of 
protamine or mixtures containing it has been previously found 
in mice and humans'???**. 

It is possible that angiogenesis inhibitors will eventually be 
used clinically in those diseases common to ophthalmology, 
dermatology and rheumatology where neovascularization is the 
dominant pathology, and in certain neoplasms that are the most 
highly angiogenic, such as brain tumours. It is, however, much 
too early to know whether protamine or any other inhibitor of 
angiogenesis, conceivably including some of endogenous 
origins? ™, will be of any clinical value. Protamine is toxic 
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Fig. § Inhibition of tumour growth by locally applied protamine when the 
tumour is implanted directly into the vascular bed. Eight rabbits received 
a subcutaneous implant of V2 carcinoma in each ear by a method developed 
by Bronsther er ai.'*. One ear received two polymer pellets impregnated 
with protamine as described in Fig. 3 legend. In the opposite ear, two empty 
polymer pellets were implanted with the tumour. In both ears, tumour 
growth formed a hemisphere, the dimensions of which were measured with 
a micrometer caliper. Tumour growth in the protamine-treated pocket (@) 
was markedly suppressed compared with tumour in the control ear (QO). 
Although capillary growth rate could not be quantified as in the cornea, 
the extent of vascularization could be observed by transillumination of the 
ears. The untreated tumours became vascularized on about days 6-7, and 
rapid growth ensued. In contrast, the protamine-treated tumours generally 
did not become vascularized, and their growth was slow or undetectable. 
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Fig. 6 Effect of protamine of pulmonary metastases in mice and rats, a, 
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Expt I: 36 C57BL/6 male 42-day-old mice received 1.2 x 10° Lewis lung 55 
carcinoma cells i.v., and either protamine, 120 or 60 mg per kg, s.c., every | 
12h or saline, All mice were killed on day 15. Mice surviving to that day 

were: 120 mg, 9/12 (3 mice died free of lung metastases on day 2 presumably 
from a too rapid step-up to the full dose); 60 mg, 12/12; saline, 12/12. 
The standard error of the differences in means between all groups was 45 
significant at P< 0.001. In all experiments n = total number of metastases 
represented by the mean, and ñ = average number of metastases per animal. 
In this and all subsequent experiments, the mice were weighed twice weekly 
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and the dose of protamine revised upward by increasing the volume accord- A 
ing to the average weight of each treatment group except for expts IV and : N 
VII where doses were individually calculated. The lungs were fixed in 10°% = KY 
formalin and the lobes separated. The volume and number of metastases z ' 
were determined with a x12 stereoscope (eyepiece micrometer 1 unit = a Ky 
0.064 mm). Two diameters were measured in mm and the volume calculated 2 | 

using the formula”, vol = (d, dy d, 11) / 6, where the width of the metastasis Sos y 
is used twice as d, and d, and the length as d,. The measurements were © +4 
made by two readers on different days who did not know how each specimen 5 N 


was treated. All mice were housed individually. A stock solution of pro- 
tamine sulphate (Calbiochem) of 10 mg ml! in saline was warmed to 37 °C 
and filtered (0.45 pm Millipore), The amount of protamine lost in the filter 5 
' was always less than 4% of the original concentration as measured spectro- 
photometrically at 230 nm. The protamine solution was stored at 4°C in 
a sterile 50 mi polyethylene centrifuge tube and warmed to 37°C before 
use. Treatment began 24 h after tumour inoculation, and only one injection 
was given on day 1. The twice daily injections began on day 2. Injections 
were made with a 30-gauge needle in a shaved area over the iliac crest 
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that had been cleaned with a small amount of Betadine solution. Precau- | t 

tions: if one or two doses of protamine are omitted, resumption of the full O- A aos Tee 

dose may be highly toxic or lethal. Stepwise resumption to the full dose is 120m | _ 6Ome aS See 
Protamine Saline 


necessary. Male mice comfortably tolerated 60 mg per kg, s.c., 12 hourly 
for 1 yr without signs of toxicity or without showing differences from 
saline-injected animals. However, at 120mg per kg 12-hourly, toxicity appeared after 2-3 weeks in 50% of mice. Tumour-bearing mice show jess. 
toxicity for a given dose of protamine than do mice without tumours. If a skin ulcer appears, protamine may leak, resulting in non-therapeutic levels of protamine. 
If a s.c. injection is given too quickly or forcibly, some protamine will enter the venous system and (with doses > 60 mg per kg) cause sudden toxicity or death. 
The maximum tolerated single i.v. dose for a mouse is ~ 6 mg per kg. Z, Expt Il: 56 mice received 6 x 10° Lewis lung carcinoma cells i.v., were placed in three 
treatment groups and killed on day 17. Surviving mice were: 120 mg, 9/25; 60 mg, 10/16; saline, 10/15. Lung metastases were measured in formalin-fixed 
lungs as described above. In the protamine-treated mice that died before the end of the experiment, the mean volumes of the pulmonary metastases were less 
than the mean volumes of the metastases in the killed mice. The s.e. of the difference in means of the 60 mg versus saline groups was significant at P< 0.001 
and that of the 60 mg versus 120 mg groups was significant at P<0.05. &, Expt HI: this experiment was designed to determine the maximum size that could 
be reached by pulmonary metastases before 50% of the saline-treated host animals had died. Thirty mice received 5.8 x 10° Lewis lung carcinoma cells i.v. and 
were separated into three groups of 10 mice each. One mouse chosen at random from each protamine group was killed whenever a saline-treated mouse died 
of tumour, until day 21 when 50% of saline-treated mice had died, and then all the remaining mice were killed. W, Expt IV: this experiment was designed to 
determine the effect of protamine on pulmonary metastases shedding from a primary tumour. Seventy-one mice received a s.c. implant (1 mm") Lewis lung 
carcinoma; 25 received protamine, 120 mg per kg every 12 h, 25 received 60 mg and 21 received saline. By day 21 the mean volume of the s.c. primary tumour 
in the saline-treated mice was $.4+0.2 cm: it was 2.4+0.2 cm? and 2.9+0.6 cm’, respectively, 120 mg and 60 mg groups. All surviving mice were killed on 
day 24. The survivors were 2/25 in the 120 mg group, 11/25 in the 60 mg group and 7/21 in the saline group. In the protamine-treated mice that died before 
the end of the experiment, the mean volumes of the pulmonary metastases were less than the mean volumes of the metastases in the killed mice. The s.e. of 


the difference in means of the 60 mg group versus saline was significant at P< 0.001. There was no difference between the 60 mg and 120 mg groups. 5 Expt. - 
V: in this repeat of expt IV, 45 mice received s.c. implants of Lewis lung carcinoma and were divided into three groups of 15 mice each. On day 22 the mean 
volume of the s.c. primary tumour in the saline-treated mice was 6.1+0.3 cm’; it was 3.2 +0.2 cm’ and 2.9+0.5 cm’ in the 60 mg and 120 mg groups, respectively, __ 


Allsurviving mice were killed on day 26. The survivors were 7/15, 12/15 and 12/15 for the 120 mg, 60 mg and saline groups, respectively, In the protamine-treated | 
mice that died before the end of the experiment, the mean volumes of the pulmonary metastases were less than the mean volumes of the metastases in the killed 
mice, The s.e, of the difference in means of the 60 mg group versus saline was significant at P<0.001. There was no significant difference between the 60 mg 
and the 120 mg groups. S, Expt VI: this experiment was designed to determine the effect of protamine on pulmonary metastases shedding from a primary 
tumour which was unresponsive to protamine in the subcutaneous position. Twenty mice received a s.c. inoculation of 10’ B16 melanoma cells (subcutaneous 
strain); 12 mice received protamine, 60 mg per kg, s.c., 12 hourly, and 8 received saline. Lung metastases were measured whenever a mouse died. By day 40 
three protamine mice and two saline mice were alive and these were killed to end the experiment. The mean volume of the s.c. tumour at the last measurement 
before death was 14.4+2.0 cm? for saline-treated mice and 11.2+1.5 cm° for protamine-treated mice. The bar graph represents the metastases from all mice. 
The s.e. of the difference in means between the two groups was significant at P< 0.001. IM, Expt VIE: a parallel experiment to expt VI except that the primary 
tumour was responsive to protamine in the subcutaneous position. Sixteen mice received 10’ B16 melanoma cells (tissure culture strain}; 8 mice received 
protamine, 60 mg per kg 12-hourly, and 8 received saline. Lung metastases were measured whenever a mouse died. By day 50 three mice were alive in each 
group and they were killed to end the experiment. The mean volume of the s.c. tumour at the last measurement before death was 13.5+1.0cm?* for the 
saline-treated mice and 0.3+0.2 cm? for the protamine group. The protamine-treated tumours underwent either complete or partial regression, but in. this 
experiment, the protamine dose was not lowered during the regression in order to maintain the dose constant for pulmonary metastases. The s.e. of the difference 
in means between the two groups was significant at P < 0.001. O, Expt VHI: a test of protamine against pulmonary metastases in a different species. Nineteen 
CD rats (age 21 days) received 5.1 x 10° Walker carcinoma cells i.v., nine rats received protamine, 120 mg per kg, s.c., every 12 h and 10 received saline. On 
day 9, 8 of the 10 saline rats died (due to massive pulmonary metastases) and therefore all remaining rats were killed and lung metastases were measured as 
before except that Bouin’s solution was used for fixation. The bar graph represents the mean volume of metastases from all rats. The s.e. of the difference in 
means between the two groups was significant at P< 0.001. 


when administered systemically above doses of 60 mg per kg 
in mice and 120 mg per kg in rats, and this toxicity is unrelated 
to its angiogenesis-inhibitory activity. This toxicity may severely 
limit or prevent the clinical use of systemically administered 
protamine as an antitumour agent. However, in the experi- 
mental situations where the appropriate tissue concentration 
can be achieved, protamine inhibits angiogenesis with the 
resulting effect on tumours. Furthermore, if the mechanism of 
the anti-angiogenesis activity of protamine can be determined, 
this may lead to the discovery of other angiogenesis inhibitors. 
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Note added in proof: Female C57BL/6 mice tolerate higher 
doses of protamine (up to 120 mg) without toxicity. 
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By measuring the difference between the shifts in the Fe 5,124 
spectrum line from light integrated from a central circular 
portion of the solar disk and from an annular portion exterior 
to it, we have detected high-order solar oscillations with degrees 
l =3, 4 and 5. The frequencies of the octupole modes agree 
well with the values obtained from whole-disk measurements 
at the South Pole’. A least-squares fit of the observed frequen- 
cies to values interpolated between and extrapolated from the 
predictions of a sequence of solar models with different chemical 
compositions selects two models. One of these is almost identical 
to that obtained by a previous fit’* of modes with /<2, and 
has a helium abundance somewhat greater than 25% by mass. 

Most previous observations of low-degree 5-min solar oscilla- 
tions have been made with light integrated from the entire solar 
disk. Claverie er al. and Grec et al.’ have measured spec- 
trum line shifts, and Deubner® and Woodard and Hudson” have 
measured radiant intensity. Such measurements are most sensi- 
tive to modes of degree /=0, 1 and 2; the long continuous 
Doppler observations made at the South Pole have also isolated 
octupole modes’. 

Our observations are based on a method used by Severny ef 
al)”. A Babcock solar magnetograph’' at the Stanford Solar 
Observatory, which is normally used for measuring Zeeman 
splitting, was converted into an instrument that measures 
Doppler shifts with equivalent sensitivity. For this purpose one 
selects a magnetically insensitive Fraunhofer line (with g = 0). 
Light from a central circular area of the solar disk, with radius 
0.5 Ro, is filtered with a right-hand circular polarizer, and light 
from the annulus between 0.55 Ro and 0.80 Ro is filtered with 
a left-hand polarizer. The wavelength difference between the 
right and left polarized spectrum lines is measured by the 
magnetograph. It is interpreted, using the Doppler formula, as 
the difference between the averaged line-of-sight velocities 
from the circular and annular portions of the solar disk”. 

Because our apparatus convolves the Doppler signal with a 
function whose length scale is less than the radius Rs of the 
solar disk, the degrees of the modes of oscillation to which it 
is most sensitive are higher than for whole-disk observations. 
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Our signal should be dominated by modes with /= 3, 4 and 5, 
though contributions from modes with l =2, 6,9 and 10 should 
also be detectable'*. Here we concentrate on the dominant 
modes. 

We obtained good-quality data on 15 days from 17 June to 
14 July 1981. The observations were made with 0.1s time 
resolution, and were subsequently averaged into 15s bins. A 
slow drift, typically of magnitude 1 ms’ h>, was then removed 
with a high-pass filter. This left data sets over intervals of 
average duration 9.6 h. Harmonic-amplitude spectra were com- 
puted from each data set using a simple least-squares method 
for finding Fourier coefficients in the frequency range 2.0- 
4.5 mHz in steps of 1.0 pHz. 

Figure 1 shows the average of the 15 spectra. In common 
with previous observations, power is found to be concentrated 
between 2.5 and 4.0 mHz, and seems to be generated by a 
series of oscillators with uniformly spaced frequencies. But 
whereas whole-disk observations with comparable resol- 
ution? ** display two peaks per interval of ~136 Hz (corres- 
ponding to a mode with / = 1 and an unresolved pair with / = 0 
and | = 2), here, as expected, there are three; we infer that they 
correspond to modes with / = 3, 4 and 5. 

By selecting every third peak (taking due account of peaks 
that are obviously missing), one might hope to collect sets of 
modes of like degree. There are no obvious distinguishing 
differences between the amplitudes and frequencies of the three 
sets so obtained, as one would expect theoretically. Therefore 
we cannot identify the modes using our data alone. It is possible, 
however, to identify the modes in the data obtained at the 
South Pole, by comparing the uneven frequency distribution 
and variable peak heights with theoretical expectations, 
The frequencies of the modes inferred to have / = 3 are indi- 
cated by vertical lines in Fig. 1. They can be seen to correspond 
with some of the peaks of our spectrum. 
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Fig. 1 Average of 15 squared velocity amplitude spectra of data 

collected in June and July 1981. The vertical lines mark the 

frequencies of octupole modes measured by Fossat ef al.’ at the 
South Pole. 
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Fig. 2 Echelle diagram of the frequencies between 2.5 and 
4.3 mHz of low-degree modes, constructed with v; = 72 wHz and 
Av = 136.0 Hz. The frequencies v of the modes represented in 
the diagram are given by v = vg+v. +, Frequencies of the peaks 
in Fig. 1. O, Octupole modes (with % near 20 pHz) and some 
dipole modes (with ? near 100 wHz) observed from the South 
Pole by Fossat et al.'. Thus by comparing our results with the 
South Pole data and with theory we identify the degrees of the 
modes responsible for the three principal columns; these are 
indicated at the top of the figure. We presume the frequencies 
3,703, 3,846 and 4,258 Hz correspond to dipole modes. The 
ordinate scale x‘ on the right is the order n or modes with / 23, 
and is #—1 when /=2. This identification was obtained by the 
least-squares comparison with theory described in the text. Fitting 
regression lines a + B(n ~ no), with ng = 22 — 51, to the three prin- 
_.. cipal columns of Stanford frequencies r yields (a, 8) = (3,152+1, 
—-135.720.3), (3,1401, 136.240.4) and (3,11741, 136.5 0.3) 
for /=3, 4 and 5 respectively. 


To facilitate identification of the modes responsible for our 
data, we present, following Grec’’, an echelle diagram (Fig. 2) 
of the frequencies of the peak maxima in Fig. 1. Each frequency 
v is reduced to a frequency vo>+? where vo is an integral 
multiple of Av plus some constant v,, and 7 is in the range (0, 
Av). Figure 2 shows a plot of »)>=v—? against 7, the spacing 
år having been chosen to give roughly the same values of 7 
to modes of like degree. Thus Av is representative of the mean 
frequency differences between modes of adjacent order and 
like degree. More accurate estimates of these differences are 
given in the legend. 

Included in Fig. 2 are the octupole modes identified in the 
South Pole data. Because these agree well with one of our 
columns of frequencies, we deduce that this column also results 
from octupole modes. The degrees of the new modes producing 
the other two principal columns are then inferred by comparison 
with theory’. Further comparisons with theory and with other 
observations will be reported elsewhere'* 

The addition of these new modes to the helioseismological 
data should impose tighter theoretical constraints on solar 
models. Here we simply compare the frequencies we have 
measured with the frequencies v, interpolated between and 
extrapolated beyond the frequencies va, vy, vc of the three 
solar models A, B, C of Christensen-Dalsgaard er al.’ according 
to the formula 


A>0 
A<O0 


Avat(1l~—A)vez 


(L+A)vg-Avec ) 


Vy = 
Model A is a standard solar model with initial helium and 
heavy-element abundances ( Y, Z) = (0.25, 0.02); models B and 
€ have initial abundances (0.19, 0.004) and (0.16, 0.001) 
respectively, and have suffered contamination by heavy ele- 
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ments in and above the convection zone at a rate chosen to 
yield a present surface abundance: Z = 0.02. The least-squares 
fit of v, with our frequencies » represented in Fig. 2 yields 
A = —0.29 and A = 1.26 as the two best solutions. The r.m.s. 
difference between s, and the observations is ~8 wHz for both 
solutions. The helium-rich solution agrees with that of similar 
analyses of whole-disk data’? and low-order modes apparently 
detected as oscillations in the limb-darkening function”’. There- 
fore we select this as our best estimate. We are then able to 
infer the orders n of the modes; these are indicated in Fig. 2. 
Our extrapolated solution has a relatively deep convection zone, 
and is thus consistent with analyses of 5-min oscillations of high 
degree?" 
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Long-term variations of a planetary magnetic field are one of 
the few observables available for the study of planetary interiors 
and dynamo theory. Although variations of the geomagnetic 
field have been accessible to direct measurement for centuries, 
knowledge of the secular variations of other planetary dynamos 
is limited. We report here new limits on jovimagnetic secular 
variations found by comparison of a jovian internal field mode!’ 
obtained from the Voyager 1 magnetic field observations at 
epoch 1979.2 with the epoch 1974.9 Pioneer 11 O, model’. 
No significant secular variation of either the magnitude or 
position of the jovidipole was found for the years 1974.9 to 
1979.2, although a small Earth-like variation cannot be ruled 
out. 

A gradual decrease in the Earth’s dipole moment at a rate 
of ~5% per 100 yr has been established from observations of 
the geomagnetic field over the past 150 yr (ref. 3). Less weil 
established but still generally accepted is the slow westward 





314 


Nature Vol. 297 27 May 1982 





drift of certain features of the geomagnetic field at a rate of 
~0.1° or 0.2° long. yr”'. From the palaeomagnetic records it is 
well known that the Earth’s dipole field has a rich history of 
wanderings and polarity reversals. The irregular and unpredict- 
able switching of the geodipole occurs with varying frequency, 
a rate of several reversals per Myr being typical of the past 
200 Myr. 

Geomagnetic secular variations are an important source of 
information about the Earth’s deep interior and the dynamo 
presumed responsible for the geomagnetic field*”°. Within the 
context of modern dynamo theory, secular variations can pro- 
vide constraints on material properties deep within the planet’s 
otherwise inaccessible interior. Comparative studies of 
planetary dynamos may prove invaluable in unravelling the 
complexities of the self-sustaining dynamo. Thus the history of 
Jupiter's planetary magnetic field is of great interest, especially 
because it represents the first real opportunity to observe secular 
variations of a planetary dynamo other than the Earth’s. 

Indirect observations of the jovian magnetic field began with 
the discovery of non-thermal radio emissions by Burke and 
Franklin’ in 1955 and are still in progress”. Continued observa- 
tions of jovian radio emissions have precisely established the 
rotation rate of the planet and have suggested the occurrence 
of secular variations of the jovimagnetic field. Berge’ has sug- 
gested that the 30% decrease in Jupiter’s integrated flux density 
occurring from 1961 to 1973 may be a result of a decrease in 
the jovian magnetic dipole moment. An upper limit on the 
variation of magnetic field strength between epochs 1967 and 
1970 of ~5% yr was obtained from observations of the cir- 
cular polarization of decimetric radiation'’, From observations 
of the maximum frequency of jovian decametric radiation, J. 
K. Alexander (personal communications) concludes that the 
magnetic field magnitude at high northern latitudes has changed 
by <0.1% yr '. Observations relating to the inclination of the 
jovidipole with respect to the planet's rotation axis have been 
interpreted as evidence of a secular decrease of the inclination 
angle by 0.07+0.05° yr’ (ref. 10) but have not been 
confirmed’’. 

In situ observations of the jovian planetary magnetic field 
are limited to the Pioneer 10 and 11 flybys at epochs 1973.9 
and 1974.9 and the Voyager 1 and 2 flyby encounters at epochs 
1979.2 and 1979.5. Comparison of spherical harmonic models 
of the jovimagnetic field obtained from the Pioneer observa- 
tions’? suggested a decrease in the dipole moment of ~6% 
during the intervening year. The decrease was, however, 
attributed to other effects although the possibility of a secular 
change as large as 6% per year was explicitly not excluded”. 
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Fig. 1 Secular decrease of the Earth's main dipole g} term com- 
pared with estimates of Jupiter's main dipole term. One vertical 
division represents ~0.033% of the main dipole term in each case. 





Table 1 Jovian magnetic field modeis 
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(1979.2) (1974.9) 
V1 P11 Pil Pili 
ot 
17 ev* iGSFC)* 15 evs% SHA 238 
(£) (20)è 

1. g9 4.208 (0.032) 4.218 (0.030) 4.068 4.092 
2. gh —0.660 (0.004) ~0.664 (0.019) ~0.668 ~0.705 
3. hy 0.261 (0.005) 0.264 (0.024) 06.243 0.231 
4, g3 -0,034 (0.028) —0.203 (0.023) -0.093 -0.033 
S -0.759 (0.030) —0.735 (0.039) -0.672 ~0.699 
6. g3 0.483 (0.018) 0.513 (0.048) 0.502 0.537 
7. hè = -0.294 (0.058) -0.469 (0.037) -0.498 -0.531 
8. h3 0.107 (0.018) 0.088 (0.037) 0.119 0.074 
9. g3 — (—)  -0.233 (0.060) -0.111 -0.113 
10. gå ai (—)  —0.076 (0.083) -0.316 ~—0.585 
11. g3 0.263 (0.114) 0.168 (0.080) 0.220 0.283 
12. g3 -0.069 (0.054) ~-0.231 (6.082) -0.250 0.067 
13. hy = (—)  —0.580 (0.104) ~0.476 ~—0.423 
14. h3 0.695 (0.108) 0.487 (0.108) 0.380 0.120 
15. AR  —0.247 (0.054) -0.294 (0.068) -0.228 ~0.171 





1965 system III, œ positive east unless noted. Schmidt normalized 
spherical harmonic coefficients, Gauss. 

* Ref. 1. t Ref. 2 rotated to 1965 system II]. ł Ref. 16. § Ref. 12 

rotated to 1965 system HI. 
A preliminary jovimagnetic field model based on Voyager 1 
observations’ yielded a similarly reduced dipole moment 
attributed not to a secular decrease of the jovian field but rather 
to the presence of a large-scale current system in the jovian 
magnetosphere. This azimuthally directed ‘magnetodisk’ cur- 
rent is confined to an equatorial annular disk extending from 
~5R, (jovian radii) to >50R, (ref. 15) and appears to be a 
permanent feature of the voluminous jovian magnetosphere. 
The relative contribution of this ~3 x 10° A current system to 
the magnetic field observed by Voyager 1 near closest approach 
is greater than that of previous flybys by virtue of the larger 
periapsis of the Voyager 1 encounter (4.9 R;) relative to those 
of Pioneer 10 and 11 (2.8 and 1.6 R;). 

A more recent estimate of the jovimagnetic field has been 
obtained from the Voyager 1 observations’ through the use of 
new modelling and inversion techniques'° which facilitate the 
separation of externally generated fields from those generated 
within Jupiter’s core. The Schmidt normalized spherical har- 
monic coefficients of this recent Voyager 1 internal field model 
are listed in Table 1 along with some previous estimates 
obtained from the Pioneer 11 vector helium’? and fluxgate 
magnetometer observations’. The parameters which have no 
corresponding entry in the V1 list are not determinable from 
the Voyager 1 magnetic field observations alone and are there- 
fore not available at epoch 1979.2. There is general agreement 
among the Pioneer 11 and V1 models, and the correspondence 
between the dipole terms of the V1 and O, models is particularly 
good. Here we consider only a comparison of the V1 and 
Pioneer 11 O, model parameter estimates and the associated 
estimated parameter uncertainties (in parentheses in Table 1). 
(Davis and Smith'* estimate that uncertainties in the dipole 
terms of the SHA 23 model quoted in Table 1 are as large as 
5% of the g? term, that is, ~0.2 G. They estimate that uncer- 
tainties in the quadrupole and octupole terms range from 0.2 
to 0.8 G. Since these uncertainties are approximately an order 
of magnitude greater than those estimated for the O, and V1 
models we do not consider the SHA 23 model.) 

In Fig. 1, the time dependence of the magnitude of the g? 
coefficient for both the Earth” and Jupiter are compared, scaled 
such that a major division represents ~0.33% of the field 
magnitude. A linear fit to the jovian gi estimates shown in 
Fig. 1 is 


g? (t) = 4.218 (+0.015) —0.0023 (0.0050) (1) 


o>; . f , : f x 
where g; is given in G, and ¢ is the time difference in yr from 
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1974.9. No significant secular variation of the magnitude of the 
gi term is found. The observations are consistent with a modest 
secular increase of ~0.06% yr (at 1 s.d. in the rate) or a decrease 
of as much as ~0.17% yr7'. For comparison, the observed 
secular decrease of the magnitude of the Earth’s g? term is 
~0.075% yr~’. The dashed lines in Fig. 1 correspond to a 1 s.d. 
error in an estimate of g? calculated using equation (1), illustrat- 
ing the deterioration in predictive capability for epochs far 
removed from the 1977 median epoch. 

A comparison of the two remaining dipole terms g} and A? 
leads to a negligible inferred drift of the magnetic dipole axis 
of 0.025° (+0.22) yr’ in longitude. The estimated uncertainty 
in the drift rate is comparable with the uncertainties in Jupiter’s 
rotation rate’®, The inclination of Jupiter’s dipole axis has 
decreased by an insignificant ~0.01° (+0.03) yr’. These con- 
clusions are not substantially altered if an alternative model’® 
derived from the Pioneer 11 fluxgate magnetometer observa- 
tions is used in place of the O, model. The uncertainties quoted 
here are largely the result of uncertainties in the position of 
the dipole axis at epoch 1974.9. Some of the V1 quadrupole 
and octupole parameters (in particular the g5, 42, g3 and h3 
terms) depend on the details of the model used to represent 
the jovian magnetodisk currents"’° and therefore we will not 
discuss higher order terms at present. 

The in situ magnetic field observations are consistent with 
no secular variation of the jovimagnetic dipole field from 1974.9 
to 1979.2. They are also consistent with a modest Earth-like 
secular variation in both the magnitude of the main dipole g9 
term and the drift of the dipole axis in longitude. Earlier 
suggestions of relatively large secular variations in the dipole 
moment and inclination’® are thus not substantiated. Current 
theoretical estimates ofpjovimagnetic secular variations based 
on free hydromagnetic oscillations of the liquid core? range 
from days to centuries. Assuming the Voyager 1 and O, models 
do not represent a chance agreement of two samples of an 
aliased time sequence, jovimagnetic secular variations must 
have a time scale of centuries and not decades. It is also clear 
that the differences in the Pioneer 10 and 11 internal field 
models reflects more the influence of unmodelled current sys- 
tems than a real secular variation of the jovimagnetic field. 
Estimates of the size of Jupiters’ conducting core?’ based on 
Hide’s method?’ and the large secular variations inferred from 
the Pioneer models need to be critically reassessed. 

Finally, the methods used to obtain an estimate of the jovian 
internal field from the Voyager 1 observations’ should be 
equally applicable to flybys planned for the near future with 
similarly large periapses. A similar determination of Jupiter’s 
internal field from either the International Solar Polar Mission 
(to ~6 R;) in 1987 or the Galileo encounter (~5 R;) scheduled 
for ~1990 could in principle distinguish between an Earth-like 
and no secular variation of Jupiter’s main field. 
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Molecular relaxations in a 
glass of cholesteric liquid crystal 


G. P. Johari*, J. W. Goodby & G. E. Johnson 
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Glasses, in which the orientations of molecules have a long- 
range order, can be obtained by supercooling the mesophases 
of liquid crystals. Such mesophases may be: (1) nematic, when 
the centres of their rod-, or lath-like molecules do not lie on 
a regular lattice, but there is a long-range order in the alignment 
of their long axes, called the director; (2) cholesteric (or twisted 
nematic) when the alignment (due to steric asymmetry of the 
individual molecules) of the nematic type is such that the local 
director rotates at a steady rate as one moves normal fo it; and 
(3) smectic, when there is also a partial ordering in the positions 
of the molecules in planes related to the local direction of 
orientational order. The situation in the nematic and cholesteric 
phases is clearly akin to magnetic ordering and the glassy states 
of these phases are useful, as our models of disorder, in under- 
standing the behaviour of structurally isotropic glasses. A study 
of molecular motions in the glassy cholesteric- phase of 
cholesteryl hydrogen phthalate, given here, shows features 
which have a striking resemblance to those observed in the 
(positionally ordered) glass-like state of plastic crystals’* and 
the (grossly disordered) molecular and polymeric glasses. This 
suggests that the characteristic features of the molecular 
motions in glasses must be explained in terms of the non- 
equivalence of the molecular environment, rather than in terms 
of the complexity of the molecule, its internal degrees of free- 
dom, or the state of aggregation. This has implications for our 
concept of the microstructure of a glass. 

Cholesteryl hydrogen phthalate melts to an isotropic liquid 
at 431 K. The liquid readily supercools and undergoes an 
isotropic > cholesteric transition at 367 K. On further cooling 
the turbid cholesteric phase becomes increasingly more viscous 
and undergoes a glass transition at 297K, as indicated by 
differential thermal analysis. In the cholesteric phase? the align- . 
ment of the molecular axes has a long-range order as in a 
nematic phase, but this order is restricted to within the plane 
and each subsequent plane has molecular orientations (or local 
director) twisted by an angle of <1°. Thus the arrangement 
acquires a helical pattern with the optical axis coincident with 
the helical axis, which is normal to the planes. Measurements 
were made on unoriented samples contained in a parallel-plate, 
three-terminal dielectric cell whose temperature was controlled 
from 77 to 440 K. The distance between the highly polished 
surfaces of the electrodes was ~ 2 mm and the strength of the 
electric field was 20-25 V cm™'. The cholesteric phase between 
the electrodes had no preferred orientation; the symmetry of 
the sample was helical over distances of, say, a few micrometres 
and spherical over longer distances, because the order induced 
by the surface of electrodes extends to a distance of a few 
hundred micrometres, and thus the helical axes for the domains 
may assume all possible orientations. The capacitance and 
conductance, or dielectric loss factor, were measured from 0.1 
to 100 Hz, using a low-frequency bridge*, and from 10° to 
10° Hz, using a GR 1615A capacitance bridge. No change in 
capacitance or conductance occurred with a change in the 
electric field strength from 2.5 to 25 V cnr’. 

The dielectric loss tangent, tan 6, at 1 kHz of the supercooled 
and glassy cholesteric phase is plotted against temperature in 
Fig. 1. The two peaks are due to molecular relaxations, in the 
supercooled liquid at 321 K and in the glass at 155 K whose 





* Permanent address: Snow and Ice Division, National Hydrology Research Institute, Ottawa, 
Canada K1A 0E7. 
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Fig.1 The dielectric loss factor, tan 6, at 1 kHz of the unoriented 

samples of cholesteric phase of cholesteryl hydrogen phthalate in 

the supercooled liquid and glassy states plotted against tem- 
perature. T, is the calorimetric glass transition temperature. 


rates correspond to the frequency of 1 kHz. These are referred 
to as main and secondary relaxations respectively. The presence 
of a secondary relaxation indicates that, even in the otherwise 
rigid matrix of a cholesteric glass, configurational states which 
involve changes in the electric polarization are available to the 
structure. The lower magnitude of its dielectric loss, or orienta- 
tion polarization, also suggests that either the number of 
molecules contributing to the secondary relaxation and/or the 
dipole moment associated with the molecular reorientations is 
much lower than that in the main relaxation. 

The spectrum of the main relaxation in a frequency plane is 
asymmetric and is broader at the high-frequency than at the 
low-frequency side of the peak. The half-width of the peaks is 
~2 decades of frequency, which is significantly higher than 1.14 
decades characteristic of a single Debye-type relaxation. The 
spectrum of the secondary relaxation given in Fig. 2 is also 
broad. Here the half-width of the peaks increases from 
4 decades at 190K to 5 decades at 139K. Thus both the 
main and secondary relaxations have a distribution of 
relaxation times, but the distribution changes significantly 
with temperature only for the latter. The relaxation rates, 
which are given by the frequency, fm, of the peaks in the 
spectrum, are plotted logarithmically against the reciprocal 
temperature in Fig. 3. The rate of the main relaxation 
follows the Vogel—Fulcher-Tamman equation of the type, 
fa = A exp (-~B/(T—T,)), where A, B and To are empirical 
contants. The extrapolated relaxation rate at the calorimetric 
T, (= 297 K) is 10°“ s“'. Thus the molecular degrees of freedom 
causing the dielectric relaxation of the cholesteric phase are 
undoubtedly the ones whose freezing out causes the decrease 
in the heat capacity at T,. The rate of the secondary relaxation 
in Fig. 3 follows the Arrhenius equation, fm = fo exp (—E/RT). 
This gives an activation energy, E, of 19.8kJ mol”! for the 
molecular processes in the cholesteric glass. 

The aforegiven features of both the main and secondary 
relaxations in the cholesteric liquid crystal are strikingly similar 
to those observed in amorphous polymers’, rigid molecular 
glasses’ and orientationally disordered crystals’. This similarity 
suggests that the potential energy barriers resisting the 
molecular motions, whose freezing out causes the glass transi- 
tion, are independent of the internal degrees of freedom and 
the state of aggregation of molecules, and that the molecular 
mobility is intrinsic to the nature of the glassy state. 


In terms of the models for. the Structure of a glass, which 
involve dense random packing*’, microcrystals'’, disloca- 
tions'''*, mixed clusters of competing polymorphs'*’®, discli- 
nations’ Tand dislocations'*, the secondary relaxation may arise 
from hindered rotations of molecules in localized regions of 
loose molecular packing’ (referred to as ‘islands of mobility’) 
bounded by the relatively immobile close-packed structures. 
The localized regions may consist of the interstitial packing”? 
between the amorphous clusters, or polyhedra, if the structure 
of a glass consists of regions of varying molecular density. In 
such a case only a fraction of the total number of molecules in 
a glass may contribute to its secondary relaxation. Although 
such localized regions may exist due to the freezing-in of the 
short range structures corresponding to the density fluctuations 
in the liquid at T, it is also believed that the secondary relaxa- 
tion indicates small angle movement of each molecule? in 
the essentially equivalent molecular environments of a a. 
random packed structure of a glass. In this case all molecules 
in a glass contribute to the relaxation but each by a small 
amount. 

Owing to the nature of the packing of the rod- or lath-like 
molecules fewer regions of relatively loose structure would exist 
in a glass obtained from a cholesteric liquid than in one obtained 
from an isotropic liquid. Consequently, the magnitude of tan ô 
in the secondary relaxation relative to the main would, in 
general, be lower in the former than in the latter type of glass. 
But, if the small angle movement of all molecules were respon~ 
sible for the secondary relaxation, as is expected in the dense 
random packed structure of a glass, the aforementioned relative 
magnitude of tan 6 would be similar in the two types of glasses. 
The ratio of maximum tan 6 at 1 kHz of the secondary to the 
main relaxation in Fig. 1. is 1:58 in the cholesteric glass, which 
is much lower than the corresponding ratio of 1:10 or less, 
observed in most molecular?’ and polymeric glasses’. There- 
fore, the secondary relaxation is likely to be associated with 
the regions of relatively loose interstitial packing in the strucure 
of a glass. 

These results are significant for our understanding of the 
molecular processes in disordered solids, for it seems that the 
features of molecular motions in them must have their origins 
in the non-equivalence of the molecular environment, rather 
than in the complexity of the molecules, their internal degrees 
of freedom, or the state of their orientational or positional 
disorder. The results also support a model for the structure of 
a glass as an assembly of polyhedra connected by loose inter- 
stitial packing, where molecular motion is possible even when 
the polyhedra are fixed in place. Because supercoooled thin 
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Fig. 2 The dielectric loss factor, tan 5, plotted against frequency 
for the secondary relaxation in the glassy cholesteric phase at 
several temperature. 
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Fig. 3 The frequency of maximum loss, fm, plotted logarithmi- 
cally against the reciprocal temperature for main relaxation, and 
secondary relaxation, in the supercooled and glassy cholesteric 
phase. T, is thé calorimetric glass transition temperature. 


films of cholesteric glass in our experiments are found to be 
anisotropic, we maintain that the polyhedra in the structure are 
not microcrystals or crystal nuclei arrested in various stages of 
their growth, for a random arrangement of such polyhedra 
would produce a macroscopically isotropic, not anisotropic, 
structure. 

The results have a further implication for our understanding 
of the glass transition in metal alloys and of the computer 
simulation of hard sphere glasses, for the configurational restric- 
tions that lead to the formation of a glass in a mesomorphic 
phase involve mainly the positions (centres of mass) of the 
molecules and not the orientations or the local director, as no 
change in the order parameter occurs at T, In this respect the 
glass transition in them is similar to the glass transition in 
metallic alloys and in the computer simulated experiments on 
aggregates of hard spheres, where the choice of spheres pre- 
cludes the possibility of an orientational disorder. 
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Accurate values for the atmospheric lifetimes of N,0, CFCI, 
(CFC-11) and CF,Cl, (CFC-12) are vital’” for studies of their 
life cycles and in attempts to forecast their future atmospheric 
levels. These gases are known to be removed mainly by strato- 
spheric photolysis. The lifetimes set by these removal processes 
are usually inferred from one-dimensional (1-D) models, Using 
a two-dimensional (2-D) zonal-mean model together with 
recent observations, we argue here that the stratospheric 
removal rates may also depend on certain latitudinal features, 
including latitudinal variations of the gas concentrations, photo- 
lysis rates and their correlations, features that cannot be 
included in the 1-D models. Our discussion also considers the 
validation of 1-D model results, particularly regarding predic- 
tions cf atmospheric lifetimes. 

The atmospheric lifetime (7) of a trace gas in steady-state 
condition can be defined as 


_ (global burden) (Í fN dv) fN dv) 


~ (global removal) “OLN fdv) LN fdv) (1) 
where N is the air number density, f and L are the steady-state 
volume mixing ratio and loss frequency of the trace gas respec- 
tively, and the bracket represents an annual average over time. 
For gases like CFC-11 and CFC-12 which have not yet attained 
their steady-state concentrations in the contemporary atmos- 
phere, one may also define a present state lifetime by the ratio 
of the current burden to current removal rate*. This lifetime is 
in general time dependent and may differ from the steady-state 
lifetimes defined by equation (1). (Unless stated otherwise, the 
term ‘lifetime’ here will refer to the steady-state lifetime.) 

The global burden of N.0, CFC-11 and CFC-12 may often 
be estimated from the observed concentrations at a few ground 
stations because the bulk of these gases reside in the tropo- 
sphere where they are well mixed’. The calculation of the global 
removal rate is, however, less straightforward as it involves the 
integral of the product of f, L and N. The major contribution 
to the integral arises from the stratospheric region where the 
quantities f, L and N vary significantly with altitudes and 
latitudes. A common approach is to approximate the integral 
(which may be interpreted as a spatial and temporal average 
of the product) by the product of the corresponding averaged 
quantities. This approach clearly ignores the correlation 
between the quantities f, L and N and hence its contribution 
to the integral. The neglect of this correlation may introduce 
significant errors% in the calculation of certain reaction rates. 
We now show that the global removal rate depends not only 
on the vertical structure of f, L and N in the stratosphere, but 
also on their latitudinal distributions and correlations. 

Three approaches are used to determine the atmospheric 
lifetimes of the above gases. The first requires empirical know- 
ledge of the source strength and burden. The second approach 
is to calculate the global removal rate in equation (1) with the 
spatial distribution of f constructed from available field data, 
an approach used by Johnston et al.’ in their analysis of N,O 
budget. The limitation of these two approaches is that an 
extensive set of global data is often needed. 

In the absence of sufficient data coverage, one must resort 
to the third approach which uses models to calculate f and r 
while using the limited amount of observations to validate the 
computed gas distributions. A favourable comparison between 
calculated and observed f may be used as support for the 
predicted lifetime. 

Among the hierarchy of models, the 1-D models are most 
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widely used’. The problems with 1-D models concern the 
interpretation of their simulated vertical profiles which. are 
considered to represent some sort of global longitudinal and 
latitudinal] averages. Strictly, 1-D model results should be com- 
pared with the observed global averages defined by a large set 
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Fig. 1 Calculated N2O profiles together with observations for 
equatorial (a) and mid-latitude (b) regions. The profiles are calcu- 
lated using the 2-D zonal-mean model described in ref. 16. 
Dynamic transports in the model are simulated by advection from 
zonal-mean wind plus eddy transport parameterized by a sym- 
metric eddy diffusion tensor. The wind fields are from ref. 20, 
while the values of the eddy diffusion tensor are from ref. 21. The 
reaction rates are from the NASA~WMO Workshop recom- 
mendations’. A temperature-dependent absorption cross- 
section” is used to calculate the N-O photolysis rate. A uniform 
boundary value of 300 p.p.b.v. at the ground is assumed for the 
calculation. The data shown are reported by groups from NOA AË? 
NASA~Ames'”"'?, KFA” and NCAR". 


of spatial and temporal data. Acquisition of such a data set for 
any trace gas is clearly an enormous task. Even if such global 
data are available, difficulty still remains in the assessment of 
the 1-D model predicted lifetimes. Specifically, the global 
removal rate calculated using the 1-D vertical profiles of f, L 
and N may still be in error due to the neglect of the zonal and 
latitudinal correlation between f and L even if the calculated 
profiles agree with globally averaged observations. 

Recent data on N,O, CFC-11 and CFC-12 (refs 8-14) show 
that at each given altitude above tropopause, higher concentra- 
tions are always found in the tropical stratosphere, a region 
where the solar UV radiation which dissociates the gases is 
most intense. Thus, the contribution from the covariance of f 
and L to the global removal rate could be significant. To account 
for the covariant effect, multi-dimensional models are needed. 

Ideally, a three-dimensional (3-D) model should be used in 
the lifetime calculation as the spatial and temporal correlations 
between different quantities (such as L and f) appearing in 
equation (1) can be properly treated in the integrals. A 3-D 
study for NO has been made by Levy et al.'*. The main 
disadvantage of using a 3-D model is that it uses a lot of 
computer time. 

The distribution of f calculated from the 2-D zonal-mean 
model is representative of the zonal average concentrations. If 
one assumes that the zonal deviation of f is small, the global 
removal rate can be accurately approximated by integrating the 
product of the zonal-mean f and zonal-mean L. This assumption 
is supported by 3-D model simulation of the N,O distribution"’, 
and seems to be appropriate for CFC-11 and CFC-12. We shall 
now use a 2-D model to demonstrate that the latitudinal covari- 
ance often exists and may not be negligible for gases such as 
N,O, CFC-11 and CFC-12. 

Figure 1 shows the N,O observations*”* at different latitudes 
together with profiles from our 2-D model’*. Both the data and 
the model reveal significant vertical as well as latitudinal vari- 
ations in the N-O mixing ratio. The overall agreement between 
model and observation is good., 

Figure 2 shows the model calculated column removal rate of 
N20 as a function of time and latitude. Note the strong 
latitudinal gradient, a feature reflecting the important effect of 
the latitudinal variations in local concentration and local solar 
flux. During spring and autumn, the maxima occur around the 
Equator, whereas during summer and winter, they occur about 
15° above and below the Equator respectively. Our calculation 
shows that the net contribution to the global removal rate from 
the covariance of f and L is positive. The annual average column 
removal rate for N,O is 1.2 10° molecules cm™? s~. With a 
calculated column abundance of 6x10'* molecules cm™’, a 
lifetime of 159 yr is derived. This value may be compared with 
values of 175 and 150 yr calculated by Johnston et al.’ and 
Levy et al.'* respectively. 
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Fig. 2 Calculated N30 column removal rate as a function of 
latitude and time of the year. 
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Fig. 3 Calculated CFC-11 column removal rate as a function of 
latitude and time of the year. The model simulation was performed 
using a boundary value of 1 p.p.b.v. at the ground. 


We have also calculated the lifetimes for CFC-11 and CFC-12 
using a steady-state simulation. Direct comparison of the calcu- 
lated gas distributions of this model simulation with observa- 
tions is not possible as the gases have not attained the steady- 
state concentrations in the present atmosphere. As an alterna- 
tive, the computed CFC-11 and CFC-12 distributions corres- 
ponding to the year 1979 of a mode! simulation using known 
release rates?” can be compared with the available observa- 
tions’ **, Agreement is reasonably good for CFC-11 and CFC- 
12 at the Equator but poor at mid-latitudes’®. The calculated 
mid-latitude CFC-11 and CFC-12 mixing ratios above 25 km 
are higher than the observations by about a factor of 2—4. The 
discrepancy could be due to either the error in the photolysis 
rates or error in the transport coefficients. The column removal 
rate of CFC-12 has features very similar to that of N.O (Fig. 
2). For CFC-11, the latitudinal gradient of the removal rate is 
stronger as shown in Fig. 3. The calculated lifetimes are 65 and 
135 yr for CFC-11 and CFC-12 respectively. 

The corresponding 2-D model calculated lifetimes reported 
by Hinds’® are 81 and 182 yr and those from the Oxford 
University model’ are 78 and 133 yr respectively. Direct com- 
parison of these values with our calculated values is difficult 
because it is not clear whether the values reported correspond 
to steady-state lifetimes. 

Note that the calculated lifetimes given here also depend on 
model structure, such as parameterization for transport and 
treatment of photochemistry. The question of whether these 
calculated values truly represent the actual atmospheric life- 
times can be answered only following further validation of the 
corresponding calculated distributions using more observa- 
tional data and improvement in transport and chemical data. 
However, we believe that the latitudinal behaviour of the 
column removal rate simulated by the 2-D model is qualitatively 
correct and that the positive correlation between the latitudinal 
variation of f and L should not be ignored. 

Although 1-D models are still the most widely used diagnostic 
and prognostic tools in stratospheric research, two limitations 
should be noted with regard to their lifetime predictions: first, 
their inability to incorporate the covariance effects discussed 
here; second, and more problematic, the inherent difficulty in 
validating their lifetime predictions using field data. Our dis- 
cussion points to the fact that, even for a fully validated 1-D 
model in which the calculated profiles agree with global average 
observations, the model may still underestimate the global 
removal rate and, therefore, overestimate the lifetime because 
of its inability to account for the positive contribution from the 
covariance of f and L. With a modest increase in computer 
time, 2-D models, on the other hand, can simulate the 
latitudinal and seasonal variations of atmospheric species as 
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well as the solar insolation and may therefore be useful in 
refining the lifetime estimates calculated by 1-D models. In 
light of the above discussion, a combination of selective field 
data and a validated 2-D model appears to be the best approach 
to obtaining more accurate lifetime estimates. Obviously, 2-D 
models are still in a developmental state, and more atmospheric 
data are needed for further validation and improvement. 

We thank Bruce Lane and Ronald Prinn for useful discussion 
on the possible difference between present-day and steady-state 
lifetime, John Pyle for providing the dynamical framework of 
our zonal-mean model, and P. B. Ryan for analysis of the 2-D 
model calculations. Research supported by Chemical Manufac- 
turers Association and the Air Force Geophysics Laboratory 
under contract F19628-81-C-0016. 
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The latitude of the Lhasa block (Xizang, South Tibet) during 
the late Cretaceous—early Tertiary is of prime importance for 
understanding the collision of India and Eurasia and the 
mechanism of the formation of the Qinghai~Xizang plateau. 
During the first field expedition of the French—Chinese collabor- 
ation, several geological formations have been sampled in 
southern Tibet between Lhasa (29.40° N; 91.09° E) and Dingri 
(28.35° N; 86.38° E). We present here the first results obtained 
for middle Cretaceous to Palaeocene red beds from the Lhasa 
block, north of the Yarlung—Zang Bo suture zone, recognized 
as the main suture between the Indian and the Eurasian plates. 
They indicate a palaeolatitude of the Lhasa block of 20° N 
during the late Cretaceous while India was situated 30° S. 
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Fig. 1 Geological outlines of the Lhasa region: C, Carboniferous; 
P, Permian; T, Trias; J, Jurassic. Ki, Takena Formation and lower- 
middle Cretaceous; K2, Lingzizong Formation; y, granitic intrus- 
ives. Redrawn from geological map of Lhasa-Nyalam Area 
(Academia Sinica). YZ, Yarlung Zang Bo suture zone; HFT, 
Himalayan Frontal Thrust. 


The geological formations that we sampled were red beds 
from Linzhou basin. Continental sediments are present all over 
the Tibetan plateau and particularly in the Linzhou basin north- 
east of Lhasa (Fig. 1) where they are represented by two 
formations separated by a major unconformity. The rock lying 


under the unconformity is Takena Formation of middle to late 


Cretaceous age, mainly consisting of sandstone, limestone and 
shale, strongly folded and with a total thickness of ~1 km. 
Volcanics (andesite and dacite) are interbedded at the base of 
this formation. Above the unconformity, Lingzizong Formation 
of late Cretaceous age mainly consists of black shale in its lower 
part and red sandstone often conglomerate upwards. A thick 
sequence of greyish-blue andesite overlays the Lingzizong For- 
mation. Red sandstones of the Takena Formation were sampled 
(Fig. 1) at sites 1, 2, along the road Lhasa—Yangbajin and at 
sites 4, 5, 7, 8, 12 near Linzhou (Peng Po Farm). 

Samples were taken with a portable drill or as block samples, 
and were oriented with magnetic and solar compass. Individual 





Table 1 Palaeogeomagnetic results before and after tectonic correction 
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Present results 





Before unfolding 


After unfolding 


Site N D I D I k a95 
1 8 335 2 324 37 68 7° 
2 7 341 9 333 43 16 16° 
4 9 350 42 333 28 90 5° 
§ 10 352 33 328 47 36 Re 
7* 11 10 25 3 24 69 6° 
8 ii 0 52 338 29 51 6° 
12 12 344 ~ 33 34} 42 48 6° 
Mean before 
tectonic 
correction 350 20 vee — 7,3 24 
After 
tectonic 
correction oo == 338 36 35 10 
Mean PGV: N =7 sites Lat. 68° N Long. 340° E 
Palacolatitude for Lhasa 20° N 
Previous results™4 
Red beds (Linzħou) ` 
Zhu Xiang Yuan 12 aeae —_ 335 16 66 5? 
Zhu Zhi Wen. 42 m p 338 40 20 7 
Lhasa Upper 
Jurassic 21 =i s 175 2 5 17° 





* Both reverse and normal samples. 
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sites were sampled laterally over 50-100 m and vertically over 
10-20 m. 

The measurements were done in Paris and Strasbourg on 
standard 25-mm cores using either a Schönstedt or a Digico 
Spinner magnetometer. The two series of measures were cross 
checked. Samples were demagnetized by step heating and cool- 
ing in a zero field (better than 20 nT). The different magnetic 
components were analysed using the classical Zijderveld vector 
diagram method. 

Thermal cleaning shows the presence of two magnetic com- 
ponents in approximately half of the samples. One is eliminated 
after heating at 400-500°C and does not show a clear mean 
direction. The other is only broken down above 650°C and is 
usually the last component. The directions of this component 
are well grouped. Other samples show only one direction elimi- 
nated above 650 °C. Before tectonic correction, the mean direc- 
tions are generally different from the present field. 

Table 1 shows the results before and after tectonic correc- 
tions. k increases from 7.3 to 35 by a factor of 4.8. Statistical 
tests have been used to estimate the validity of the fold test. 
McElhinny’s test', which is very stringent, is positive at 95% 
significance level. McFadden and Jones?” devised another test 
but this was difficult to use when each site had a different 
tectonic setting. We can confidently conclude that the fold test 
is positive and that the magnetization predates the late 
Cretaceous—Palaeocene folding phase. 

In site 7, four specimens are of normal polarity while seven 
are inverse, the two directions being antiparallel. The presence 
of normal and reverse polarity in site 7 of red and green 
sandstone also argue for a primary origin of the hard component 
of magnetization. 

Nevertheless, against the strong technical arguments for 
primary origin, one has to consider (Fig. 2) that before bedding 
correction, the virtual geomagnetic poles (VGP) for sites 1, 2, 
4,5, 8 and 12 are not significantly different (C. T. Klootwijk, 
personal communication) from the apparent polar wander path 
(APWP) for India. In the Linzhou basin, tectonic movements 
of comparatively little amplitude occurred after the main late 
Cretaceous—early Tertiary folding phase. VGP from site 7 with 





Fig.2 APWP for India {from ref. 6) compared with the geomag- 
netic poles of Cretaceous Tibetan sediments and volcanics before 
unfolding. 
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Fig. 3 Palaeolatitude and palaeoorientation of a point now in 

Lhasa as if it were bound to Eurasia (upper curve), or as if it were 

bound to India dower curve). Recalculated from ref. 5 and from 

refs. 6, 7. (1, Results from this paper; A, results from ref. 4; W, 
results from ref. 3. 


both normal and reverse layers is different from the APWP of 
India, Although only a few sites are considered here, it seems 
that VGPs from site 12, from sites 1 and 2 and from sites 4 
and 5 correspond respectively to periods of 65, 50 and 25 Myr 
on the APWP for India, the two last being critical periods for 
remagnetization. This could argue for a remagnetization of 
these formations, when the Lhasa block collided with India. If 
remagnetization occurred, other methads of investigations will 
be necessary to decipher the magnetization, or other types of 
formations should be used to assess the palaeolatitude of Lhasa 
block; useful conclusions can then be deduced from overprinted 
components concerning the latitude of the collisions, but it will 
be difficult to explain how three phases of remagnetization have 
affected, first site 12, then sites 1 and 2 and possibly sites 4, 5 
at 65-50 Myr in a near equatorial latitude, and finally at higher 
latitude site 4, at 25 Myr. 

Until now, the positive fold test has led us to conclude that 
a complete remagnetization probably did not occur and that 
the results give a good approximation of the position of the 
Lhasa block during the Cretaceous. 

Chinese palaeomagneticists have done several studies in 
Xizang, only a few of which have been published. Zhu Xiang 
Yuan et al.” have sampled the Takena red beds probably not 
far from site 4 (the Yayong hill near Peng Po farm). A few 
samples were a.f. demagnetized up to 30 mT and do not show 
any directional change. The result given is based on natural 
remanent magnetism measurements and is dip corrected. 

A more extensive study has been published by Zhu Zhi Wen 
et al.” over Xizang. Results concerning the Lhasa block are on 
red beds from Takena (Lhasa cement mill). All samples were 
a.f. demagnetized up to 50 mT and the results corrected for tilt 
are given in Table 1. 

Compared with the Chinese results for the Linzhou red beds, 
new results have been obtained on more widely distributed 
sites using thermal demagnetization techniques which are 
generally more effective for resolving multi-component 
magnetizations of red beds than are a.f. techniques. Indeed, 
a.f. demagnetizations performed on red beds by Zhu Zhi Wen 
and others leave 90% of the initial magnetization undestroyed 
at the peak field used (50 mT). 

Figure 3 gives the palaeolatitude of Eurasia recalculated from 
ref. 5 and India from refs 6, 7 as a function of time, with the 
results of Zhu Zhi Wen* for Jurassic limestone and Cretaceous 
red beds. Arrows indicate declinations with respect to the north 
and show an anticlockwise rotation of the Lhasa block since 
the Jurassic. During the middle Cretaceous, the palaeolatitude 
of the Lhasa block was about 20°N. The results of Zhu Zhi 
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Wen" indicate a near equatorial latitude during the Jurassic. 
These results confirm that the Lhasa block, which is of Gond- 
wanan origin and has preceded northwards drifting India, was 
widely separated from India during the late Cretaceous and 
possibly during the Jurassic according to Zhu Zhi Wen results 
(Fig. 3). During the Cretaceous the northern edge of India was 
situated near 30°S and the southern margin of Asia probably 
not far from 30° N. As the palaeolatitude of the Lhasa block 
was about 20°N it is likely that the Tertiary convergence 
between South Tibet and India was much larger due to subduc- 
tion and crustal shortening’ than between South Tibet and Asia. 
The anticlockwise rotation of the Lhasa block (Fig. 3) probably 
occurred under the constraint of the anticlockwise rotation of 
northward moving India block. 

This work was supported by the French CNRS and Institut 
National d’Astronomie et de Géophysique and by the Ministry 
of Geology and the Academy of Sciences of the People’s Repub- 
lic of China. Lu Liang Zhong, Yuan Xiang Guo and Ding Fang 
helped with the field work. We thank Mrs A. Curien for translat- 
ing several Chinese papers. Contribution IPG no. 586. 
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Climatic changes in the Plio-Pleistocene of East Africa during _ 
the evolutionary development of early man have been identified 
only in their broadest outlines. A variety of palaeontological’ 
and geochemical“ techniques have already been applied to the 
study of palaeoclimates in this area, but the use of stable oxygen 
isotope ratios, so helpful in marine palaeoclimatology, has not 
been fully exploited"®. The frequent occurrence of well-pre- 
served mollusc shells in the sedimentary column at Lake 
Turkana provides a sensitive oxygen isotope record, varying 
over a range of 7%, which can be interpreted in terms of 
evaporative concentration of the heavier oxygen isotope in 
waters of the closed lake, alternating with isotopically lighter 
freshwater when the lake has been open. I report here the 
results of a study of the “°O/'*O ratios of three species of 
gastropods from the sediments. of the Koobi Fora region of 
Lake Turkana, and evaluate how the technique might be applied 
to the study of the palaeoclimates of other tropical lakes. 

The sedimentary deposits of palaeo-Lake Turkana in north- 
ern Kenya are well known for their yield of hominid fossils’ 
and artefacts of early man. They also include numerous and 
varied land and freshwater fossils, including the frequent occur- 
rence of well-preserved mollusc shells. A well-documented 
collection of these shells’ provided the impetus and raw 
materials for this study. Among the 95 shell-bearing horizons 
recognized by Williamson in his study of the palaeontology of 
the Lake Turkana molluscs, some 36 contain the gastropods 
Mellanoides tuberculata, Cleopatra ferruginea and Bellamya 
unicolor. These three were chosen from among the ~20 species 
identified by Williamson because: (1) they occur in shallow 
water habitats and would be expected to be in good equilibrium 
with the surrounding water; (2) they are capable of living over 
a wide range of pH and concentrations of dissolved salts 
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(although Bellamya is more sensitive than the other two); (3) 
they frequently inhabit the same sedimentary horizon, and thus 
provide an intergeneric check on the isotope results; and (4) 
they are the most ubiquitous of the Lake Turkana molluscs, 
and are thus best suited to give a reasonably continuous climatic 
record. 

Well-preserved specimens were selected and whole shells 
were ground to a powder and examined by X-ray diffraction 
for aragonite/calcite ratios. All results reported here are for 
shells of >90% aragonite. Oxygen isotope ratio measurements 
were made on a VG Micromass 602C spectrometer, the 6'"O 
values were calculated in the usual way and are reported here 
versus the PDB standard'’. The results are shown in Fig. 1, 
together with various stratigraphical and sampling cata. Details 
of collection sites, stratigraphy and palaeontology are given 
elsewhere’*"'', while locations and the sample numbers used 
in this study are recorded in Fig. 2. The results from the 
Williamson collection were supplemented by a few samples 
which I collected from the Galana Boi Beds (Holocene), and 
samples from the modern lake, obtained by dredging near the 
mouths of the Kerio and Omo Rivers. For comparison contem- 
porary gastropod shells from Lakes Victoria, Edward, Albert 
and Kivu were analysed and their isotopic results included at 
the top of Fig. 1. Excursions of the oxygen isotope curve towards 
positive values represent evaporative regimes and indicate dry 
and/or hot climates. Excursions towards negative values rep- 
resent non-evaporative conditions, and indicate cool and/or 
wet climates. 
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Fig.1 Variation of 8‘ *Oppp with 
stratigraphical level of the fossil 
molluscs in the Plio-Pleistocene 
sediments east of Lake Turkana, 
Kenya. a, Sediment depth. 6, Mol- 
luscan stratigraphical levels. These 
levels were assigned by William- 
son’ and are numbered consecu- 
tively from the lowest and oldest 
horizon where shells are found, 
upwards. The stratigraphical levels 
cited include all those in which one 
or more of the three species of 
gastropods chosen for this study 
were found. c, 6'*O in % versus 
the PDB standard. x, Fossil 
Cleopatra ferruginea; Ù, fossil 
Bellamya unicolor, ©, fossil 
Melanoides tuberculata, all from 
the Lake Turkana sediments; @, 
contemporary Bellamya, @, con- 
temporary Melanoides. In con- 
structing the regression line, gen- 
erally the most extreme values of 
6'°O at each level were selected, 
representing the extremes of 
evaporative concentration of 
H-O, or dilution by meteoric 
water. This emphasizes short-term 
extremes of climate over longer- 
term averages. d, Generalized 
geological section, with disconfor- 
mities. e, Dated marker beds, The 
contemporary Lake Turkana gas- 
tropods came from delta areas near 
the Omo and Kerio Rivers. The 
stratigraphy and tuff marker bed 
correlations are described 
elsewhere 1°70, Reproducibility 
for the isotope measurements was 
+0.1% for multiple analyses of the 
same individual gastropod and 
generally better than +0.5% for 
interspecies comparisons when 
more than one species was found 
at the same stratigraphical level. 


Marker horizons 
and dates 


e 


Note that a few of the climatic fluctuations in Fig. 1 are 
marked by a substantial range of isotopic values at the same 
stratigraphic horizon (for example, 59, 60), implying a substan- 
tial change in 6'°O with little change in lake level. A rapidly 
changing microenvironment is the obvious explanation, but no 
choice can be made among the many detailed scenarios that 
might produce such changes. These situations are, fortunately, 
few in number, and do not vitiate the principal trends. 

The concentration of the heavier isotope of oxygen in 
evaporative regimes is well known'*'* and has been studied 
over short time spans in both marine and lacustrine environ- 
ments. The study by Fontes and Gonfiantini'* on Saharan closed 
basins, Gara Diba Guelta and Melah Sebkha, is the most 
pertinent. However, the nearly idealized conditions of their 
study (limited to 1 yr on a basin with no further input of water 
or salts during that year) are difficult to extrapolate to Lake 
Turkana, which has existed for 10,000 yr as a closed basin since 
its last flushing’, has had continuous but erratic input of water 
during that period, and been through a period of considerable 
volcanic activity by volcanoes actually in the lake, and has been 
subjected to widely different conditions of relative humidity 
during those years. Nevertheless, at Lake Turkana, the evapora- 
tive history can be deduced approximately because we have 
three known points defining the relationship between 6'"O and 
the increasing alkalinity of the lake. This relationship is shown 
graphically in Fig. 3. In temperate cool/wet climatic conditions, 
calcium carbonate precipitated from meteoric water has a range 
of 5'8Opp, at about —5 to —4% (ref. 16), depending on the 





Nature Vol. 297 27 May 1982 


323 





prevailing temperature’’. (A 5°C temperature range, such as 
currently exists among East African lakes*®, is indicated by the 
crosshatched area of Fig. 3.) At Lake Turkana, the most positive 
Oppe values for mollusc shells fall near +4%., representing 
near extinction conditions (16 mequiv. 17 of alkalinity). The 
present lake, with virtually all molluscs extinct except in areas 
immediately off the mouths of the Omo, Turkwell and Kerio 
Rivers, has an alkalinity of 22 mequiv. I" and a 6 ’Osyow value 
of +6%, would be expected to precipitate calcium carbonate 
with a &*°Oppp value of nearly 6% (ref. 16). Note that Fig. 3 
is an approximation for palaeo Lake Turkana only, and a line 
of drastically different slope could result from similar construc- 
tions for other lakes, or even for Lake Turkana in different 
carbonate supply conditions. (Lake Baringo, ôt Osmow = 
+8.43% and an alkalinity of 4.44 mequiv. I~’ (ref. 16) represents 
such a very different lake.) 

A similar alkalinity-oxygen isotope curve can be constructed 
for other palaeolakes, provided, of course, that alkalinity has 
not accumulated so rapidly that it curtailed molluscan growth 
early in the history of the lake. 

The climatic trends recorded in Fig. 1 for Lake Turkana have 
some contemporary analogies in Africa. The warm/dry periods 
which have characterized much of the past at Lake Turkana 
and which prevail today are also recorded by much the same 
oxygen isotope ratios in modern gastropods at Lakes Victoria, 
Edward, Albert and Kivu (6°Oppp=0 to +4%), suggesting 
that temperature more than relative humidity controls the 
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Fig. 2 Koobi Fora region of the Lake Turkana Basin, Kenya, 

showing the sample numbers (molluscan stratigraphic horizons) 

and collection sites of the gastropods used in this study in the 
topographically delineated fossil localities’. 
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Fig. 3 Change in ôt*Oppp of gastropods at Lake Turkana as a 
function of progressive increase in alkalinity. Meteoric waters, 
subjected to little evaporative loss, would yield molluscs of 
8 Oppg = —4% at near zero alkalinity. Progressive evaporation 
of the lake in a closed basin would increase the alkalinity and the 
5'%0 of the molluscs along the curve to the right. Extinction 
occurs at an alkalinity of about 16 mequiv. 17`". The cross-hatched 
area represents temperature effects on 8'80 (ref. 17), assuming 
the normal temperature range of contemporary East African lakes 
of ~5 °C (ref. 18). 


evaporative concentration of O. On the other hand, the nega- 
tive values of 5'*O which have been observed for gastropods 
of historical times are similar to the isotope ratios of contem- 
porary gastropods of rivers in the Transvaal (8°Opps = —2 to 
—4%o) or in southern Zaire (—3.5%). Lake Turkana thus had 
quite a temperate climate at times in the past. 

It is unfortunate that the only dated sediments at Lake 
Turkana are the tuff horizons, so that correlations with the 
well-dated marine climatic fluctuations cannot be very precise. 
However, the more important use for this technique is to secure 
climatic information to be associated with particular fossil beds 
or archaeological sites, and thus define the climatic component 
of the evolutionary pressures on the animal population, includ- 
ing man. 

I thank Peter Williamson for providing the molluscs for this 
study, Tom Rockett for assistance in the X-ray analyses, Cecile 
Vanech for assistance in preparation of the carbon dioxide 
samples, the Graduate School of Oceanography at this univer- 
sity for use of the mass spectrometer, Andrew Cohen for 
furnishing samples of contemporary molluscs from Lake 
Turkana, the Museum of Comparative Zoology of Harvard 
University for providing mollusc samples from many African 
lakes, and particularly Richard Leakey for field support at Lake 
Turkana. 
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The remarkable capacity of an observer to perceive and recog- 
nize objects and forms independent of the exact nature of their 
components can be described as a process of reconstruction. 
We have measured the ability of human observers to recognize 
square-wave or sinusoidal gratings when presented as a pattern 
of regularly taken spatial samples (see Fig. 1). To recognize 
the waveforms, the observer must visually reconstruct them 
from the samples—a process which can be described by the 
Shannon—Whittaker theorem” ? of sampling and which Barlow 
suggests may be carried out by the numerous stellate cells of 
the visual cortex’. We report here that at low spatial frequencies, 
relatively more sample lines per spatial cycle were needed for 
wave recognition than were needed at higher frequencies. 
However, a square-wave grating was still recognized easily even 
when it was sampled at a rate at which its third harmonic could 
not be recognized when presented alone. At high spatial 
frequencies the square wave was identified when the sampling 
rate was so low that it caused the third harmonic to be under- 
sampled. This contradicts the idea that a complex wave is 
analysed by parallel spatial frequency channels** and empha- 
sizes the capacity of the visual system to use signal features 
other than the harmonic frequency components of an image to 
recognize it. 

From the Shannon—Whittaker sampling theorem’? we know 
that a signal having a limited bandwidth B can be completely 
reconstructed from samples provided that the samples are taken 
densely enough, that is, above the minimum sampling frequency 
of 2 B (the Nyquist frequency). The signal can be reconstructed 
by suitable interpolation between the samples or, conversely, 
by reconstruction filtering. In the psychophysical context 
described here, the term ‘reconstruct’ refers to the observer's 
ability to perceive certain predetermined spatial features, such 
as waveform or spatial frequency, in a stimulus consisting of 
spatial samples of a grating of particular waveform and spatial 
frequency. The sampling theorem cannot be applied to spatial 
vision in a straightforward manner, because the number of 
samples per cycle needed for signal reconstruction actually 
depends on the spatial frequency value of the grating (that is, 
the number of cycles deg™’ the grating subtends at the observer’s 
eye’. When viewed close to, the coarsely sampled gratings on 
the right and left in Fig. 1 cannot be recognized as sinusoid 
and square wave, respectively, but at far enough distance the 
‘grating Gestalts’ become visible in the sampled images. 

We have measured psychophysically how many samples per 
spatial cycle are needed to recognize sinusoidal and square- 
wave gratings. Two gratings were presented successively for 
600 ms. The first was always a ‘sampled’ grating consisting of 
vertical sample lines of width 4 min. The samples were taken 
either from a sinusoid with contrast c = 0.80 or from a square 
wave with c =0.63, where c = (Lmax ~ Lmin)/(Lmar t Lmin) and 
Laa and Lmin refer to the maximum and minimum luminances, 
respectively, in the grating. With these contrasts the funda- 
mental frequency component of the square wave and the 
sinusoid of corresponding spatial frequency both have the same 
energy content. The samples were taken at regular intervals 
and presented against a background of constant mean lumin- 
ance, 120 cd m”. The second stimulus was a continuous grating, 
also vertical, but with lower contrast (0.50 in sinusoids and 0.31 
in square waves). This made the perceived contrast of the 
reference and the sampled grating approximately similar. The 
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subject had to indicate whether or not the appearance of the 
first grating, the sampled one, matched the reference grating 
in certain required properties. The density of sampling was 
increased or decreased according to the response, to determine 
the subject’s threshold. Dense sampling results in a clearly 
visible grating of continuous appearance, when the sampling 
rate is decreased, the sample lines become visible, but a total 
‘grating Gesalt’ can still be seen. | 

Two different threshold criteria were used. First, the subject 
decided whether he could see the same spatial frequency and 
waveform in both of the gratings. If he could not, the sampling 
rate was increased, otherwise it was decreased. Then he indi- 
cated when he was sure that no features of the reference grating 
waveform remained in the sampled image. This was done in 
order to estimate how much the criterion level shifts affected 
the results. The thresholds were measured separately for the 
sinusoids and the square waves and four spatial frequency values 
were used. The threshold sampling rate was calculated as the 
mean of the 10 last minium and maximum values occurring 
during a threshold run. 

The results are expressed in terms of sampling efficiency, 
which relates the measured threshold sampling rate to the 
Shannon-Whittaker or Nyquist limit of the grating frequency 
which was studied. The sampling efficiency E(s) = N(s)/S(s), 
where s is the spatial frequency, N(s) is the corresponding 
Nyquist rate and S(s) is the measured value. Thus, E(s) 
describes the functional sampling efficiency of the visual system 
in recognition tasks which require spatial interpolation or recon- 
struction. The results in Fig. 2 indicate that almost identical 
E(s) values were obtained for the two different waveforms. For 
both waveforms, E(s) increased as a function of spatial 
frequency. When the spatial phase of the grating at which the 
sampling started had the value 0, 7/4, m2, 3ar/4 or m, similar 
results were obtained, suggesting that the phase was not critical. 
This was not surprising because the sampling efficiency was 
rather low at the spatial frequencies used, at 8 c deg ‘ being still 





Fig. 1 Spatial sampling effects in grating perception, Square- 
wave (a, c) and sinusoidal (b, d) gratings of equal spatial frequency 
have been sampled at regular intervals. Only the sample values 
carry the grating information and the spaces between them have 
a constant background value. a, b, Sampling rate of 11 lines per 
cycle. Increasing the viewing distance (that is, the spatial frequency 
of the gratings and the angular sampling density) makes it easier 
to identify the two waveforms even though the physical sampling 
constraints remain the same. c, d, The same gratings as in a and 
b, but with sampling density of 7 lines per cycle. The waveforms 
can be recognized only by increasing the viewing distance 
sufficiently. The edges of the square wave (a, c) are seen first and 
it does not have the appearance of its fundamental frequency 
component. Furthermore, both waveforms are identified simul- 
taneously when the viewing distance is increased, Quantitative 
results of the sampling and reconstruction effects ar presented in 
Fig, 2. 
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Fig. 2. Sampling efficiency of human spatial vision. We studied 
the number of sample liners per cycle needed for grating waveform 
recognition . Two different waveforms were used: A, Â, sinusoid; 
©, ©, square wave, The stimuli from which the samples were 
taken had contrasts of 0.80 and 0.63, respectively, which makes 
the energy content of the sinusoid equal to that of the fundamental 
component in the square wave having the same spatial frequency. 
_ The subject adjusted the density of sampling in the grating until 
_ he decided that it had the required appearance. Two criteria for 
~~ the appearance were used: threshold for recognizing the waveform 
(open symbols) and threshold for the disappearance of the recog- 
_- -nizable waveform (filled symbols). The threshold value was taken 
as the mean of the last 10 settings. The results are expressed in 
terms of sampling efficiency, E(s) = N(s)/S(s), Where N is} is the 
Nyquist sampling frequency at spatial frequency s and S(s) is the 
threshold value obtained. Viewing was monocular, with natural 
pupil. Mean luminance was 120 cdm, the grating size 28 x 
21 cm, and viewing distance 798 cm. Results for one subject (P, 
L.), an experienced and emmetropic observer, are shown. Experi- 
ments with three other subjects gave similar results. The bars 
represent 1 s.d. and for clarity, only some representative s.d. values 
are shown. The lines have been drawn by eye and indicate the 
results for the two different waveforms. The inset describes the 
waveforms sampled. 


~0.6. Changing the threshold criteria caused an average change 
of 0.10 in efficiency. 

If the sampled square wave is recognized when enough of 
its harmonics contribute to its appearance, then it follows that 
the sampling rate needed for its recognition should be high 
enough to make these harmonics recognizable when presented 
alone. In contrast, the results show that the square wave was 
recognized even if it was sampled at a rate at which the third 
harmonic could not be seen. Furthermore, for higher spatial 
frequencies, the threshold sampling rates for identifying the 
square wave grating were so low that an efficiency value better 
than 0.33 was achieved, indicating that the third harmonic of 
the image must have been undersampled. 

Our results contradict the models which describe the visual 
system as a Fourier analyzer in which a complex waveform is 
recognized on the basis of the information obtained from its 
harmonics, each of which is channelled through its own spatial 
frequency selective channel**. The visual system can also use 
other features than the harmonic frequency components of an 
image to recognize it. In the case of a high frequency square- 
wave grating it performs better than expected on the basis of 
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the sampling theorem. Such performance is known to be poss- 
ible in some artificial signal processing systems” and has also 
been demonstrated for a model of cortical information pro- 


cessing”. 
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Sleep is accompanied by alterations in neurophysiological 
activity in many discrete regions in the brain’. Such alterations 
could be expected to be accompanied by corresponding changes 
in locai metabolic rate’, We have now looked for the specific 
regions involved in sleep, at least in the stages other than rapid 
eye movement (REM) sleep, by using the [2-"*C]deoxyg ucose 
method for measuring local cerebral glucose utilization’ in the 
rhesus monkey. Contrary to what many have predicted, animals 
during stages 2-4 of sleep exhibited a non-selective, generalized 
30% decrease in cerebral metabolic rate. Of the 75 structures 
measured, none exhibited a higher rate in non-REM sleep than 
in wakefulness. oe 

The study was carried out in four awake and four sleeping 
rhesus monkeys weighing 3.8-5.9 kg. They were surgically pre- 
pared several weeks before the experiment with electrodes 
implanted over the dura, in the orbital region and in neck 
muscles to permit electrical monitoring of cerebral, ocular and 
muscular activities. The animals spent daytime hours in cages 
in which they were free to move. To accustom them to the - 
experimental conditions, we placed them in a restraining chair 
at a regular hour in the early evening. The chair was moved to 
a ventilated, darkened chamber in which white noise was con- 
tinuously generated at an intensity of 70dB to mask adven- 
titious sounds outside the chamber. The animals readily accep- 
ted this environment and would sleep normally each night. 

On the day of the experiment catheters were inserted in the 
femoral artery and vein of one leg to allow the intravenous 
administration of '“C-deoxyglucose and arterial sampling. This 
was done under light halothane anaesthesia, from which they 
took 5-10 min to recover. Three hours later the animals were 
placed in the sleep chamber. The experimental procedure was 
initiated in the four sleeping animals ~5 min into the period 
of slow-wave sleep that immediately followed the first period 
of REM sleep. Three of the control (awake) animals were also 
allowed to fall asleep. Five minutes after their first period of 
REM sleep, however, they were aroused by a gentle jostling 
of the chamber after which the experiment was begun. The 
jostling was occasionally repeated when necessary to maintain 
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wakefulness. A fourth awake control was studied before the 
onset of sleep. In addition to polygraphic monitoring, a video 
camera in IR light was used to assess the animal's degree of 
consciousness during the experiment. In the four sleeping 
animals, on the average 23 min of the 30 min experimental 
period was occupied by sleep stages 3 and 4. There were 
occasional, randomly distributed lapses into stage 2 which lasted 
on the average 5 min. These lapses took place in only two 
monkeys during the crucial first 15 min and both lasted 1.5- 
2 min. Periods of REM sleep and wakefulness, averaging 1 min 
each, occurred during the last 10 min, when their effect on the 
results would be negligible due to the relatively low concentra- 
tion of deoxyglucose in the blood at that time. 

The experiments were initiated by an intravenous pulse of 
2-deoxy-D-[1-'*C]glucose (specific activity 50-56 mCi mmol `) 
dissolved in physiological saline in a dose of 100 Ci per kg. 
The procedure was carried out as previously described*. For 
each animal, approximately 400 brain sections in the Horsley- 
Clarke frontal plane were prepared for quantitative 
autoradiography together with a smaller number for histological 
staining. The local rates of glucose utilization were calculated 
from 12 measurements of optical density for each of 75 struc- 
tures in each animal, by means of a transmission densitometer. 
The aperture used was 0.5 or 0.25 mm, depending on the size 
of the structure. When the location of a small nucleus in the 
autoradiograph was uncertain, positive identification was made 
with the aid of an adjacent histological section stained with 
cresy! violet. 

Midway through the procedure, arterial blood was sampled 
for the determination of pH and the partial pressure of the 
respiratory gases. The mean values +s.e.m. of 7.47+0.01, 


STRIATE CORTEX 





SENSORIMOTOR CORTEX 





AWAKE ASLEEP 


Fig. 1 '*C_deoxyglucose autoradiographs of coronal sections of 
striate/prestriate cortex (above) and sensorimotor cortex (below) 
of monkey brain. The sections on the left are representative of 
the group of awake monkeys, those on the right, of the group 
asleep. In the striate/prestriate cortex of the awake monkey, the 
dark bifid line parallel to the cortical surface corresponds to Layer 
IV. Fine, regularly spaced markings perpendicular to the cortical 
surface traverse the entire cortical thickness. Directly beneath the 
cortex on the upper surface and parallel to it is part of the prestriate 
cortex. Here Layer IV is not seen but there are rather broad 
perpendicular markings which are irregularly spaced. In the cor- 
responding section of striate/prestriate cortex of a sleeping animal 
(upper right), these markings are virtually indistinguishable. The 
narrow dark and light bands (lower right hand side of the section 
from the sleeping animal) are artefacts due to wrinkling of the 
section at the time of cutting. In the sensorimotor cortex of the 
awake animal (lower left), both perpendicular and horizontal 
markings are seen. In sleep (right), all these markings virtually 
disappear in both cortical regions, and the metabolic rate is nearly 
uniform in the various cortical layers. 





Table 1 Glucose utilization in monkey brain during slow-wave sleep (umol per 





100 g per min) 
Awake Asleep Yo 
Structure (n =4) (n=4) Change P value 
Cerebral cortex 
Striate 46+3 3045 -35 <0.05 
Inferior parietal 44+2 28+2 -38 <0.01 
Auditory 81+2 46+0.1 -44 <0,0001 
Accessory auditory 4543 36+2 —21 <0.05 
Somatosensory 59+8 4222 -28 <0.1>0.05 
Motor 4423 3242 -26 <0.05 
Inferior temporal 4823 40+3 -16 0.1 
Cingulate Sl+4 35+4 -30 <0.05 
Perirhinal 2742 22+2 -21 <0.2 
Prefrontal 59+6 43+3 -28 <0.05 
Medial orbital 5i+4 3441 -17 <0.01 
Thalamus 
Lateral geniculate body 4321 25+1 -41 <0.0001 
Medial geniculate body 73+2 46+1 -37 <0.0001 
Dorsal medial n. §3+3 3442 -37 0.001 
Ventral post. lat. n. 43+3 30+1 -29 <0.01 
Lateral dorsal n. 4323 27+2 -37 <0.01 
Central lateral n. 4422 30+6 -33 0.05 
Midline n. 3724 28+2 -23 0.10 
Anterior n. 39+1 3324 -17 0.2 
Anterior medial n. 526 3442 -33 <0.05 
Reticular n. 283 17+1 -40 <0.02 
Pulvinar 4321 29+2 -32 <0.001 
Ventral anterior n. 39+2 26+2 -34 <(.01 
Lateral habenula 48+3 41+3 -14 0.2 
Medial habenula 35+2 28+2 —21 <0.05 
Hypothalamus 
Ventromedial n. 2621 21+2 -20 <0.1>0.05 
Supraoptic n. 29+ 1 22+2 -23 <0.02 
Suprachiasmatic n. 28+2 22+1 -21 <0.05 
Medial mamillary n 63+4 47+1 -26 0.01 
Preoptic area 27+1 2142 -22 <0.05 
Lateral hypothalamic n. 26+1 212 -18 <0.1>0.05 
Limbic system 
Lateral amygdaloid n. 3143 25+2 -20 0.1 
Basal amygdaloid n. 27+2 22+1 -16 0.2 
Hippocampus 34+3 28+2 -19 <0.1>0.05 
Hippocampal gyrus 39+3 303 -24 <0.1>0.05 
Dentate gyrus 3443 28+2 -16 0.2 
Lateral septal n. 22+2 20+2 -9 0.5 
Medial septal n. 29+2 21+1 -29 <0.01 
Substantia innominata 26+2 18+1 -29 <0.01 
Extrapyramidal motor system 
Caudate n. 59+5 44+2 -26 <0.05 
Putamen 5934 49+1 -18 <0.05 
Globus pallidus 24+2 20+1 -15 0.1 
Nucleus accumbens 3524 29+2 -15 03 
Claustrum 2722 24+2 -11 04 
Subthalamus n. 62+5 40+2 -35 <0.01 
Substantia nigra 34+3 24+1 -30 0.02 
Red nucleus 4933 36+1 -27 <0.01 
Brain stem and midbrain 
Reticular mesencephalic n. 3341 212 -36 <0.001 
Oculomotor n. 59+3 46+2 -23 0.01 
Interpeduncular n. 41+2 38+3 -6 0.6 
Superior olive 93+14 68+5 -27 0.1 
Raphe n., dorsal 34+3 29+2 -16 0.2 
Raphe n., ventral 35244 28+2 -22 0.1 
Reticular n., magnocellular 3423 25+2 -26 <0.05 
Locus coeruleus 3343 27+3 -19 0.2 
Superior colliculus §5+2 37+2 —33 <0.001 
Inferior colliculus 160410 126413 -21 <0.1>0.05 
Central gray substance 36+1 27+3 -25 <0.02 
Ventral tegmental n. 37+2 28+2 -23 <0.05 
Vestibular n. 78+8 §9+5 -25 <0.1>0.05 
Cochlear n. 67+1 64+2 -5 0.1 
Caud. mesenceph. retic. n. 34+1 24+3 -29 <0.02 
Solitary tract, n. 38+5 32+4 -15 0.4 
Area postrema 31+0.6 20+2 -36 0.001 
Cerebellum 
Crus I 3442 2423 -30 <0.05 
Vermis 36+2 24+1 -33 <0.01 
Flocculus $343 28+2 -46 <0.001 
Dentate n, 61+6 49+3 -19 0.1 


White matter 


Corpus callosum 1340.7 101 -20 <0.05 


Anterior commissure 1040.3 100.5 -7 0.3 
Internal capsule 14+1 12+0.9 -15 03 
Corona radiata 8+0.6 S+0.4 -38 <0.01 
Optic tract 18+4 1420.3 -21 0.4 
Fasciculus retroflexus 32+1 24+2 -23 <0.02 
Pyramids 10+2 7i -36 0.1 





Values are mean +s.e.m. 
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40+2, 88+2mm Hg for pH, Poco, and Po, respectively, in 
awake animals were not significantly different from those. of 
7.43+0.02, 4642 and 91+3 in sleep. 

The rates, of local cerebral glucose utilization in the awake 
controls in this study were similar to those previously obtained 
by Kennedy et al.* in awake animals in the laboratory, except 
for the rates in a few structures of the auditory and visual 
pathways: The alterations in these structures could be accounted 
for by the differing environmental conditions. - 

In the present study, mean rates of glucose utilization were 
lower in sleeping monkeys than in awake controls in éach of 
the 75 structures examined, and the difference was significant 
(P<0.05) in 44 cases (Table 1). The reductions were largest 
and most consistent in cerebral cortex, cerebellum and 
thalamus, but no anatomic or functional system was selectively 
affected, and in no structure was the value in sleep above that 
during wakefulness. There is, therefore, no evidence to suggest 
that any cerebral centres were activated during slow-wave sleep. 
Rates of glucose utilization in the cerebral cortex of the awake 
animals were seen to be variable in the autoradiographs, which 
revealed dark markings perpendicular to, and in some areas 
also parallel to, the cortical surface. Such markings were found 
in nearly all the major subdivisions of the cortex and, in some 
cases, the pattern was characteristic for the given area, such as 
the striate cortex (Fig. 1). This variable pattern of metabolic 
rates, reflecting the columnar organization of cortical function, 
virtually disappeared from all regions of the cortex in sleeping 
animals (Fig. 1). 

It has recently been reported that the rate of glucose utiliza- 
tion in the choroid plexus of the cat is elevated in slow-wave 
sleep’. Although the kinetics of deoxyglucose in this tissue has 
not been sufficiently analysed to ensure accurate quantification 
of its rate of glucose utilization, the calculation used in this 
study for brain tissue probably provide at least an index of its 
metabolic rate. We used a computerized i image-processing sys- 
tem® to obtain values for choroid plexus in the monkeys. The 
brain sections containing this tissue were enlarged 15 times to 
display the irregular borders which then could be traced with 
an outline marker. Thus it was possible to obtain an integrated 
value for the structure in each section. Values did not vary 
significantly in the lateral, third and fourth ventricles, and no 
statistically significant differences were found between sleeping 
and waking animals. 

It was possible to calculate a single weighted average rate of 
glucose utilization of the brain as a whole by scanning all 
sections with the computerized image-processing system pre- 
viously described®, The mean +s.e.m. was 35+2 pmol per 100 g 
per min for the four awake control animals. This value was not 
Statistically significantly different from the value of 36+ 1 pmol 
per 100 g per min found by Kennedy et al. for the previously 
published results from seven conscious monkeys studied in the 
ambient environment of the laboratory*. Thus the awake con- 
trol animals in the present study did not have a generalized 
activation of cerebral metabolic rate due to the experimental 
conditions, such as the confinement in a closed chamber and 
the acoustic stimulation. In the four sleeping monkeys, the 
average rate of cerebral glucose utilization was 25 + 1 pmol per 
100g per min, a statistically significant reduction (P<0.02) 
below either of the awake groups. 

The results of this study might seem inconsistent with those 
of Mangold et al”, who used the Kety-Schmidt method and 
found no difference in cerebral metabolic rate between slow- 
wave sleep and wakefulness in human subjects. In five subjects, 
cerebral oxygen consumption declined during sleep, but in the 
remaining subject it increased by 34%. As a result, in the group 
as a whole, cerebral oxygen consumption was not statistically 
significantly different in sleep and wakefulness. The large 
difference in the one subject, however, indicates that this subject 
is a statistical outlier by the criteria of either Grubbs? or Dixon’. 
Thus there is a statistical rationale for his elimination from the 
series. Mangold et al.’ had no reason to discard the findings on 
the basis of the subject’s behaviour or any aspect of the pro- 


cedure, but had they done so for the statistical reasons cited, 
the mean value for cerebral oxygen consumption in the remain- 
ing five subjects would have declined during sleep by a statisti- 
cally significant (P < 0.03) 11%. The earlier study in man would 
then be qualitatively consistent with the findings reported in 
the present studies in the monkey. The discrepancy in the 
magnitude of the effects may be due to differences in the 
methods, species, or conditions in which the studies were con- 
ducted. In the present study, the measurements were made at 
the usually normal sleeping time of the monkeys; in the earlier 
studies in man, the measurements were made at 4:00-6:00 a.m. 
following deprivation of sleep at the normal scheduled time, 
and the individuals could have been fatigued. 
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When living axons are examined in the light microscope many 
of the membrane-bounded organelles they contain can be seen 
to undergo rapid saltatory movements, predominantly in the 
retrograde direction’. This is thought to be an important com- 
ponent in the fast transport of materials in axons, the mechanism 
of which is unknown although cytoskeletal elements such as 


actin filaments and microtubules are probably involved (see 


ref. 2 for review and refs). I describe here experiments in which 
giant axons from the legs of the crab Carcinus maenas have 
been made permeable to ions and small molecules using a high 
voltage discharge to puncture holes in the plasma membrane’. 
This allows, in a suitable buffer, movement to be arrested due 
to the loss of metabolites and then reactivated by the addition 
of exogenous ATP, thus showing directly for the first time that 
rapid saltatory motion in axons is an ATP-requiring process. 

Electrically active giant axons (~30 um in diameter) from 
the walking legs of C. maenas were dissected in sea water or 
in a standard reactivation buffer (400mMK_ glutamate, 
150mM glycine, 10mM EGTA, 20mM HEPES pH 7.2, 
15 mM MgCl.) at room temperature (about 20°C). This was 
carried out in a 5-cm plastic Petri dish in the base of which a 
1-cm hole had been drilled and a poly-L-lysine-coated* glass 
coverslip inserted. The polylysine allows the axons to adhere 
strongly to the glass coverslip so that high magnification phase 
contrast objectives may be used. A region of axon with particles 
exhibiting saltatory movement was selected for permeabiliz- 
ation, and the dielectric breakdown of the plasma membrane 
was then brought about by the discharge of a 1 uF capacitor 
across the axon between two fine stainless steel electrodes held 
in Micromanipulators. A discharge voltage of 70-80 V with the 
electrodes set 160 um apart (about 5 kV cm™?) gave the best 
results and a series of holes were made in this way at intervals 


of 10-20 um over a distance of 2mm. The exact size of the 


holes produced is not known but can be inferred, from the 
results shown below, to allow molecules of molecular weight 
at least 900 to pass into and out of the axon; tracer studies 
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with adrenal medullary cells’, have shown that this procedure 
produces holes of about 4nm diameter. The stability of the 
holes made in the axon was shown by the observation that the 
axoplasm of permeabilized but not intact axons was rapidly 
liquified by the addition of millimolar concentrations of calcium 
(in the absence of protease inhibitors). It could thus be shown 
that the holes remain open for at least 2 h; experiments were 
not continued for longer than this as both permeabilized and 
intact axons seems to lose their ability to sustain movement 
after this time in vitro. 

Movements in axons dissected from the crab leg and mounted 
in reactivation buffer were similar to those described in other 
systems”. Particles underwent transient movements at rates of 
up to 2ums°' with the majority (>80%) travelling in the 
direction of the cell body (Fig. 1), Many particles that did not 
undergo persistent movement underwent oscillations of small 
amplitude (<1 ym) along the axis of the axon. Mitochondria, 
which in these axons reach up to 50 um in length, moved only 
occasionally, but at high rates when they did so. On permeabiliz- 
ation in reactivation buffer lacking ATP, movement progress- 
ively declined, with first the large and then the smaller particles 
coming to rest; the mitochondria often fragmented to give the 
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Fig. 1 A sequence of 
photographs ‘of a particle 
(encircled) moving in an 
unlysed axon. The axon 
was mounted as described 
in the text and viewed 
with a Zeiss IM35 inver- 
ted microscope. Photo- 
graphs were taken at the 
indicated times using 
Ilford FP4 film. Scale bar, 
10 um. 


Fig.2 Number of particles 
passing a cross-section of 16 
axoplasm perpendicular to 


ATP 
Lysed added 


the long axis of the axon. E 12 
The graph shows particles js 
moving in a single axon a. 
before permeabilization F 


(‘lysis’), after permeabiliz- 
ation, and after reaction 
with 6 mM ATP. 
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appearance of beads on a string. The decline in movement 
depended on the loss of ATP, ADP and arginine phosphate by 
diffusion into the external medium. The method given above 
resulted in a complete cessation within about 5 min of making 
the holes. The decline could be accelerated, however, by the 
inclusion of 10mM 2-deoxyglucose in the medium which 
greatly increased the rate of ATP (and thus arginine phosphate) 
turnover; 2-deoxyglucose was not routinely used. 


Fig. 3 Instantaneous velocities of 
particles moving in: a , b, intact 
axons; c, d, axons reactivated in 
6mM ATP. Particles are grouped 
according to their major direction 
of transport: a, c, towards the cell 
body (retrogradely); b, d, away, 
from the cell body (anterogradely). 
Instantaneous velocities were 
calculated from the time particles 
took to pass between gradations 
on an eyepiece graticule corres- 
ponding to 0.97 um along the 
axon. Times were recorded 
initially on a cassette tape and then 
analysed by a computer program 
which calculates the velocity over 
each increment. The graphs rep- 
resent the normalized distribution 
- of velocities from several particles 
in each case: a, 1,251 velocity 
measurements from 18 particles; 
b, 380 from 5 particles; c, 542 
from 15 particles; d, 119 from 5 
particles. 
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Movement was rapidly restored by the addition of ATP; the 
usual concentration used was 6mM but as little as 500 uM 
could restore some movement. Movement could be reactivated 
in axons within 90 min following permeabilization; and per- 
sisted for up to 2 h in exogenous ATP. The extent of reactiva- 
tion, as measured by the number of particles passing a point 
per minute, varied between experiments, ranging over 25-70% 
(Fig. 2). This variation may be due to both the more erratic 
nature of movements after reactivation and a reduction in the 
average velocity at which particles moved. A study of instan- 
taneous velocities (here defined as the velocity over a distance 
of 1 pm) of particles moving in unlysed and reactivated axons 
showed a reduction in the mean velocity of retrogradely moving 
particles (Fig. 3). The average velocity may have decreased 
because the conditions of reactivation were less than optimal, 
although ATP did not seem to have a limiting effect as further 
increases in its concentration did not increase the rate of 
movement. 

Movement was not reactivated by either GTP (6 uM) or the 
non-hydrolysable ATP analogue adenylylimidodiphosphate 
(AMPPNP, 6 mM). However, the addition of 6mM ADP did 
restore some movement. This may have been due to the action 
of adenylate kinase, a ubiquitous enzyme which can produce 
ATP from ADP (2 ADP ATP + AMP), as the restoration of 
movement was prevented by an inhibitor of adenylate kinase 
(500 um Pt, P5-di(adenosine-5')pentaphosphate’). This in- 
hibitor (diadenyl pentaphosphate) did not inhibit movement in 
the presence of exogenous ATP. It appears that the functional 
integrity of the axoplasm depends on the anion included in the 
reactivation mixture; movement continued if glutamate was 
replaced with aspartate but not with a-ketoglutarate, tartrate, 
methanesulphonate or chloride ions. However, L-~glutamate 
could be replaced by D-glutamate without loss of activity, 
suggesting that a specific interaction is not involved but that 
merely stabilization of the structure occurs, as predicted from 
their relative positions in the lyotropic series. Movement in 
permeabilized (but not intact) axons was completely inhibited 
by vanadate ions at a concentration of 500 pM, although a 
reduction in the number of particles moving in reactivated axons 
was seen at concentrations as low as 5 uM. Vanadate ions in 
this range prevent mitosis’ and ciliary beating® and inhibit the 
activity of a number of ATPases and kinases’. 

The buffer in which reactivation was achieved did not contain 
exogenously added Ca?* and included 10 mM EGTA. An 
increase in the EGTA concentration to 50 mM had no apparent 
effect on reactivation. Although it remains possible that a local 
release of Ca** occurs from the organelles themselves and is 
required for them to move, this seems unlikely considering the 
long duration (up to 2 h) in which movement can continue in 
EGTA. Inclusion of the calmodulin inhibitor trifluoroperazine 
to a concentration of 50uM does not inhibit movement although 
at a concentration of 100 pM movement did appear to decline 
after ~ 15 min. It seems unlikely, due to the delay in the effect, 
that this is a specific inhibition but it may reflect the detergent- 
like activity of the drug as seen in other systems*’. If Ca?* was 
added to produce a concentration estimated to be ~1.5 uM 
(9 mM CaCl, 10 mM EGTA, 15 mM MgCh, pH 7.2) transport 
still continued for longer than 1h. The addition of Ca?* at 
concentrations higher than this is complicated by the presence 
of Ca**-activated proteases in the axon which cause its rapid 
dissolution. However, when the reactivation buffer was supple- 
mented with protease inhibitors (1 mM TLCK, 0.4 uM acetyl- 
L-leucy]-L-leucyl-L-arginal, (leupeptin), 0.5 mM phenylmethy! 
sulphonyl fluoride) movement continued in 0.5 mM Ca?*, in 
the absence of EGTA, for greater than 1 h. Thus this movement 
apparently neither requires Ca** nor is inhibited by high con- 
centrations of Ca?*. 

A major aim in the study of cell motility is the establishment 
of cell-free systems in which movements of interest take place. 
Only in this way can the components required for movement 
be analysed and the mechanism of their action determined. The 
preparation described here is a first controlled step towards a 


cell-free system that exhibits fast axonal transport, allowing 
rapid saltatory movements to occur in axons that have been 
permeated by a defined mixture of ions and small molecules. 
The principal conclusion obtained from this system is that the 
rapid movement of organelles in axons has an absolute require- 
ment for ATP. Furthermore, it seems likely that the hydrolysis 
of ATP is an essential step in the generation of movement,.as 
it is in the contraction of muscle, the beating of cilia and 
cytoplasmic streaming in giant algal cells'*. 

I thank Professor P. F. Baker and Dr D. Bray for much help 
and advice. This work was supported by an MRC studentship. 
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Slow reacting substances (SRS) are potent bronchoconstrictors 
that are thought to be important in the pathophysiology of 
asthma’. Human” and animal” lung fragments release SRS 
when sensitized by IgE antibody and challenged with specific 
antigen. SRS have been shown recently to be a family of 
peptidolipids called leukotrienes (LTC,, LTD, and LTE.) that 
are derived from arachidonic acid™™ and are potent bron- 
choconstrictors in vivo and in vitro™-™. It is not known which 
cell(s) is responsible for releasing SRS but two recent observa- 
tions have directed our attention to alveolar macrophages. First, 
Capron and co-workers demonstrated that serum IgE antibody 
from rats immune to Schistosoma mansoni parasites could 
cause rat peritoneal macrophages to be cytotoxic for schis- 
tosomules in vitro**. This is a result of the interaction of IgE 
with macrophage IgE Fc receptors‘, Similar receptors are also 
present on rat alveolar macrophages’’. Second, Bach and 
Brashler’* established that rat peritoneal macrophages could 
release a mixture of LTC, and LTD, when stimulated by the 
calcium ionophore A23187. We now show that rat alveolar 
macrophages can be activated by calcium iondphore to release 
SRS and, when challenged with IgE antibody and specific 
antigen, release LTC,. 

Male Sprague-Dawley rats were killed in a CO--filled cham- 
ber. Their lungs were lavaged with 150 ml of 0.9% NaCl and 
the recovered cell suspensions were centrifuged at 500g for 
8 min. The cell pellet was washed with 0.9% NaCl, centrifuged 
and resuspended in Hank’s balanced salt solution (HBSS); in 
mM: CaCl, 0.95, KCl 5.3, KH,PO, 0.4, MgCl 149, MgSO, 
0.04, NaCl 136.8, NaHCO, 4.1, Na,HPO, 0.33, glucose 55). 
The macrophages were identified by uptake of neutral red dye 
and total cells were counted in a haemocytometer. Viability 
was assessed by Trypan biue exclusion and the cel] number was 
adjusted to 5 x 10° viable macrophages per ml in HBSS. 
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Cell differentials on Wright~Giemsa-stained cytocentrifuged 
preparations revealed the lung lavages to contain 93.2% 
macrophages, 3.3% lymphocytes, 3.3% neutrophils and 0.14% 
mast-basophiloid cells (data represent the mean of 15 experi- 
ments). 

The ability of rat alveolar macrophages to release SRS was 
tested initially by incubating cell suspensions for 20 min with 
1 pmol of the calcium ionophore A23187, in the presence of 
5x10°*M L-cysteine. In subsequent experiments, cell sus- 
pensions were stimulated with purified mouse monoclonal anti- 
DNP (dinitrophenyl) IgE antibody” (provided by Dr D. H. 
Katz) and DNP-human serum albumin (DNP2,HSA) in the 
following manner: cell suspensions were incubated with anti- 
DNP IgE antibody for 20 min at 37°C, DNP2.HSA was then 
added and incubation continued for a further 20 min. 

Controls consisting of cells alone and cells with antibody 
alone were incubated simultaneously. Following incubation, the 
cell suspensions were centrifuged at 500g and the supernatants 
assayed for SRS on guinea pig ileum in the presence of atropine 
sulphate (3.4 pg ml '), methysergide maleate (0.1 wg ml~') and 
mepyramine maleate (0.34 ug ml”). Positive contractions were 
repeated in the presence of the selective SRS antagonist” 
FPL 55712 (0.1 pg ml-'). As the chemical nature of the SRS 
released by alveolar macrophages was unknown initially, 
we compared quantitatively the magnitude of the contrac- 
tions produced by our supernatants with those produced by 
synthetic (5S, 6R, 7E, 117Z, 14Z )-5-hydroxy-6-[(2R-amino-2- 
carboxyethyl)thio]7,9,11,14-eicosatetraenoic acid’! (LTE,; 
kindly made available by Dr M. Rosenberger, Hoffman- 
LaRoche). LTE, is a constituent of SRS that appears with 
biologically generated LTC, and LTD,.” Thus, our data are 
expressed in molx10~'° of LTE, equivalents per 510° 
alveolar macrophages. 

Figure 1 shows that the non-immunological stimulus A23187 
induced the release of SRS (3+1.1x10°'’ mol of LTE, 
equivalents). Cells incubated in identical conditions without 
A23187 and L-cysteine showed no spontaneous release of SRS. 
Thus, rat alveolar macrophages can release SRS when stimu- 
lated by the calcium ionophore. 
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Fig. 1 A23187-induced release of SRS from alveolar 
macrophages. Rat lung lavages consisting of 93.2% alveolar 
macrophages and only 0.14% mast-basophiloid cells were 
adjusted to 5x 10° viable alveolar macrophages per ml and were 
incubated at 37°C with 5x 1074M L-cysteine for 150s and then 
for 18 min with 1 M A23187. After centrifugation the super- 
natants were assayed for SRS on guinea pig ileum in the presence 
of atropine (3.4 pg mi~'), mepyramine (0.34 pg ml!) and methy- 
sergide (0.1 yg mi’). Positive contractions were repeated in the 
presence of 0.1 wg ml”! FPL $5712 and were inhibited by 80- 
100%. Measured contractions were compared with a synthetic 
LTE, standard, LTE, equivalents are shown on the ordinate in 
molx107'® per 5x 10° alveolar macrophages. The columns 
represent mean values for the experiments performed. The num- 
ber of experiments is shown at the base of the columns, bars 
represent standard errors. 
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Fig. 2 SRS released from rat alveolar macrophages: induction 
by mouse monoclonal anti-DNP IgE and DNP,.HSA. Cells were 
prepared and SRS assayed as described in Fig. 1 legend. Positive 
contractions were inhibited by 100% in the presence of 
0.1 gmi! FPL 55712. LTE, equivalents are shown on the 
ordinate in molx107'° per 5x 10® alveolar macrophages. The 
columns represent the mean values for SRS released, and the bars 
the standard error. The number of experiments is shown at base 
of columns. Alveolar macrophages were incubated with hapten 
affinity-purified anti-DNP IgE antibody (10 yg) for 20 min at 
37°C and for an additional 20 min with DNP2.HSA (100 ng). In 
control experiments, alveolar macrophages were incubated with 
IgE alone. 


Figure 2 shows the pooled results of 11 experiments in which 
cell suspensions were incubated with anti-DNP IgE for 20 min, 
followed by a further 20 min incubation with DNP..HSA. 
Alveolar macrophages also released SRS by this IgE-dependent 
reaction (2.5+0.8 x 107” mol of LTE, equivalents). When cells 
were incubated with antibody alone (Fig. 2), or with antigen 
alone, no SRS was released (data not shown). Thus, immuno- 
logical release of SRS by alveolar macrophages probably 
depends on a combination of specific IgE antibody and antigen. 

Supernatants generated in additional experiments using anti- 
DNP IgE and DNP,.HSA were subjected to chemical analysis 
in order to characterize the nature of the SRS. Pooled super- 
natants were deproteinized by 1:4 dilution with methanol and 
centrifugation, stored at ~70 °C, thawed, concentrated, hydro- 
lysed in 0.1 M NaOH, desalted and then chromatographed on 
a Florisil column with elution in a methanol/water gradient’. 
All biological activity eluted in the same position as synthetic 
LTC, standard (prepared by Dr D. R. Morton, Upjohn) and 
LTC, derived from rat peritoneal macrophages’””’. The single 
peak was concentrated and applied with °H-labelled LTC, 
tracer (NEN) to a reverse-phase HPLC column (10 um 
Nucleosil C-18), eluted isocratically with 65% methanol, 35% 
water and 0.01% acetic acid, pH 5.4. The absorption at 280 nm, 
the biological activity and the radioactivity all co-eluted from 
the column, while a synthetic LTD, standard was clearly resol- 
ved from the elution peak of the radiolabelled LTC, in a 
separate run on the same column. Thus, two different chromato- 
graphic procedures showed that supernatants from alveolar 
macrophages, activated by an IgE-dependent reaction, con- 
tained predominantly LTC,. 

We have thus demonstrated that (1) rat alveolar macrophages 
release SRS when stimulated non-specifically by the calcium 
ionophore A23187 in the presence of L-cysteine, and (2) IgE 
antibody and appropriate antigen cause alveolar macrophages 
to release SRS leukotriene, LTC,. Calcium ionophore has been 
used previously to elicit SRS release from mouse and rat peri- 
toneal mononuclear cells'®*°, human leukocytes’’, rat 
basophilic leukaemia cells”*”°, and mouse mastocytoma cells”. 
However, our results differ from previous studies in two ways. 
First, Orange et al.”°, using a different strain of rat and a different 
concentration of L-cysteine, elicited “very little” SRS from 
alveolar macrophages with A23187. We calculate that the total 
amount produced by IgE-stimulated alveolar macrophages is 
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of the same order of magnitude as produced by ionophore- 
stimulated rat peritoneal macrophages. Second, Bach et al., in 
collaboration with Capron and Joseph, reported that activation 
of rat peritoneal macrophages by IgE-anti-IgE—conditions 
that cause release of lysosomal enzymes*'—failed to elicit SRS 
release”, We have, in fact, confirmed this result: when rat 
peritoneal cells were incubated with anti-DNP IgE and 
DNP.2HSA in conditions identical to those used for our alveolar 
macrophages, they did not release SRS (data not shown). Thus, 
alveolar macrophages may be specialized to perform this func- 
tion. Furthermore, alveolar macrophages release pre- 
dominantly LTC, in an IgE-dependent mechanism whereas rat 
peritoneal macrophages when stimulated with A23187, release 
both LTC, and LTD,”°”'. In our experiments, it is probable 
that alveolar macrophages are the source of SRS because 
alveolar macrophages comprised 93% of the cells in the lung 
lavage, and when lavage cells were first allowed to adhere to 
glass for 1h they were also capable of IgE-dependent release 
of SRS (data not shown). However, we cannot exclude the 
possibility that the minority cells present in our cell suspensions 
(such as mast-basophiloid cells) contributed to the detected 
SRS either directly” or indirectly’. 

The exact mechanism by which IgE antibody and antigen 
effect SRS release remains to be determined. Capron and 
co-workers established that complexes of IgE and schistosome 
antigen were responsible for eliciting cytotoxicity for schisto- 
some larvae in rat periotoneal macrophages” and Dessaint and 
co-workers showed that IgE binding to Fc receptors on these 
cells is of much lower affinity than IgE binding to mast cells*®. 
Thus IgE antibody and antigen may effect SRS release from 
alveolar macrophages through formation of immune complexes 
that activate the cells via these lower-affinity Fc receptors. 
However, it is also possible that a cytophilic mechanism, 
analogous to that which sensitizes mast cells and basophils for 
IgE-dependent release of histamine, is responsible, as ‘direct’ 
cytophilic antibodies with high affinity for murine macrophage 
Fc receptors do exist—but they may be specific for IgG2a”. 
Our preliminary experiments indicate that both mechanisms 
may be involved because washing the cells after incubation with 
IgE and before addition of antigen reduces, but does not elimi- 
nate, SRS release. Further experiments are being conducted to 
investigate this issue further. 

The relevance of our findings to allergic lung disease mechan- 
isms remains to be determined. It is clear that many important 
mediators are released by mast cell-dependent pathways’ and 
there is recent evidence that pulmonary mast cells may be an 
important source of SRS in humans”. However, it has also 
been demonstrated recently that human alveolar macrophages 
can release lysosomal enzymes and superoxide anion after 
incubation with IgE and anti-IgE antibody, or with serum from 
allergic patients and the appropriate allergen*°. Merrill and 
co-workers have examined the immunoglobulins present in the 
lung lining fluid of the lower respiratory tracts of normal 
individuals, and found that although IgG and IgA were the 
predominant immunoglobulins present, IgE was present in 
detectable quantities in ~80% of the 43 people tested®’. Similar 
studies on asthmatic individuals have not been reported, but 
IgE levels are increased in the nasal secretions of patients with 
allergic rhinitis?’ and probably result from local production“. 
As the mucosa of the nose and lower respiratory passages are 
in many ways similar, it is reasonable to hypothesize that 
IgE-antigen-macrophage interactions occur on the air-surface 
interface of the lung. Our demonstration that rat alveolar 
macrophages release SRS by an IgE-dependent mechanism 
raises the possibility that IgE-dependent release of mediators 
by alveolar macrophages may have a role in asthma or other 
immunologically mediated lung diseases. 

This work was supported in part by NIH grants AJ-12211, 
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A 41-residue peptide with high potency and intrinsic activity to 
stimulate the secretion of corticotropin and 8-endorphin by the 
adenohypophysis has been characterized and synthesized*???, 
From experience with other hypophysiotropic and brain pep- 
tides’*, and studies suggesting that CRF could act centrally to 
activate the sympathetic nervous system (M. Brown ef al., in 
preparation), we considered it likely that this corticotropin/B- 
endorphin releasing factor (CRF) would have direct 
behavioural actions. We decided to investigate the effects of 
CRF on a simple measure of activation in the rat, locomotor 
activity in photocell cages. We report here that centrally injec- 
ted synthetic CRF produces a dose-dependent locomotor acti- 
vation in rats. This increase in activity was not produced by 
peripheral administration of CRF. In an open field test, rats 
receiving centrally injected CRF exhibited behaviour consistent 
with an increase in emotionality. These results suggest that CRF 
may have an activating action in the central nervous system 
independent of its effects on the anterior pituitary gland. 
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Table 1 Effects of CRF (i.c.v.) on behaviour of rats in open field 
tt LR 
Crossings” Crossings Rearing” Rearing Rearing Grooming 
inner outer free wall duration (s) duration 
Saline 7.943.0 96.4+7.6 4.9+1.4 33.343.7 44.0+4.7 29.4+6.6 
CRF (0.0015 nmol) 14.624.67 90.1+10.4 9443.3 34.9+3.7 42.1+4.1 38.1+14.2 
CRF (0.015 nmol) 5.11.3 92.3+13.4 2.3+0.6 24.4+3.6 37.8+8.1 30.6+8.9 
CRF (0.15 nmol) 1.9+0.6 29.1+7.5% 0.0+ 0.04 4.3+1.54 7.12.34} 90.9+ 18.4} 


S a tte tt Ct A CN 
* Fy, P<0.05: raw data square root transformed for ANOVA: a posteriori tests were only made after obtaining significant differences using 
ANOVA. t Significantly different from CRF 0.15 nmol group, Newman-Keuls test P< 0.05. ¢Significantly different from saline group, Newman- 


Keuls test P< 0.05. 


In the initial experiments the subjects were male albino 
Wistar rats (200-230 g at the time of injection) which were 
group housed and maintained in a temperature- and light- 
controlled environment. For the intracerebroventricular (i.c.v.) 
injections, rats were equipped with a cannula aimed above the 
lateral ventricle. For this surgery, the animals were anaesthet- 
ized with Chloropent (Fort Dodge Laboratories) and secured in 
a Kopf stereotaxic instrument with guinea pig ear bars. A 7-mm 
long, 23-gauge stainless steel guide cannula was lowered within 
1 mm of the ventricle and anchored in place with two stainless 
steel screws and dental cement. With the tooth bar 5 mm above 
interaural zero, coordinates were ~0.6 mm posterior to bregma, 
+?.0 mm lateral and ~3.2 mm below the skull surface at the 
point of entry. For an injection, the dummy stylet was removed 
and an 8-mm 30-gauge stainless steel cannula with 1 m of Tygon 
microbore tubing (Norton Plastics and Synthetics) was inserted 
through the guide. 

CRF, synthesized by the solid phase method on a paramethyl- 
benzylhydryl amine resin using previously described tech- 
niques’, was purified by HPLC after cleavage and deprotection 
by HF. The isolated material was shown to be highly purified 
(>98%) when tested by homogeneity in several reverse phase 
HPLC systems including analysis of a tryptic object. As reported 
earlier, such closely related analogues of CRF as des-Ala”’- 
CRF, [Met(O)*']-CRF, des-Ileu*’, Alat -CRF and CRF-OH 
could be separated in th2 chromatographic conditions 
developed in our laboratory (ref.1 and J.R. et al., in prepar- 
ation). One hour before injections, the peptide was dissolved in 
0.9% saline and kept on ice; 2 wl of peptide were injected by 
gravity over a 30-s period simply by raising the tubing above 
the head of the rat until flow began. Volume was measured by 
marks on the PEID tubing previously calibrated with a 10-yl 
Hamilton syringe. Only those rats whose cannulae flowed easily 
with this technique were used in the experiment. The lateral 
ventricle cannula placements were verified by injecting 2 wl of 
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Fig. 1 Locomotor response after i.c.v. infusions of 0.1, 1 and 
10 ug corresponding to 0.015, 0.15 and 1.5 nmol of CRF, respec- 
tively. Ordinate refers to total photocell counts for each 10-min 
period of a 3-h test.* Significantly different from saline, and from 
each other. P<0.05, Neuman-Keuls test following analysis of 
variance, Mean total counts for 180 min represent average +s.¢.m. 


toludine blue dye into the ventricle and immediately killing the 
rat by decapitation. Of 35 rats tested in this way, all showed 
spread of the dye throughout the ventricular system. For sub- 
cutaneous CRF injections, each rat received the peptide dissol- 
ved in 1 ml per kg body weight saline in the neck. , 

Locomotor activity was measured in a 4x4 bank of 16 wire 
cages 20x25x36cm each with two horizontal IR photocell 
beams across the long axis 2 cm above the floor. Noncumulative 
photocell beam interruptions were recorded every 10 min from 
electromechanical counters located in an adjacent room. Each 
rat was habituated first overnight and then for 2 h 1 day before 
peptide injections. On a test day, rats were habituated for 
90 min just before peptide injections, which were given at 
10a.m. Results were analysed with a two-factor analysis of 
variance (ANOVA), with peptide or saline groups being the 
independent factor and time the repeated measure. If ANOVA 
revealed a significant (P<0.05) group effect, comparisons of 
individual means were made using the Newman-Keuls a pos- 
feriori test. 

Open field testing took place in a large open field’ measuring 
115x115x46cm tall and divided by thin white lines into 
23 x 23cm squares. In the open field, the light intensity was 
~ 150 ft-candles and the white noise level was 70 dB. The open 
field was enclosed by sheets of one-way viewing sunscreen. 
Naive rats were tested in a 5-min session by placing the rat in 
the centre of the open field. The following behavioural measures 
were taken by two blind observers: rearing—inner and outer 
squares; locomotion—inner and outer squares, time rearing, 
time grooming and number of grooming bouts. Here, the rats 
were injected with 0.0015, 0.015 and 0.15 nmol of CRF 1h 
before testing. 7 

CRF injected i.c.v. produced a dose-dependent increase in 
activity as measured by photocell interruptions (Fig. 1). This 
increase in activity was significant at the 0.15 and 1.5 nmol 
doses. Rats injected with saline habituated rapidly, showing low 
photocell counts after 1 h, but rats given 1.5 nmol CRF had high 
counts for over 5h post-injection (data not shown). Repeated 
i.c.v injections of CRF over several days did not modify this 
increase in behavioural activity. Following injections, rats in the 
photocell cages were observed through a one-way mirror. In 
addition to normal locomotion and sniffing, the rats injected 
with 0.15 and 1.5nmol CRF exhibited a unique set of 
behaviours which seemed to reflect a general behavioural acti- 
vation. These included elevated walking, grooming and rearing. 
The elevated walking was characterized by rhythmically walking 
forwards and backwards such that only the toes of the rat 
touched the cage. The rats frequently climbed up and down the 
two mesh sides of the photocell cages, and they also engaged in 
other repetitive locomotion such as moving forwards and back- 
wards in a straight line with their head along the ground and 
sniffing vigorously. While rearing, rats pawed rapidly against the 
sides of the cages. When returned to their home cages, the rats 
exhibited an increase in mounting behaviour and aggressivity. 

Although other peptides, such as endorphins and ACTH, 
have been shown to produce increases in behavioural 
activity '', the time course and nature of the response observed 
with CRF differed dramatically from the responses observed 
with endorphins. Opioid peptide activation following i.c.v. 
injection consists of an initial depressant phase which varies in 
duration with the dose and of a staring behaviour that 
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approaches a catatonic-like state at higher doses. CRF did not 
produce these responses, nor the bursts of locomotor activity 
interrupted by scratching and grooming behaviour observed 
with opioid peptides", nor the well-documented ‘stretching— 
yawning syndrome’ (SYS) observed after i.c.v. injection of 
ACTH and ACTH-like peptides®”’”. In contrast, the activation 
produced by CRF at the lower doses appeared to be an exagger- 
ation of normal activation produced by introduction into a 
familiar environment. At the highest dose, the behaviour was 
characterized by the more bizarre elevated walking and rhyth- 
mic walking forwards and backwards. 

Results in the open field test indicate that rats receiving CRF 
i.c.v. in a novel environment respond in such a way as to be 
consistent with an increased emotionality or increased sensitiv- 
ity to the stressful aspects of the situation. Here, the rats at the 
0.15 nmol dose of CRF showed decreases in locomotion and 
rearing, but increases in freezing behaviour. These behavioural 
responses are characteristic of an increase in emotional reac- 
tivity (Table 1). Typically, a rat injected with 0.15 nmol CRF 
and placed 1h later in the open field moved hesitantly to the 
Outer squares of the open field. The animal then either slowly 
circled the open field, remaining close to the floor and wall with 
virtually no rearing, or remained in one of the corners grooming 
or moving forwards and backwards. In contrast, control animals 
injected with saline rapidly circled the open field initially with 
a substantial amount of rearing and later in the 5-min period 
made forays into the inner squares with some free rearing. 
Interestingly, at the lowest dose of CRF, 0.0015 nmol, there 
were some increases in rearing and locomotion (Table 1) that 
would be considered more consistent with the activation obser- 
ved in the photocell cages described above. 

Subcutaneous injections of identical doses of CRF failed to 
produce significant effects in the open field test, although the 
highest dose produced some trends in the same direction, These 
trends were not statistically significant by ANOVA, nor are 
these results of similar magnitude to those observed by central 
injections. For example, the largest effect of the peripheral 
injection was a 46% decrease in wall rearings in the open field 
at the 0.15 nmol per rat dose compared with an 87% decrease 
following central injection (ANOVA P> 0. 10). Also, there was 
a complete blockade of the free rearing with the 0.15 nmol dose 
injected i.c.v. but only a 37%, not statistically significant, change 
following the same dose injected subcutaneously. Thus, these 
preliminary results suggest a relatively minor contribution of the 
systemic actions of the peptide for the open field effects. In 
addition, subcutaneous injections of 0.015, 0.15, 1.5 and 
7.5nmol of CRF failed to increase locomotor activity 
significantly in the photocell cages (data not shown). These 
results together suggest that CRF is acting centrally to produce 
its behavioural activation, as these systemic doses are capable 
of producing significant elevations of plasma ACTH and p- 
endorphin. 

Although these results suggest that CRF can act centrally to 
produce a dose-dependent behavioural activation, physiologi- 
cally CRF might act in concert with ACT H, -endorphin or 
glucocorticoids to bring about some behavioural responses to 
circumstances such as stress. CRF, however, is structurally 
specific in its behavioural effects, as the C-terminal free carboxy! 
analogue, which is inactive in vitro', did not augment locomotor 
activity to the extent observed with CRF itself. Based on 
maximal response, this analogue was ;dscth as potent as CRF in 
increasing locomotor activity. Sauvagine, a non-mammalian 
polypeptide with striking homology with CRF” and similar in 
vitro activity, was equipotent in increasing locomotor activity. 

Thus, in a familiar environment (photocell cages) CRF pro- 
duces a behavioural activation as reflected by a prolonged 
ncrease in locomotor activity where similarly treated, saline- 
njected animals rapidly habituate and go to sleep. However, in 
i novel stressful environment (open field test), similar doses 
woduce decreases in behaviour such as rearing and inner square 
rossings that are consistent with an increase in the stress of the 

iituation. How these effects described above extend to other less 
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stressful situations involving such theoretical constructs as 
learning and attention remains to be determined. 

The present results thus provide evidence that CRF may have 
neurotropic action independent of the hypophyseal system. 
These observations, in conjunction with the well documented 
involvement of B-endorphin and corticotropin in stress’*'®, 
Suggest a possible role of central CRF in similar adaptive 
mechanisms. 
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The u and ô opiate receptors, postulated on the basis of phar- 
macological observations, have been well characterized in 
ligand-binding studies’. The several classes of opiate receptor 
appear to subserve different functions’’. Although highly 
specific y ligands are available, there has been a paucity of 
high-affinity ligands with 5 specificity that could be used to 
investigate the functions, properties and spatial distribution of 
the 6 receptor. Previous structure—activity studies of the 
enkephalins have suggested that a free carboxyl group at the 
C-terminus is an important determinant of 6 selectivity™?®: 
amidation of Leu* or Met* results in a non-selective ligand. 
Recently, however, we have demonstrated that cross-linking 
enkephalin amides by a methylene bridge of suitable length 
produces a dimeric pentapeptide, with greater affinity and selec- 
tivity for the ô receptor than is found in the original 6 ligand", 
Evidence that this dimer may interact simultaneously with two 
ô, but not two yw receptors’ is consistent with independent 
demonstrations that the 5 receptors are clustered in the mem- 
brane’’*, When the C-terminal amino acid of enkephalin is 
removed, the resulting tetrapeptide enkephalin amide H-T yr- 
D-Ala-Gly-Phe-NH, and its analogues are potent and selective 


334 





ligands for u opiate sites'*’*. If the 5 receptors were closely 
clustered, as suggested by our findings with dimeric enkephalin 
pentapeptides"'* and by others’”’, then it might be possible 
to form a dimeric analogue of the tetrapeptide enkephalin which 
could interact with two 6 receptors but not with two u recep- 
tors. Theoretically, this would confer ô selectivity on the dimer 
of a u -selective ligand. We have thus synthesized a series of 
dimeric analogues of the u -selective tetrapeptide [D-Ala’, des- 
Leu*}enkephalin amide by cross-linking at the C-terminus with 
NH.,-(CH,), -NH2, with n = 2-12. We report here that the dimer 
with 2 = 12 has a nearly 1,000-fold increase in 5/ selectivity 
ratio, and is thus a 6-selective ligand. 

A series of dimeric tetrapeptide enkephalins have been 
synthesized by a two-step coupling procedure: cross-linking 
of Boc-Phe-OH with NH.-(CH)),-NH2 (where n =2~-12), 
followed by elongation with Boc-Tyr-D-Ala-Gly-OH. Purity 
was confirmed by mass spectrometry, amino acid analysis 
and TLC. [p-Ala’, D-Leu*]enkephalin (DADLE), [D-Ser’, 
Leu*Jenkephalyl-Thr (DSLET) and monomeric tetrapeptide 
[p-Ala*, des-Leu®]enkephalin amide (DAPEA) were pur- 
chased from Peninsula Laboratories (San Carlos, California). 
All peptides were evaluated for their activity in two different 
radioligand assay systems, using either “H-DADLE (40 Ci 
mmol”: 0.10 nM) and membranes from neuroblastoma~glioma 
hybrid (NG108-15) cells*’°, or *H-naloxone (H-NAL, 50.2 
Ci mmol™': 0.15 nM) in rat brain membrane preparations . 

In the ‘6 receptor’ assay, the removal of the C-terminal amino 
acid residue from the pentapeptides [D-Ala’, Leu” Jenkephalin 
amide (DALEA) and DADLE, giving the tetrapeptide [D-Ala’, 
des-Leu’Jenkephalin amide (DAPEA), caused a substantial loss 
of & activity (Table 1). When “H-DADLE was used as the 
labelled ligand in the assay, DAPEA was approximately 30-fold 
less potent than DALEA and DADLE. In contrast, the dimeric 
tetrapeptide enkephalins (DTE,,) were very active for the 6 


Affinity for 6 receptor 


K; (M"'): 7H-DADLE, NG108-15 cells 





Affinity for u receptor 
K, (M~'): 7H-naloxone, whole brain 


Fig. 1 Two-dimensional display of affinities of enkephalin pep- 
tides in a w-specific radioligand assay (K,,, abscissa), and in the 
8-specific radioligand assay (Ks, ordinate). Non-selective ligands 
would fall in the region along the main diagonal, u-selective 
ligands below and to the right, and 6-selective ligands above and 
to the left. Compare (1) DADLE, the 6 prototype; (2) DALEA, 
the amidated pentapeptide enkephalin; (3) DAPEA, the amide 
of the tetrapeptide [p-Ala’, des-Leu’ enkephalin; (4) DTE,2, the 
dimer of DAPEA, connected by a methylene bridge with n = 12; 
and (5) DSLET, the best -selective ligand previously reported. 
Fine diagonal lines correspond to 10-fold changes in the 6/4 SR. 
All affinities were calculated using the formula: K,/K2= 
(ICso}2/(ICso)1, which is valid in the present experimental condi- 
tions with low per cent binding of labelled ligand’’, The calcula- 
tions used the following data, obtained in similar conditions: in 
the ô activity assay, DADLE shows K =1.03x10° M` (N= 
4expts) and an ICsp=1.15+0.07nM (N =4); in the u assay, 
naloxone displays K =6.6+1.8x10°M™'(N=6) and ICso= 
1.56+0.15 nM (N = 3). 
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receptors with ICs, values of 1-4 nM. In particular, DTE,o and 
DTE,, (with cross-linking methylene chains of n = 10 and 12 
respectively) were 30-fold more potent than the DAPEA 
monomer, and were as active as DADLE and DALEA, and 
more active than [D-Ser’, Leu’ ]enkephalyl-Thr (DSLET). 

In the ‘u receptor’ assay, when “H-NAL was used as labelled 
ligand, DAPEA monomer retained high affinity, was only three- 
fold less potent than DALEA, and was twice as potent as 
DADLE and 10-fold more potent than DSLET. Dimers with 
n=2-8 (DTE,-DTE,) showed higher potencies than the 
monomer DAPEA, and had ICs values of 1.8-2.7 nM. DTE;o 
was slightly less active than DAPEA. Surprisingly, the dimer 
of tetrapeptide enkephalins with n =12 (DTE,2) showed an 
extremely low affinity for u receptors: approximately 28-, 12- 
and 80-fold lower affinity than DAPEA, DADLE and DALEA 
respectively. 

We may define the 6/ selectivity ratio (SR) as the ratio of 
the ICso using *H-NAL and whole brain divided by the ICso 
obtained using °=H-DADLE and NG108-15 cells (Table 1). A 
completely non-selective compound with the same potency in 
both assays should have a ratio of unity’. For example, DALEA 
shows a SR of 0.97, and thus serves as a non-selective ligand. 
The tetrapeptide DAPEA shows a SR of 0.1, corresponding 
to its 10-fold preference for u receptors, while DADLE (SR = 
7.2) and DSLET (SR = 20) are 6-selective peptides. Dimers 
DTE, and DTE, are non-selective (SR~ 1), while DTE. and 
DTE, slightly favour the u and 6 receptor sites respectively. 
The dimer DTE,o, with a longer cross-linking methylene chain, 
favours 8 receptors (SR=4.7). The dimeric tetrapeptide 
enkephalin DTE,, shows an extraordinary selectivity for 6 
receptors: its SR of 91 is approximately 13 times that of 
DADLE and 4.5 times that of DSLET, which has been regarded 
as the most 6-selective ligand available to date. The DTE.: 
dimer shows a 30-fold greater affinity for the 6 receptor and a 
30-fold weaker affinity for the u receptor, relative to the 
monomer DAPEA. 

The inter-relationships among the various ligands are illus- 
trated in Fig. 1. The abscissa indicates the equilibrium constant 
of association (affinity constant K,,) estimated using the x- 
specific radioligand assay. The ordinate shows the affinity (Ka) 
in the 8-specific,radioligand assay. The line of identity corre- 
sponds to a 5/u non-selective ligand. The region below the 
line of identity corresponds to a u -selective ligand, that above 
the line to 6-selectivity. Lines corresponding to 10-fold changes 
in SR are shown. DADLE (point number 1) is the progenitor 
of the 6-specific ligand, with a K, of ~10° but a K, of 10°. 
Amidation of [D-Ala’, Leu°Jenkephalin, forming DALEA 
(point 2), results in loss of selectivity. The amide of the tetrapep- 
tide (DAPEA, point 3) shows ~10-fold selectivity for the u 
receptor, consistent with previous reports'*'°. However, the 
dimer of this tetrapeptide with a methylene bridge of n = 12 
(DTE,2, point 4) shows a dramatic increase in 6 selectivity 
(K; = 10°, K, = 10”). Its affinity and selectivity surpass those of 
DSLET (point 5). 

The present results for DADLE and DSLET are consistent 
with those derived from in vitro muscle bioassays. Gacel et al."* 
reported that DSLET was seven times more selective than 
DADLE when evaluated in terms of its inhibitory potencies 
on the electrically stimulated mouse vas deferens and guinea 
pig ileum (corresponding to ô and u bioassays respectively). 

The present findings (Table 1, Fig. 1) are consistent with the 
hypothesis that the dimers of the tetrapeptide can serve 
as bivalent ligands, binding simultaneously to two distinct but 
closely clustered ô receptors, but failing to bridge two u recep- 
tors, and complement those for the dimers of the pentapep- 
tide leucine enkephalins, (H-Tyr-D-Ala-~Gly-Phe-Leu-NH-), 
(-CH;-),. If the C-terminal leucine residue were approximately 
as long as a methylene chain with n = 3, then chain lengths of 
n=2-6 for the dimeric pentapeptides would correspond to 
n = 8-12 for the dimeric tetrapeptides. Thus it is not surprising 
that the most selective and potent tetrapeptide has the longest 
methylene bridge, whereas the most potent pentapeptide has 


een matte E ane 


Nature Vol. 297 27 May 1982 . i 335 


Table 1 Receptor binding activities of enkephalin analogues 
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ICso (nM) 
ô Activity u Activity 5/ u Selectivity ratio 
Enkephalins CGH-DADLE) CH-NAL) (ICs0),./ICso)s 
Monomer 
DAPEA: H-Tyr-p-Ala-Gly-Phe-NH, 33.2 3.48 0.10 
DALEA: H-Tyr-D-Ala-Gly-Phe-Leu-NHa 1,24 1.20 0.97 
DADLE: H-Tyr-p-Ala-Gly-Phe-pb-Leu-OH 1.15 8.22 7.2 
DSLET: H-Tyr-p-Ser-Gly-Phe-Leu-Thr-OH 1.85 37.9 20 
Dimers; DTE,, 
DTE, 1.68 1.81 1.1 
DTE, 2,87 2.79 0.97 
H-Tyr-p-Ala-Gly-Phe-NH 
DTE; | 3.67 2.28 0.62 
| (CH2), 
DTEs | 1,46 2.66 1.8 
H-Tyr-p-Ala-Gly-Phe-NH 
DTE 1.04 4.84 4.7 
DTE; 1.06 96.3 91 





~ Results are expressed as the ICso for each compound in an assay for 6 activity using “H-DADLE (0.10 nM) and NG108-15 cell membranes 
according to Chang et al.”’'®, and in an assay for u activity using “H-naloxone (0.15 nM) and membranes prepared from whole brain'’. Specific 
binding was measured as the difference between total binding and that in the presence of 10°° M DADLE or 107° M naloxone. Competition 
curves were analysed by computerized non-linear least-squares estimation of the logistic curves, to obtain an estimate of the ICsq with its standard 





ô assay. 


the shortest methylene bridge (n = 2): the observations for both 
series of dimers are consistent with very close spacing of 6 
receptors. 

To establish that the special properties of the dimer is due 
to its bivalency, we are currently synthesizing alkylamidated 
derivatives of the enkephalin monomers and ‘handicapped 
dimers’ with mono-N-acetylation of one of the tyrosines in 

both the tetra- and pentapeptide series. Studies of these new 
compounds should help to exclude alternative hypotheses to 
the cross-linking mechanism. Presumably, the lack of increased 
affinity of DTE, or DPE, for the u receptor is due to a different 
spatial pattern of u receptors in the membrane. This rationale 
has provided a basis for the design and synthesis of what appear 
to be superior probes of the 6 receptor. A similar strategy 
should be useful in designing ligands with improved affinity and 
selectivity for a wide variety of other receptor systems for drugs, 
hormones and neurotransmitters. 

We thank Drs H. Fales and R. D. Macfarlane for mass 
spectrometry of peptides, and Dr S. Matsuura and P. J. Munson 
for many helpful discussions. Drs K. J. Catt and S. Krumins 
provided constructive reviews of the manuscript, and G. M. 
Thornton provided secretarial assistance. 
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ICso values showed a within-experiment coefficient of variation (c.v.) of 6%, and a between-experiment c.v. of 14% for the & activity 
th values of 14 and 16% respectively in the u activity assay. The 5/« selectivity ratio is defined as the ICso in the u assay divided by 
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It is now well established that the hormones corticotropin 
(ACTH) and £-lipotropin (8-LPH) are contained within a 
common precursor peptide called proopiomelanocortin 
(POMC), which is synthesized in the anterior and/or intermedi- 
ate lobes of the pituitary’ and in the hypothalamus“. The 
recent cloning of a ‘full-size’ cDNA copy of bovine POMC 
mRNA has revealed the presence of additional peptides in the 
previously ‘cryptic’ segment of the precursor protein’. This 
cDNA has been used as a hybridization probe for the isolation 
and characterization of a bovine genomic DNA segment encod- 
ing the complete POMC mRNA’, and for isolation of part of 
the corresponding human genomic DNA sequence’. DNA 
sequence analysis of these isolates and of part of the rat POMC 
gene’ has shown that, in the species studied, certain segments 
of the POMC structural gene have been conserved during 
evolution, whereas the nucleotide sequences of other segments 
have diverged sharply. We have now isolated and characterized 
a 11.6-kilobase (kb) human genomic DNA fragment that 
encodes the complete POMC mRNA and putative regulatory 
sequences proximate to the gene (which is repressed by 
glucocorticoids in vivo’). We have also analysed the 800-base 
pair (bp) segment preceding the mRNA coding sequence, 
within which—at a position nearly 480 bp upstream from the 
mRNA start site—is a 21-bp segment that shares homology 
with a DNA sequence beginning 370 bp upstream from two 
other glucocorticoid-controlled genes. We speculate that these 
sequences may be involved in the regulation of POMC gene 
expression by glucocorticoids. 


* Present address: Unité de Biologie Moléculaire du Gène, Institut Pasteur, 28, Rue du Docteur 
Roux, Paris 75724, France. 
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Using probes made by nick-translation of segments of a 
previously characterized human POMC genomic DNA frag- 
ment (Fig. 1, probes a and b) °°, we screened a human fetal 
DNA library (a gift of T. Maniatis) by in situ hybridization in 
standard conditions (Fig. 1 legend). Two bacteriophage A 
plaques that reacted with probe a also hybridized with probe 
b, which only contains sequences corresponding to the 5’ end 


A a 
or 
E BNP 
P BN BN BN BN | BN 
200 bp BN BN 
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BN = = BstNi HHE = Hinati 
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Fig. 1A, partial restriction endonuclease map of the bovine POMC cDNA 
insert of pSNAC20 (ref. 5). The broken lines represent pBR322 DNA 
sequences. The serrated lines represent the 27- and 112-nucleotide 
poly(dG)-poly(dC) tracts lying at junctions between the plasmid vector and 
the cloned cDNA. The §' and 3’ termini of double-stranded cDNA are 
designated according to the corresponding ends of bovine POMC mRNA. 
b and c indicate the probes used for the hybridization studies described in 
the text and were prepared as follows. An Avail endonuclease-generated 
fragment of the pSNAC20 plasmid, containing 248 bp of the 5° end from 
the bovine cDNA insert plus 119 bp of pBR322 sequences, was inserted 
into the Hincll cleavage site of pACYC177 by blunt end ligation after 
filling-in of the ends by DNA polymerase. The resulting plasmid 
(pACYC654) was digested by the PstI restriction endonuclease, generating 
two fragments, one of which contains the 5’ end of the bovine cDNA. This 
fragment (530 bp) was then purified by sucrose gradient centrifugation, and 
used as probe b. Probe b was also digested by BstNI endonuclease, giving 
three fragments, and the resulting 134-bp fragment (which contained most 
of the sequences corresponding to the 5’-untranslated region of bovine 
POMC mRNA) was purified by electrophoresis, yielding the c probe, The 
open bar below the POMC cDNA corresponds to the POMC peptide: the 
initiation and termination codons are in brackets. B, partial. mapping of 
the structural gene encoding human POMC mRNA and strategy of sequenc- 
ing. The human fetal DNA library used was constructed by inserting DNA 
fragments from a partial EcoRI endonuclease digest into a bacteriophage 
A charon 4A vector®’. It was screened by in situ hybridization®' using the 
nick-translated’’'’ a probe. This probe corresponds to an Aval—Hincll 
fragment of a human genomic DNA segment previously cloned in the 
pACYC401 plasmid’ and contains sequences encoding the ACTH-8LPH 
region of POMC. The partial restriction enzyme cleavage map correspond- 
ing to the genomic DNA contained in H-POMC ASA (one of the two 
identical clones we obtained) was deduced by analysis of DNA samples 
singly or doubly digested with restriction endonucleases. The black thick 
bars and the numbers below them designate DNA sequences corresponding 
to POMC mRNA (exons), Their positions were determined by hybridiz- 
ation, with the nick-translated probes a, b or c, of endonuclease-treated 
DNA digests transferred onto nitrocellulose filters** or aminothiophenol 
paper (see Fig. 3 legend). Hybridization conditions with probes a and b 
have been described previously’; conditions used with probe c are described 
in Fig. 3 legend. For convenience, DNA fragments were identified by the 
abbreviated names of the endonuclease cleavage sites that bracket them, 
followed by a number designation according to the direction of transcription 
ifor example, E2~E3 is the DNA fragment terminated at the F end by 
EcoRI cleavage site number 2 and at the 3’ end by EcoRI site number 3). 
The DNA fragments carrying exons I and 2 are enlarged in the diagram 
and the strategy of sequencing is shown. The arrows designate the segments 
sequenced; the tails indicate the sites of P end-labelling of the fragments. 
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of bovine POMC mRNA. Analysis of the DNA from these 
clones by restriction endonuclease digestion and electrophoresis 
on agarose gels indicated that both included EcoRI fragments 
11.6 and 4.7 kb long. 

DNA from one of these clones (H-POMC A5A) was analysed 
further by electrophoresis of products resulting from single or 
double digestion with restriction endonucleases (Fig. 1B). Only 
the E2-E3 segment of the 11.6-kb fragment hybridized to both 
probes; DNA fragments B3-E3 and P6-E3 hybridized only to 
probe a, which includes all of the protein-coding sequences for 
ACTH and 8-LPH, whereas DNA fragments B2-B3 and P5- 
P6 hybridized only to probe b. These findings suggested that 
at least a proportion of the sequences encoding the amino- 
terminal end of the precursor peptide’ is contained in fragment 
B2-B3, and permitted the endonuclease cleavage sites of the 
genomic DNA fragment to be oriented with respect to transcrip- 
tion (see Fig. 1). 

Finer mapping of the B2~B3 fragment following subcloning 
using the vector pBR322 indicated that sequences homologous 
to probe b are localized to the region surrounding the P5 site 
(data not shown). The DNA sequence for this region (Fig. 2) 
was determined according to the strategy shown in Fig. 1B. A 
high degree of homology was observed for 152 bp (nucleotides 
+88 to +239) in the region designated as exon 2 in Fig. 2, 
which is contiguous with a previously identified region of inter- 
species conservation that begins near the 5’ end of exon 3. The 
conserved region is delineated by intron-exon junction con- 
sensus sequences'', which include G-T at the 5’ end and A-G 
at the 3’ end of the intron. Exon 2 contains the AUG transla- 
tional start codon for the POMC peptide, the conserved down- 
stream codons specifying the hydrophobic leader sequences of 
human and bovine POMC, and only a short (20 bp) segment 
of the untranslated region of POMC mRNA. Thus, the remain- 
der of the untranslated region was either not present on the 
11.6-kb fragment, or alternatively, the lack of detectable 
hybridization of probe b with any other segment of this fragment 
might be explained by evolutionary divergence in the sequences 
of the two mammalian genes. 

As human POMC mRNA was not readily available, we 
re-probed the 11.6-kb fragment with the 5’ end of bovine DNA, 
using less stringent hybridization conditions that might allow 
identification of regions of incomplete homology. Fragments 
of H-POMC ASA DNA generated by EcoRI and BamHI 
endonucleases were subcloned, transferred to aminothiophenol 
paper (B. Seed, personal communication) after electrophoresis 
in gels, and hybridized at various temperatures between 45 and 
65°C with probe c, which contains 107 bp of the extreme 5’ 
end of bovine POMC cDNA (15 bp of which are included in 
exon 2). At 56°C, the temperature that gave the best signal 
over background, a positive signal was obtained only with the 
genomic DNA fragment containing exon 2 (Fig. 3, lane 3) and 
with the E2-B1 fragment (lane 2). More detailed analysis of 
fragment E2-B1 (Fig. 36) localized the homologous sequence 
to a 160-bp Aval endonuclease-generated fragment near the 
BamHI terminus of the E2-B1 fragment (Fig. 34, lanes 3, 4). 
The DNA sequence of this fragment and the surrounding 
regions between the Rsal and BamHI sites was determined 
according to the strategy shown in Fig. 1B. 

Alignment of the nucleotide sequence (Fig. 2) with the pub- 
lished sequence for bovine POMC genomic DNAY (starting at 
position —181) allows assignment of a putative start site for the 
human mRNA (+1). The dinucleotide G-T is found 87 bp 
downstream from this start site at the end of a region that | 
contains three segments showing >80% homology with the 
corresponding bovine sequences (positions +9 to +28, +43 to 
+63 and +71 to +87). We conclude therefore that this region 
may contain the first mRNA-coding segment (that is, exon 1) 
of the human gene, despite its different length from the corres- 
ponding bovine segment (87 instead of 108 bp). A ‘TATA’ box 
characteristic of an RNA polymerase II (or B) promoter site** 
and a ‘CAAT’ box" are found 28 and 63 bp respectively 
upstream from the putative start site of the POMC mRNA at 
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Fig.2 Nucleotide sequence of the 
human POMC genomic DNA 
strand corresponding to POMC 
mRNA. Digests of DNA frag- 
ments E2-B1 and B2—B3, which 
chad been subcloned using the 
>c pBR322 plasmid vector, were 
digested with Aval, Avali, 
BamHI or Hinfl endonucleases 
and treated with polynucleotide 
kinase”. The nucleotide sequence 
was then determined”? by follow- 
ing the strategy of Fig. 1B. The 
sequence of the strand that corres- 
ponds to mRNA iş shown. 
Differences in nucleotides and 
amino acids in the bovine versus 
human sequences are indicated 
below the human DNA sequence. 
Broken lines represent nucleotides 
absent from the genomic DNA 
sequence. Position +1 indicates 
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GACCACCCTGCCAGCTCATGGCAAAGGGAGGGATCAGAGGCCACAGGGAAAGCATTCAGCTGCTCTICACAGCATCACCCTCTCCOCTTTAATSGTTTAG 


-500 


i i 
GTTAACAGGACTTTTTCCTIGAGGCTTGGGACACGGAAGGGAGCCTCCCCTAAACCAGGCCCTTGGAGAGCAGGCECCAGGGGAGCAGTGCAACTCACET 


Pane 
i ; 
GAGAGARK TATGATTCCCCACG ACTTCCACATCACAGTIT ICES 


A 
RGH MAON y 
EENES ie aes e 7 a 


MMTV-LTR ATTA SE AERA nN anc 
-400 


CATGGS 


i t ' i t 
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the putative start site of human —cececCCACCAGGAGAG~-CTCG-GCAAGTATATAMOGACAGAGGAGCGC----GGGACCAAG-CGGCU-------- GEGAAGGAGGOGAAGAAGAG ICCG 
POMC mRNA based on known A C2666. Ce A GC A GAGT - À CGACGGAA AC “me 
bovine sequences®. Nucleotides Exon 1, 

are numbered plus for exonic CGACCGAGAGABGCCCCGAGCGTCCOCUCCC--=-TCA aac GAGAGCAGCCTC-CCGAGACAGB TA AGGECECAGCETGGCEGACT CGT 
sequences downstream from the CGGCG GCGGGAGCCGCCC- Te 6C ~ AC 


mRNA start site and minus for 
sequences upstream from the 


mRNA start site. The TATA and en TPROARSSERCYSCY SS RARGSE RG YALALENLEULEY 
CAAT sequences, and the A-G, 4 i ee ances ACGAATCTT orvERel rerscHGAGCCTCAGCCTGSCTOGAAGATOCLOAGA CU TOL TOCA FOOR TROOS RONCE i! TGCTG 
G-T dinucleotides at the intron— 9 7 TUT a Eisis Leu SER ° 
exon junctions are boxed. The pro- 5 

posed consensus sequence 13 for +200 


the poly(A) addition site is under- 
lined. The region of dyad sym- 
metry is overlined by arrows. The 
_. region of homology between 
' human DNA sequences and 
<- RGH? or MMTV-LTR® are 
._ Shown by boxes; in both RGH and 
`: MMTV-LTR, the homologous 
- sequence begins 392 nucleotides 
upstream from the mRNA start 
site. Errors in the partial sequence 
of exon 3 published previously’ 
have been corrected as a result of 
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additional analysis, and the sequence determined agrees with the DNA sequence of Takahashi et al.’’ and the protein sequence of Seidah 


and Chrétien”? 


positions similar to those described for other mammalian 
genes”. Upstream from the CAAT box of the human POMC 
gene are runs of nucleotides (positions —64 to —75, —101 to 
~145, -165 to —179) that are significantly homologous with 
sequences found in the corresponding positions of the bovine 
gene; at other locations the bovine and human sequences are 
highly divergent. Interestingly, a region of very stable dyad 
symmetry (AG = —47 kcal) is located 100 bp upstream from the 
CAAT box and at the 3’ end of intron A, therefore enclosing 
the CAAT and TATA boxes and all of exon 1. 

If the identifications made above on the basis of DNA 
sequence analysis are correct, the E2-B1 segment of the 11.6- 
kb DNA fragment cloned in H-POMC A 5A should contain a 
promoter for RNA polymerase II. We demonstrated the pres- 
ence of such a promoter in this region by in vitro transcription 
experiments’’"'’ using endonuclease-generated digests of 
cloned POMC human genomic DNA (plasmids pAP2 and 
pAEB7) as templates for RNA polymerase II. The plasmids 
used for these studies contained respectively the human 
genomic DNA fragments P1-P2 and E2-B1; if the regions 
identified as TATA and CAAT boxes in these clones are in 
l fac signals allowing initiation of trancription of the POMC 
- gene, digests of pAP2 DNA by BamHI, PstI, or Poul endonu- 
clease should yield in vitro RNA ‘run off? transcripts of 130, 
300, and 427 nucleotides respectively, and a digest of pAEB7 
DNA by the SalI endonuclease should give a 405-nucleotide 








. Despite careful sequencing and reading we were unable to decide whether nucleotides ~164 and 165 are G-A or A-G. 


RNA transcript. The RNA transcripts synthesized in vitro on 


cloned POMC genomic DNA have the lengths predicted (Fig. 
4). Thus, the sequences we have identified as the putative 
transcriptional regulatory region for the POMC gene seem 
capable of directing RNA polymerase II-dependent initiation 
of transcription in vitro. 

Much work has focused on the role in gene regulation of 
sequences immediately upstream from the mRNA-coding 
regions of prokaryotic" and eukaryotic’* genes, but little atten- 
tion has been given to the possible influence of more distant 
upstream seguences. Recently, however, a putative binding 
sequence for the progesterone-receptor complex involved in 
the control of egg-white protein synthesis in the chicken oviduct 
has been identified 250-300 bp upstream from the mRNA start 
site of the ovalbumin gene’’. In the case of the POMC gene, 
sequences at an equal or greater distance from the mRNA start 
site might be important in the glucocorticoid regulation of gene 
expression, or in the abnormal production of the POMC- 
derived peptides by certain non-pituitary tumours’’?', To 
explore the role of more-distant upstream regions in normal 
and abnormal POMC gene expression, we have determined the 
primary sequence of the 800-nucleotide segment preceding the 
POMC mRNA start site. 

Comparison of the DNA sequence obtained by such analysis 
with published sequences of other glucocorticoid-controlled 
genes showed that between position —486 and —466 upstream 
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from the POMC mRNA start site is a 21-bp DNA segment 
(see Fig. 2) that shows 80% homology with a 21-bp stretch 
beginning 370 bp upstream from the mRNA start site of the 
rat growth hormone (RGH) gene”. A similar sequence (75% 
homology) starts at the same location relative to the mRNA 
start site of the long terminal repeat (LTR) of the mouse 
mammary tumour virus (MMTV) DNA”. The expression of 
both the RGH gene and the MMTV genetic sequence are 
positively regulated by glucocorticoids’ *4.25' whereas the 
expression of the POMC gene is negatively regulated by this 
hormone’. 

The existence of specific DNA sequences that may be invol- 
ved in the binding of the hormone-receptor complexes has 
been suggested recently by in vitro studies for the MMTV LIR 
gene’ and the egg-white protein genes in the chicken oviduct’? 
The presence of largely homologous sequences in two gene 
segments positively controlled by glucocorticoids, and also in 


a 123 4 b 


12 34 5 





Fig.3 Detection of the 5’-untranslated region of human POMC 
mRNA. Genomic DNA fragments E1-E2, E2-B1, B1-B2 and 
B2-B3 generated by EcoRI and BamHI restriction endonuclease 
digestion of H-POMC ASA DNA were subcloned using the 
CBR322 vector. The DNA of plasmids containing the various 
fragments was digested by restriction endonucleases, subjected to 
electrophoresis on 2% agarose gels, transferred on aminothio- 
phenol paper (B. Seed, personal communication) and | hybridized 
to 20 ng of the nick-translated probe c (10° c.p.m. pg!) for 48h 
at 56°C in §5xSSC, 0.1M NaPO, pH 6.8, 10x Denhardt's sol- 
ution’, After hybridization, the filters were washed at room 
temperature for 10 min in 2 x SSC, 0.1% SDS twice, then 10 min 
in 0.5 x SSC, 0.1% SDS once, and subjected to autoradiography 
for 12h at -70°C with XR-5 film and Dupont Cronex lightening 
plus intensifying screen. a: Lane 1, 0.4 pg of E1-E2 fragment 
digested with HindIII endonuclease; lane 2, 0.4 ug of E2-Bl 
fragment; lane 3, 0.5 ug of B2—-B3 fragment digested by SstI; lane 
4.0.5 ng of B1-B2 fragment. b, Digests of 0.5 ug E2-B1 fragment 
with Hinc! endonuclease (lane 1), PstI (lane 2), Aval (lane 3), 
Aval plus PstI (lane 4), Lane 5 contains undigested DNA. The 
numbers at the side of the figure indicate the molecular size (in 
kb) of marker DNA derived from A wild-type DNA digested by 
Hindli, and SV40 DNA digested by Hinfl endonuclease. The 
hybridization signal seen with probe c (a, lane 3) is more intense 
than expected. We attribute this effect to slight contamination of 
probe c with probe b sequences, despite electrophoretic 
purification of the c probe fragment before use. 
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Fig. 4 Run-off analysis of RNA synthesized in vitro on human 
genomic DNA by RNA polymerase II (or B). The DNA fragments 
E2-B1 and P1-P2 of clone H-POMC A5A were inserted into the 
pBR322 vector, yielding the chimaeric plasmids pA EB7 and pA P2. 
The resulting DNAs were used as templates for i vitro transcrip- 
tion by cell-free extracts of HeLa cells (BRL) as described'”. The 
DNA fragments were either excised and purified by sucrose 
gradient centrifugation (fragment P1-P2, lanes 5,6) or treated 
with restriction endonuclease and phenol-extracted (lanes 1~4, 7, 
8). To differentiate transcripts made by RNA polymerase IJ (or 
B) from those resulting from RNA polymerase III (or C), 1 ug mi! 
of a-amanitine was added to appropriate reaction mixtures (lanes 
1, 3, 5, 7). RNA transcripts of the human genomic DNA were 
purified as described previously‘? and analysed on a 4.5% acryl- 
amide/7 M urea gel. After drying, the gel was exposed to film for 
6 has described in Fig. 3 legend. The length of the RNA transcripts 
was determined relative to molecular length markers (lane M) 
consisting of fragments of pBR322 DNA produced by digestion 
with Hinfl and **P end-labelled. The lengths (in numbers of 
nucleotides, nt) are labelled on the right side of the panel. The 
region of initiation of transcription was inferred from the length 
of the RNA chains which are terminated prematurely by endonu- 
clease digestion of the template DNA at specific sites, and which 
therefore ‘run-off’ the template’*. The arrows point to the RNA 
transcripts described. Lanes 1-4, run-off transcripts of 4.5 ug of 
pAP, double-digested with Pstl and BamHI (lanes 1,2) or Poul 
alone (lanes 3,4). The a-amanitine-sensitive transcript has an 
apparent length of 135 Gane 2) and 415 (lane 4) nt. Lanes 5, 6, 
run-off transcripts of 2.8 pg of the excised P1-P2 fragment. The 
a-amanitine transcript has an apparent length of 292 nt (lane 6). 
The molecular weight was calculated for the upper transcript. The 
smear below is probably due to degradation because it does not 
appear each time. Lanes 7, 8, run-off transcript of 4 wg of pAEB7 
digested by Sall. The DNA transcript has an apparent length of 
390 nt (lane 8). 
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the region upstream from the negatively controlled human 
POMC gene, could be accounted for if such sequences are 
involved in the binding to DNA of the glucocorticoid-receptor 
complexes, Although the homology in the DNA segments we 
have identified is incomplete, the occurrence of similar sequen- 
ces at the same distance upstream from the mRNA start site 
in RGH and the MMTV LTR is of interest, although their 
- functional significance remains unknown. In any case, the 

specific DNA sequence we have identified does not seem to be 
necessary for dexamethasone stimulation of MMTV LTR-regu- 
lated gene expression in transfected cells: stimulation still occurs 
after removal of all MMTV LTR sequences beyond the 170- 
200 nucleotides immediately upstream from the mRNA cap 
site (J. Majors and H. Varmus, and G. Ringold, personal 
communications). 

Our data indicate that the 11.6-kb EcoRI endonuclease- 
generated gene fragment E2-E3 includes the entire structural 
gene for human POMC. The gene’s mRNA coding sequences 
are contained in three exons of 87, 152 and 833 bp, separated 
by two introns of about 3.9 and 2.8 kb. While segments of both 
interspecies conservation and divergence exist in the mRNA- 
coding and non-coding regions of the human, bovine and rat 
POMC genes, the mRNA of all three species is spliced at 
identical sites. The longest segments of interspecies conserva- 
tion occur in the protein-coding region of the gene, especially 
in the segment that includes the hormones ACTH and 8-LPH. 
However, significant sequence conservation occurs also in the 
3'-non-coding region and in a segment upstream from the 
TATA and CAAT boxes (—64 to -178), suggesting that these 
regions may be important in the expression of POMC in vivo. 

After completing this work, we received a manuscript 
reporting a similar overall structure and DNA sequence of the 
mRNA-encoding region of the POMC gene and the immedi- 
ately proximate upstream region’. The protein sequence 

„recently reported in refs 28 and 29 corresponds to the DNA 
sequence that both we and Takahashi er al. have obtained. 

These studies were supported by the US NIH. M.C. was a 
postdoctoral research fellow of the CNRS. 
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The G region of bacteriophage Mu is a 3,000-base pair (bp) 
invertible DNA segment that determines the host specificity of 
the phage’. Only phage with the G segment in the orientation 
designated (+) can adsorb to Escherichia coli K-12 (refs 3-5), 
whereas phage with the G segment in the (—) orientation infects 
other hosts such as Citrobacter freundii and E. coli C (ref. 1). 
It has been proposed that four genes are involved in host 
specificity—-S, U, S’ and U'—of which $ and U are expressed 
in the orientation (+) and S’ and U’ in the inverted orientation 
(—) of the G segment. We have presented two alternatives for 
the organization of these genes (Fig. 1). In model A the four 
genes involved are entirely contained within the G segment, 
whereas in the alternative model (B) it is assumed that the 
proximal part of the S gene is located in the æ part of the Mu 
genome. We report here that the $ and §’ genes are partially 
located outside the G segment and share a common part located 
in æ (Sc). This common § region will be joined by G inversion 
to one of the two variable parts (Sv or Sv’) which results in the 
synthesis of either tail fibre protein § or S’. 

In both models A and B two predictions were made concern- 
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Fig. 1 Two proposed models for the organization of the G region of 
bacteriophage Mu. The G segment (3 kb) is situated between the « part 
(~30 kb) and the 8 part (1.5 kb). The G segment (drawn in orientation 
+) can invert by recombination between inverted repeats (R). Amber 
mutations in genes S and U have been mapped in G with U mutations 
mapping distal to the S mutations’? and these genes should be located in 
the leftmost 1,700 bp of G DNA*. S$ and U are essential for G(+)} but not 
for G(—) phage’. The $ protein (56K) and a 21K protein (U?) are structural 
components of G(+) phage particles but not of G(-} phage particles". 
G(~) phage particles contain two structural proteins of 48K and 26K, 
tentatively designated S and U, respectively, which do not occur in Git) 
phage particles. It is assumed that S' and U’ are involved in adsorption of 
G(~} phages and that their genes are located in the rightmost 1,300 bp of 
G DNA non-essential for G(+) phages. To obtain expression of S’ and LU" 
in the G(—) orientation, transcription of G genes starts in the a part of the 
Mu genome. The four proteins S$, U, S' and U’ require a coding capacity 
over 4kb of DNA, a length exceeding the 3 kb G segment. If the four 
genes are located entirely in the G segment they should overlap (model 
A). In model B the § and S’ genes span the a~G boundary with a common 
region in the a segment (Sc) and two variable regions at the ends of the 
G segment (Sv and Sv’). 
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Fig. 2 a, Electrophoretic separation of the polypeptides of Mu Gi+) and 
Mu G(—) phage particles’. The various structural polypeptides indicated 
are presumed to represent the following gene products (gp): 56K = gp S; 
22K = gp U; 48K = gp S’; 26K = gp U'. b, Identification of $ and $’ gene 
products in E. coli minicelis. Minicells were infected with Mu and Mu 
amber mutants. One hour after infection the minicells were labelled with 
_48§-1-methionine and the proteins analysed on a 11.5~-20% polyacrylamide 
gradient gel’. A Mu polypeptide of M, 56,000 (56K, lane 1) is not 
synthesized in the minicells infected with Mu Sam 1004 (lane 2), The minicell 
producing strain PC2251, which resulted from a cross between an E. coli 
C donor and the minicell-producing Adler strain (P678-54), was found to 
be sensitive for G(—) phages. Lane 4 shows the polypeptide pattern of 
minicells of this strain infected with G(—) phages, compared with a pattern 
obtained from minicells of D8410 infected with Mu Gi+) (lane 3). A 50K 
polypeptide is synthesized only after G(—) infection. This polypeptide is 
absent in minicells infected with Mu G(—) amber mutant 2101 (lane 6) or 
infected with G(—) amber mutant 2102 and 2103 (results not shown). 


is non-essential for G(+) phage, as marker rescue of these 
mutations was observed with recombinant plasmids containing 
the right part of the G region (pGP202 and 203, Fig. 3b). 
Therefore, we conclude that there is indeed a region in the G 
segment which is only essential for G(—) phage. The gene 
product encoded by this region could be identified in minicells. 
As can be seen in Fig. 2b, minicells infected with Mu G(+) 
phage synthesize a 56K polypeptide identified as the $ gene 
product (lane 2). This polypeptide is absent when G{—)-sensitive 
minicells are infected with G(—) phage, but another polypeptide 
of M, 50,000 (50K, lane 4), comparable with that of the struc- 
tural S’ polypeptide, is synthesized instead. This polypeptide 
is not synthesized in minicells infected with any of the three 
Mu G(—) amber mutants (lanes 5, 6). These results show that 
the S’ gene located in G is essential for G(—) phage only and 
encodes the structural protein unique for G(—) phage. 

To analyse the genetic organization of the G region further, 
we cloned a Mu DNA fragment containing this region in 
pBR322. In isolates of this plasmid, pGP56 (Fig. 3a), the G 
region is found for 50% in the (+) and for 50% in the (—) 
orientation. Cells containing pGP56 express the genes R, S and 
S’ as measured by complementation of Mu amber mutants. 

To distinguish between models A and B (Fig. 1), we have 
isolated various TnJ insertions in pGP56, constructed various 
subclones of this plasmid and tested them for complementation 
and marker rescue of ‘G’ amber mutants. Fourteen independent 
Tns insertions were mapped by restriction enzyme analysis in 
the G region and in regions flanking G (Fig. 3a). Figure 3a 
also shows the level of complementation of Mu S and Mu S’ 
amber mutants in strains (either E. coli K-12 or E. coli C) 
harbouring pGP56 with the various TnJ insertions. The results 
allow the following conclusions. (1) Both S and S' are expressed 
from a promoter which is located in a between 900 bp (position 
22, S and S'(+)) and 350 bp (position 44, S and S'(—)) to the 
left of the G segment. (2) The entire S’ gene or Sv’ is, as 
postulated, located in the right part of the G segment (in the 
(+) orientation; see positions 69 and 43). (3) Two TnJ inser- 
tions (44 and 48), located outside the G segment in a, give loss 
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of expression of both $ and S’. Therefore, these insertions are 
either in the common part of $ and S’ or are located between 
the promoter and the translation start of S$ and S’. (4) The 
promoter distal end of the $ gene seems to be located in the 
vicinity of the KpnI site (975 bp removed from the left inverted 
repeat), as TnJ insertions 66 and 42 allow complementation 
of Mu § amber mutants, 

To localize both the proximal and distal ends of § and S’, 
marker rescue and complementation experiments were per- 
formed with subclones of pGP56 (see Fig. 35). pGP202, which 
is deleted for the Mu DNA between the two Hpal sites in the 
G region of pGPS6, did not complement Mu S$ or S’ amber 
mutants. This result indicates that the C-terminal end of both 
genes S and S’ stretches beyond the two Hpal sites, located 
respectively 600 and 900 bp away from the left and right inver- 
ted repeats. Marker rescue of the Sam1004 mutation was 
observed with pGP202 and pGP204, whereas both pGP202 
and pGP203 rescued the S'am2101 mutation. Thus, the 
Sam1004 mutation was mapped in the leftmost 600 bp and the 
S'am2101 mutation in the rightmost 900 bp of the G region. 
We identified in minicells the amber fragments of Sam1004 
and S’am2101 which represent the translation products of the 
S and S' genes up to the amber mutations (Fig. 2). The amber 
fragment of Sam1004 has a molecular weight of 40,000, which 
requires a coding capacity of 1,100 bp of DNA. Thus, the site 
of the Sam1004 mutation is 1,100 bp removed from the transla- 
tion initiation point of the $ gene. The N-terminal end of the 
S gene should therefore be located at least 500 bp to the left 
of the G region. As 1,500 bp are needed to code for the S gene 
product (56K) this result agrees with the conclusion that the 
C-terminal end of § is located in the vicinity of the KpnI site 
in the G region. Taking into account the size of the S'am2101 
amber fragment (45K, Fig. 2), we calculated in a similar way 
that the S’ gene should start at least 330 bp to the left of the 
G region. From the results obtained so far, we conclude that 
the S and S’ genes share a common part of DNA located outside 
G in the a region. 

To map the promoter proximal end of $ and S’ more precisely 
we identified gene products and truncated proteins synthesized 
in minicells containing pGP56 and its derivatives containing 
Tns in S or S’ (Fig. 4). If truncated proteins are found, these 
will represent mainly truncated $ or S’ encoded amino acids, 
for it seems from the DNA sequence of TnJ (ref. 7) that in all 
three possible reading frames, translation stop codons occur 
within the first 30 bp from the ends of the transposon. As is 
shown in Fig. 4, lane 8, minicells containing pGP56 synthesize 
the 56K S polypeptide and the 50K S’ polypeptide. Unfortu- 
nately, Tn5 encodes polypeptides of reported? M,s 54,000 and 
49,000 which co-migrate with S and S’ (Fig. 4, lanes 1, 2). 
Therefore, it was not possible to show the disappearance of S 





Table 1 Mapping of the promoter proximal end of the $ and S’ genes 








Distance (bp) 
from the 
Position translation 
Tr M, (x10) of start point to 
insertion truncated inverted repeat 
Plasmid (bp)* proteins? S s 
pGP56::Tn3 no. 33 400 from 
left IR 37 600 
pGP56::TnS no. 3 575 from 
left IR 43 600 
pGPS56::TnS no. 63 875 from 
left IR 54 600 
pGP56::TnJ no, 69 825 from 
right IR 48 475 
pGP56::TnS no. 43 150 from 
right IR 25 525 





* See Fig. 4a legend. IR, inverted repeat. 

+ Truncated proteins are indicated >in Fig, 4. 

+ Assuming an average molecular weight of .110 for an amino acid. The 
calculated distance is a meximal value as a contribution of translation into Tn5 
has not been taken into account. 
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o Fig. 3 a, Linear map of plasmid pGP56 (11.5 kb) which consists of Mu DNA {—) cloned in a Pstl~EcoRI fragment of pBR322(—), The Mu DNA comprises a 
: part of æ (3 kb), the G segment (3 kb), the B part (1.5 kb) and 0.4 kb of DNA from the variable ends (VE) of Mu DNA. A comparable plasmid has been described 
elsewhere'*, The two possible orientations of the G segment in pGP56 preparations can be visualized by analysis of EcoRI/Kpnl fragments of pGPS6 DNA. The 

_ . Map position of various insertions of transposon TnS isolated in the Sail/ EcoRI fragment of pGP56 are indicated in the second line. The solid bar represents the 
_. Gregion and LL’ and RR’ the left and right inverted repeats. As restriction sites on Tn5 have been presented", the integration sites of Tn5 could be determined 
_ by digestion with restriction enzymes Sall, EcoR1/Xhol, Kpnl and Kpnl/Xhol and length measurements of the obtained fragments on 1 and 1.4% agarose gels. 
_ As G inversion was observed within all plasmid preparations Sall (which cuts once in TnS ), digestion shows whether Tns is integrated in the G region. With 
Kpni/ EcoRI digestion, Tn could be mapped to the left or to the right of the Kpal site in G. The distance from the site of integration to the inverted repeats could 
be calculated by EcoRI/Xhol and Kpni/Xhol digestion, as Xho sites in TnS are known precisely’ and the Kpnl site was mapped 975 bp from LL’. To measure 
complementation, E. coli K-12, recA or E. coli C, recA with and without pGP56 or pGP56::Tn$, were infected with Mu G(+) amber mutants (Ram1059 and 
Sam1004) or Mu G(~) amber mutants (S’am2101), respectively, with a MOI of 5. After an adsorption period of 15 min at 37 °C, the cells were incubated in the 
presence of Mu antiserum for 10 min at 37 °C, washed twice and diluted 1,000-fold in L broth. Phage titres were determined after 1 h growth at 37 °C by titration 
of phage on lawns of E. coli K-12, su* (for G{+) phage), or E. coli C, su* (for G(—) phage). The level of complementation is indicated + when the phage titres 
obtained are as high as that of pGPS6 (5 x 10°-1 10°) and indicated (—) when they are as low as that of bacteria containing no plasmid (5 x 10°-2 x 10°), An 
aberrant level of Mu Sam complementation was obtained with TnS at positions 66 and 42 (1 x10" and 3x 107, respectively). The reason for this low level of 
complementation is not known. b, Subclones of pGPS6. The Mu DNA present on the different plasmids is indicated by a line. As pGP204 is derived from a Gi—} 
molecule of pGP56 the @ end is in fact directly linked to the left end of the G region (which is drawn here in the (+) orientation). The construction of the plasmids 
will be presented elsewhere (R.H.A.P. and P.P., in preparation). To measure marker rescue, E. coli K-12, su”, or E. coli C, su’, with or without a plasmid, were 
infected with Mu amber mutants with a MOT of 5. Titres of wild-type phage were determined by titration on lawns of E. coli K-12, su’, or E, cali C, su”. The $ 

amber mutants used fall in different deletion groups‘. 


or S when TnJ was inserted in the respective genes. However, 
truncated proteins are synthesized in minicells containing 
pGP56 with TnS inserted at five different positions (Fig. 4, 
lanes 3, 4, 5, 7, 8). The C-terminal end of the S and S’ genes 
could be mapped, respectively, less than 100 bp removed from 
Tn5 no. 63 and TnS no. 69, as their respective truncated 
proteins are only slightly smaller than the S and S' gene products 
(Fig. 4, lanes 5, 8), The N-terminal end, or translation startpoint, 
of S and S' could be calculated from the M, of the various 
truncated proteins and the map positions of the Tn insertions 
(Table 1). The position of the N-terminus of the S$ gene, 
~600 bp removed from the G region, was also determined with 
pGP202 (Fig. 3b). Minicells containing pGP202 do not synthe- 
size S or S’, confirming complementation data, but a 43,000 M, 
polypeptide (Fig. 4, lane 10). Assuming that this polypeptide 
-represents a truncated S protein, the S$ gene should start within 
$75 bp to the left of the inverted repeat. The results confirm 
that the start of both S and S’ genes is located in the a region 
-500-600 bp away from the G region. Therefore, S and S’ arise 
by a splicing of a common and an invertible part of DNA, as 
suggested in model B (Fig. 1). 


With regard to U and U’ in model B, we have previously 
been unable to prove genetically the existence of U' and to 
elucidate the expression of U and U’' and their role in host 
specificity. However, in addition to S and S', pGP56 encodes 
at least two polypeptides of M, 22,000 and 18,000, which are 
not encoded by pGP202 (Fig. 4, lanes 9, 10). These polypeptides 
are good candidates for the gene products of U and U'. The 
18K polypeptide may be the U gene product as it is not 
synthesized in minicells containing pGP56, Tn5 no. 42 (Fig. 4, 
lane 6). Genetic experiments failed to prove that Tn5 no. 42 
is indeed integrated in the U gene, due to the leakiness of Uam 
mutants, although its physical position suggests this. 

We have postulated that the gin gene is expressed, at least 
in part, from a promoter located in aœ (ref. 1). However, G 
inversion is observed with all derivatives of pGP56 described 
above. Assuming that the observed inversion is caused by gin*®, 
this result suggests that the gin gene is predominantly or entirely 
expressed from a promoter located to the right of Tn5 no. 43, 
confirming the data of Kwoh et al.°. = 

We believe the system described here to be the firstexample 
of gene splicing by an inversion event and the first example of 
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Fig. 4 Autoradiograph showing polypeptides synthesized in minicells iso- 
lated from cells containing pGP56, derivatives of pGP56 and plasmids with 
Tn insertions. Minicells were labelled with *°S-:-methionine and the 
polypeptides separated on a 12.5% polyacrylamide gel’?, The autoradio- 
graph shows the polypeptide pattern of minicells containing the following 
plasmids: control plasmid pJAO8 (provided by R. Brandsma) (lane 1), 
pJA08::Tn5 (lane 2), pGP56::TnJ5 no. 33 (lane 3), pGP56::Tn3 no. 3 
(lane 4), pGP56::Tn5 no. 63 (lane 5), pGP56::TnS no. 42 (lane 6), 
pGP56::Tn5 no. 43 (lane 7), pGP56::Tn5 no. 69 (lane 8), pGP56 (lane 
9), pGP202 (lane 10). The $ gene product (56K), S’ gene product (50K), 
A-lactamase (28K)"’, neomycin phosphotransferase II (26K)° and the prod- 
uct of SSB (18.5K)"” are indicated. Truncated proteins are indicated by >. 


splicing within the prokaryotic cell. The recombination of a 
common region to different regions to form variable functional 
genes is a well known phenomenon in eukaryotes in the 
assembly of immunoglobulin genes’*'’. In the case of G inver- 
sion, the variability is in the Sv or the Sv’ region. The common 
region of the S and S’ proteins is probably the part which 
becomes attached to the phage tail, whereas the variable part 
recognizes the receptor sites of the different hosts. This is now 
being tested by isolating and mapping mutants of Mu with other 
host ranges. Although we have shown that S$ and S’ share a 
common region of DNA in a, this does not directly imply that 
their respective products are identical at the N-terminus. The 
calculated N-terminus of genes $ and S$’ differed by ~75- 
100 bp. This may be due to errors in restriction mapping and/or 
molecular weight estimation. Moreover, we do not know exactly 
at which position translation has stopped in the various Tn5 
insertions. However, the observed difference may reflect a real 
difference in length of the Sc part of the two proteins. Therefore, 
definite proof for the presence of a common part in S and S’ 
at the protein level must await determination of their amino 
acid sequences. 

These results were first presented at the EMBO workshop 
‘Bacteriophage Mu’ (May 1981) and were supported by the 
nucleotide sequence of the G region as presented by R. Kah- 
mann (Max-Planck-Institute, Miinchen) at this workshop. We 
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Erratum 


In the letter by P. M. Conn et al., Nature 296, 653-655 
(1982), the title should read ‘Conversion of a gonadotropin- 
releasing hormone antagonist to an agonist: implication for a 
receptor microaggregate as the functional unit for signal trans- 
duction’. In Fig. 2 the lines labelled a, b and c should be termed 
(1), (2) and (3) te correspond to the text. In ref. 4 the page 
numbers should read 264-265, and the journal in ref. 6 is 
Endocrinology 109, 2040-2045 (1981). In addition the follow- 
ing ‘Note added in proof’ should have appeared: Additional 
evidence for the significance of microaggregation comes from 
the observation of potency enhancement of a GnRH agonist 
in conditions which favour receptor microaggregation’’. In 
addition, a hormone antagonist has been converted to an agonist 
by antibody cross-linking”. 


20. Conn, P. M., Rogers, D, C. 


& McNeil, R. Endocrinology (in the press). 
21. Hopkins, C. R., Semhoaff, S. & G 


regory, H. Phil. Trans. R. Soc, B296, 73-81 (1981). 


Corrigendum 


In the letter ‘Conversion of the chemical energy of methyl- 
malonyl-CoA decarboxylation into a Na” gradient’ by W. 
Hilpert and P. Dimroth, Nature 296, 584-585 (1982), in 
Fig. 1 the total incubation volume should be 0.67 ml, not 
10.67 mi as shown. 
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Sociobiological sins: 


THESE two volumes, which should be read 
as one, are reports from a conference held 
in 1980 in Bresanone, Italy. As always with 
such reports, the quahty of contributions 1s 
somewhat uneven and not everyone keeps 
quite so closely to the main themes as they 
should, ın addition they are marked — and 
marred — by the leaden seriousness of the 
left. Nonetheless no ones left in any doubt 
as to the main motivating force behind the 
books, for, like King Charles’s head, mn 
virtually every contribution one topic 
keeps cropping up, namely the sins of 
sociobiology In response to this dreadful 
phenomenon, what the Dualectics of 
Biology Group offer us 1s one volume 
(Against Biological Determinism) directed 
to criticism of the suppositions behind 
sociobiology Then, the second volume 
(Towards a Liberatory Biology) turns to 
possibilities of something better 

The critical volume wastes no time in 
setting the general theme, with an attack on 
human sociobiology as socially dangerous 
What worries Martin Barker 1s that 
sociobiology contains a ‘‘potential 
invitation to a unity of theory and practice 
in the latest forms of capitalist political 
economy” (p 26) This isa theme which we 
have heard sung many times before, most 
particularly by the Boston-based ‘‘Science 
for the People Sociobiology Study 
Group” I shall return to it later 

Following more of the same, as well as a 
brief taxonomy by Hilary and Steven Rose 
of conventional attitudes to science, we 
arrive at what I find to be two of the more 
worthwhile papers, Lynda Birke’s and 
Lesley Rogers’s. These two feminists focus 
on attempts to explain gender identity and 
sexual orientation in terms of underlying 
biochemical causes (which in turn are 
supposedly hnked to the genes) The well- 
known sex researcher, John Money, who 
must be rueing the day when E O Wilson 
spoke of his work favourably, 1s singled out 
for heavy criticism It1s argued that Money 
bases his claims (specifically, that 
homosexuality has hormonal causes) on 
conceptual confusions, as well as 
madequate evidence 

The second charge cannot be denied 
Most sex researchers put me in mind of 
philosophers, as they generalize to the 
whole world from about two cases (which 1s 
one more case than Freud, who generalized 
exclusively from himself). But what of the 
more interesting claim of conceptual 
confusion? I am not sure that ıt holds. Is ıt 
really a mistake in logic to suggest that 
lesbians have ‘‘male’’ type emotions, or 


Michael Ruse 


Against Biological Determinism. Pp.184 

Hbk ISBN 0-85031-423-2; pbk ISBN 
0-85031-424-0 Towards A Liberatory 
Biology Pp 161 Hbk ISBN 0-85031- 
425-9; pbk ISBN 0-85031-426-7 The 
Dialetics of Biology Group, general editor 
Steven Rose (Allison and Busby/Schocken 

1982 ) Each volume hbk £8 95, $14 95, pbk 
£4 50, $8 95 


conversely that male homosexuals have 


female urges? What really counts ın such a 
situation 1s the desire and the sex object 
towards which the desire is directed The 
actual mechanics involved seem to be 
irrelevant more an incidental by-product 
of physiology 

Moving along through slight variants on 
the anti-determinism (chiefly antı- 
sociobiology) theme ın the first volume, we 
can turn to the more positive Towards a 
Liberatory Biology. Here we find what 1s 
perhaps the most sensible essay of the 
whole set ‘‘Synthesizing Views about the 
Origin of Behaviour” by Patrick Bateson 
The author perceptively points to some of 
the problems facing the student of 
behaviour, particularly those arising from 
the need to sort out innate from 
environmental factors. I suspect that 
Bateson must have felt somewhat 
uncomfortable at the Bresanone 
conference, for he calmly assumes that 
orthodox biologists have indeed made 
important advances in our understanding 
of behaviour. For instance, he praises 
Maynard Smith’s use of game theory as a 
tool for understanding aggression, 
although elsewhere this 1s criticized as yet 
one more excursion into the realm of the 
unfaisifiable 

Smce sociobiology, with its emphasis on 
natural selection, 1s so very much part of 
the whole Darwinian paradigm, the most 
radical attack 1s obviously one which goes 
right to the heart of Darwinism itself, 
hoping to put forward a new theory of 
evolution This 1s the theme of several of 
the contributors to the second volume, as 
they urge upon us various neo-Lamarckian 
and neo-vitahst alternatives But I doubt 
that the Ernst Mayrs of this world need 
worry too much yet The critics base their 
case on some fairly worn arguments against 
natural selection, together with some 
incredible rewritings of history. I simply do 
not know how Gerry Webster and Brian 
Goodwin (‘‘History and Structure in 
Biology’’) can accuse Darwin of being 
hostile to Cuvier’s ideas or to the rational 
morphologists’ ‘‘plan of creation’? In 
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fact, I would say ‘that, in his thorough” 


going teleology, Darwin owes more to the ay. 


non-evolutionist Cuvier than he does to the 
evolutionist Lamarck. Moreover, the very 
crux of Darwin’s work was his incredible 
sensitivity to the morphologists’ ideas, 
which he learnt from people like Richard 
Owen. Darwin’s genius was to combine 
both form and function into one synthetic 
theory — form through common descent 
and function through natural selection 
Furthermore, to say that Darwin was 
‘firmly in the empiricist/positivist 
tradition’’ (p 104) 1s to ignore entirely the 
influence on Darwin of such rationalist 
thinkers as William Whewell, and the 
difficulties that full-blown empuricists such 
as Huxley had with Darwin’s selection 
mechanisms 

All in all, I am afraid that I find these 
volumes unprepossessing; but let me make 
three concluding points First, I agree 
entirely with the DBG that a blind 
reductionism, arming to explain everything 
in terms of the Hardy-Weinberg law -— or 
even worse, some simplistic law of physics 
~- 1S the last thing that biologists should 
aim for Anyone who says that life and its 
problems 1s just a set of molecules 1s either a 
fool or a har But, second, there 1s no 
evidence that sociobiology 1s committed to 
such a gormless programme of 
reductionism, despite the outlandish 
statements of some of its more enthusiastic 
proponents Sociobiologists continue to 
deal with brological questions, moreover, 
the last thing that sociobiology does 1s to 
exclude methods and findings from other 
disciplines, such as psychology and 
sociology Rather, the social sciences are 
given a crucial role in the overall picture 
Thus, for instance, suppose that there 1s 
something in the sociobiological claim that 
incest barriers have a genetic foundation 
This says nothing about the role which 
genotypes have in causing such barriers 
Instead, all sorts of questions are asked 
(and answers demanded) about the ways in 
which close contact with siblings in early 
childhood lead to anti-sexual umprinting 
And who 1s to answer these questions but 
social scientists? 

This conclusion ıs precisely what one 
would expect, given that sociobiology hes 
so firmly within the Darwinian tradition 
Darwinism has always claimed that 
evolution 1s a function of heredity in 
mteraction with the environment. A purely 
biological (meaning especially a purely 
genetic) determinism 1s meaningless to the 
Darwinian 
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Third and finally, let me speak to the 
concern articulated by Martin Barker, but I 
think behind nearly all of the opposition to 
sociobiology and like enterprises When all 
is said and done, 1s1t not really the case that 
sociobiology 1s merely right-wing ideology 
dressed up to look lıke genuine science? 
One would have to be insensitive not to 
recognize this as a genuine concern, or to 
deny that genetic theones of human 
behaviour have been (and still are) used to 
“support” some pretty horrible social 
doctrines But it 1s simply not true to claim 
unequivocally that all genetic theories are 
apologia for the worst excesses of Western 
capitalism, any more than it would be true 
to claim that all environmentalist theories 
are as ideologically pure as the driven 
snow Indeed, some thoroughly dreadful 
practices have been pushed by people who 
claim that all we need is a httle of the nght 
social conditioning 

In short, I remain unconvinced that 
sociobiology 1s the inherently evil thing 
supposed by the DBG No doubt the 
members of the DBG will remain equally 
unconvinced of what I say But could I 
make one request? Do not let us degenerate 
into accusations that the other side 1s 
responsible for the mse and success of 
Creationism — as the cover of one of these 
books suggests There 1ssimply no causal 
connexion between socioblology and 
Creationism, and to pretend otherwise 1s 
gratuitously insulting For all our 
differences, do not forget that we are all 
striving, painfully, to see the light a 


Michael Ruse ts a Professor in the Departments 
of History and Philosophy at the University of 
Guelph His most recent book is Darwinism 
Defended (Addison-Wesley, 1982) 


Journals’ review issue 1982 


On October 7th Nature will publish a second 
review supplement devoted to science 
journals Last year’s supplement, covering 
journals first published between January 
1978 and May 1980, appeared ın Nature 293, 
341-369, see p 343 of that issue for details 

Criteria for inclusion of a journal in the 
1982 issue are that 


@ the first number appeared, or the 
journal was re-titled, between June 
1980 and May 1981, 

@ itis published at least three times a 
year, 

@ the main language used 1s English 


Broadly, periodicals of professional 
interest to scientists will be considered for 
review, with the exception of abstracts’ 
journals 

In addition it 1s hoped to cover publicly 
available newsletters, first published 
between January 1978 and May 1981, in that 
issue 

Publishers and societies are invited to 
submit four sample issues of periodicals 
satisfying the above criteria, including the 

firstand most recent numbers, to the Review 

Editor, Nature, 4 Little Essex St, London 
WC2R 3LF, England (London 836 6633 
ext 2570) as soon as possible 





The biological roots of personality 


Anthony Gale 


A Model for Personality. Edited by H. J 
Eysenck Pp 287 ISBN 3-540-10318-X%/ 
0-387-10318-X (Springer-Verlag 1981 ) 
DM78, $37 20 





AT THE dinner last summer to celebrate 
the publication of bis Festschrift, Hans 
Eysenck declared himself to be confused 
This unusual state of mind resulted from a 
paradox The same scientific thinking 
which had led him to reject fascism m his 
youth had created enemies ın his old age 
His analysis of IQ differences between 
ethnic groups, and his insistence that 
biological factors account for differences 
between individuals, have led to 
accusations of racism Eysenck-bashing 
has become a popular sport, not only on 
the campus, but ın scientific journals He 
only needed to look to his own writings for 
an answer to the paradox, frequently he 
talks of the zeitgeist, the prevailing 
scientific fashion which favours some 
approaches and castigates others And he 
has never been afraid to profess unpopular 
views, whether it be to attack psycho- 
analysis or to accuse his fellow psycho- 
logists of sloppy thinking 

In A Model for Personality Eysenck 
invites his critics to do their worst His 
theory of the biological basis of extra- 
version, and the data which support it, are 
laid out before us, warts and all He sees 
himself in a long line of biological 
theorists, stretching back to the Greek 
physician, Galen The arguments straight- 
forward systematic studies of personality 
reveal two common factors, extraversion~ 
introversion and neuroticism-stability, 
and their ubiquitous appearance implies 
that they are grven by nature If they have 
biological roots, we expect them to be 
normally distributed across the popu- 
lation, to be transmitted by genetic mech- 
anisms, expressed in brain function. and 
adaptive in governing the interaction of the 
individual with his physical and social en- 
vironment Each of the contributors to the 
book (all are internationally established 
authorities) deals with one of these aspects 
of the theory 

The reader should recognize that, for 
many psychologists, the establishment of 
links between genetics, biology, learning, 
and the way people think and interact 
socially involves a tremendous imaginative 
leap into the unknown, for ıt presupposes 
that all the philosophical problems raised 
by the Mind-Body relationship will 
ultimately be resolved Some of the tricks, 
which involve a shift between diverse 
domains of description, are truly 
remarkable For example, a 24-1tem paper 
and pencil test about how you feel in 
different situations (‘‘Would you rather 
stay at home, or go to a dull party?’’) 
enables successful prediction of electrical 
properties of the brain Eysenck beheves, 


as did Pavlov, that nervous systems qua 
nervous systems, have properties which 
determine the ways ın which the organism 
acts upon and responds to the 
environment The Dynamics of Anxiety 
and Hysteria (Routledge & Kegan Paul, 
1957) and The Biological Basis of 
Personality (Thomas, 1967) showed how 
Eysenck’s theory could find operational 
expression ın the form of systematic labor- 
atory experiments This rapprochement 
between traditional experimental psy- 
chology and personality theory 1s illus- 
trated by his son Michael’s chapter, review- 
ing studies of personality, learning and 
memory 

The penultimate chapter, by Jeffrey 
Gray, offers a savage critique of the theory 
He claims that Eysenck’s selection of a 
particular mathematical solution to factor 
data does not fit the facts, that every data 
set supporting the theory 1s matched by a 
contradictory set, that the 1957 and 1967 
versions generate different and even 
conflicting predictions, and that the key 
instrument of measurement (the Eysenck 
Personality Inventory) has undergone 
surreptitious changes over the years Only 
Eysenck could invite a colleague (possibly 
his successor at the Institute of 
Psychiatry?) to write such a provocative 
and thoroughgoing critique of his own 
theory 

This 1s a very useful, balanced and 
sensibly compiled record of Eysenck’s 
progress in this his retirement year It 1s 
ironic that in the 1980s there is a move 
towards a more biological perspective the 
pendulum 1s swinging back ın Eysenck’s 
direction g 


Anthony Gale ıs Professor of Psychology at the 
University of Southampton He ıs co-editor of 
The Biological Bases of Personality and 
Behaviour (Hemisphere Press, 1982) and 
Psychology and People A Tutorial Text (BPS-— 
Macmillan, 1982) 


Chariots of water 
M., Ian Phillips 


Thirst By Barbara J Rolls and Edmund T 
Rolls Pp 194 Hbk ISBN 0-521-22918-9, 
pbk ISBN 0-521-29718-4 (Cambrıdge 
University Press 1982 ) Hbk £15, $29 50, 
pbk £5 50, $10 95 


EVERY year in London on the neutral 
waters of the Thames there 1s a race 
between a row-boat from Cambridge 
University and one from Oxford I was 
reminded of this when asked to review 
Thirst by Barbara Rolls and Edmund Rolls 
from Oxford University, since a year ago I 
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reviewed The Physiology of Thirst and 
Sodium Appetite by James Fitzsimons 
from Cambridge University (Science 208, 
711, 1980) 

This latest response from Oxford in the 
race for dominance of the water intake 
field 1s a fast-moving, sometimes too brief 
but nonetheless highly readable account of 
our present knowledge of thirst. It 1s not as 
erudite as the volume by Fitzsimons — 1t 1s 
less than half the size for one thing — but ıt 
is a book that one could recommend to 
students of physiological psychology and 
researchers newly attracted to the field It 
covers a comprehensive list of topics and as 
an introductory text it 1s excellent What it 
lacks for the researcher actively involved in 
these studies is the depth of sources and an 
accounting of all available information 
For example, the authors avoid covering 
the brain angiotensin system in detail by 
dismissing 1t as being controversial 
Perhaps that attitude 1s the better part of 
valour, but in consequence much recent 
data are overlooked 

Since most of the interest ın the subject 
can be attributed to the discovery that 
injections of angiotensin II stimulate 
thirst, ıt ıs appropriate that Barbara Rolls 1s 
the semor author of this text It was she, 
with Fitzsimons, who first showed that 
effect of angiotensin H intravenously and 
shortly afterwards intracramally Edmund 
Rolls adds his unique expertise m the 
understanding of central mechanisms of 
thirst ın primates It is a winning com- 
bination for a work that will appeal to 
those interested in the physiology of 
motivation 

The book ıs profusely wlustrated with 
clear pictures, almost one to a page. The 
material presented 1s a readable summary 
of the progress that has been made ın the 
study of thirst and particularly since the 
discovery of the effects of angiotensin II in 
1969 It1s apparent, however, that the race 
1s not over because the control of drinking 
under normal physiological conditions has 
not yet been established, the authors say 
that involvement of angiotensin ın thirst 
may only bein emergencies As a review of 
the field, the book enables one to see that 
advances have been made with relatively 
simple techniques The flow of 
experiments presently ıs towards more 
precise localization of receptors and more 
accurate descriptions of the brain 
pathways involved. In that respect, thirst 
research 1s not yet far from the starting line 

The book does show that there 1s 
sufficient data for a course in thirst and for 
an active field of research There is 
certainly room for the two volumes on 
water intake without causing hyper- 
voluma and, as far as competition between 
the two books goes, the winner seems to be 
Cambridge smce 1ts University Press 1s the 
publisher of both. O 


M Ian Phillips ıs Chairman of the Department 
of Physiology at the University of Florida, 
Gainesville 


Genes through the looking glass 


P.H. Williams 


Gene Function E coli and Its Heritable 
Elements. By Robert E. Glass Pp 487 
Hbk ISBN 0-7099-0081-3; pbk ISBN 
0-7099-0082-1 (Croom Heim/University 
of Cahfornia Press 1982) Hbk £19 95, 
$45 60, pbk £9 95, $22 80 


WHEN, several years ago, I embarked upon 
post-graduate research in microbial 
genetics, the pre-eminent textbook of the 
field was The Genetics of Bacteria and their 
Viruses by Wiliam Hayes To a newcomer 
like myself, Hayes was indispensable, 
offering all there was to know about 
molecular genetics in an authoritative, 
well-referenced, easily readable package It 
was with great regret that I watched that 
book drift slowly, but mevitably, out of 
date 

Gene Function by Robert Glass 1s, to use 
Hayes’s description of his own work, ‘‘a 
rather advanced text book’’ It covers 
much the same ground as Hayes, and ts 
aimed at the same type of audience, namely 
at advanced undergraduates, and at 
researchers ın the field at every level. Only a 
few authors since Hayes have successfully 
abridged the monumental mass of 
Escherichia colt research into a single 
informative but highly readable volume In 
my opinion Robert Glass has made a 
creditable attempt 

Gene Function, however, 1s not merely 
Hayes updated Over and above the 
incorporation of the wealth of knowledge 
accumulated over a decade and a half, 
Glass’s book has an entirely different 
viewpoint which reflects the backgrounds 
and attitudes of those who have more 
recently entered and contributed to the 
field Hayes began his book with an 
introduction to genetic principles, and then 
developed the theme of bacteria and 
bacteriophage as genetic systems Glass, on 
the other hand, writes as a biochemist, 
beginning with an overview of the structure 
and biological role of nucleic acids at the 
molecular level (or rather a preview, since 
these are covered in detail later), before 
outhning elements of microbial physiology 
and metabolism essential to a full 
comprehension of experimental methods 

In the preface to his book the author 
thanks a colleague for ‘‘a ‘sensible’ title” 
Itisa little surprising that a volume devoted 
exclusively to one organism should 
presume to claim for itself the title Gene 
Function However, this book 1s about 
genes and the way they function ın that 
particularly convenient little bag known as 
E. coli — simple genes, perhaps, organized 
and regulated differently from those of 
eukaryotes, certainly, but the strong 
implication is that knowledge of the 
molecular wonderland of E coli genes will 
form a firm basis for the study of genes 1n 
any other organism Nonetheless, the title 
still worries me a little. 


Gene Function 1s well researched, 
adequately referenced and nicely balanced 
in terms of breadth of material and depth 
of detail. In general ıt is clearly written, 
although extensive cross-referencing tends 
to destroy the reader’s train of thought at 
times The frequent use of footnotes and 
parentheses in the text irritated me 
somewhat, and I confess that I found the 
index almost impossible to use However, 
these are quite minor quibbles, and, except 
for the last point, did not seriously detract 
from my enjoyment of the book. Gene 
Function may not, perhaps, be as fondly 
remembered 15 years hence as Hayes’s 
book 1s now, but there 1s no doubt that it 1s 
an important and useful addition to the 
book-shelves of today’s molecular 
geneticists I hope it can be regularly 
updated without losing any of the evident 
enthusiasm of tts author. ag 


P H Williams ts a Lecturer in the Department 
of Genetics at the University of Letcester 


Space-time through 
time 
Paul Davies 


The Science of Space-Time By Derek J 
Raine and Michael Heller Pp 255 ISBN 
0-912918-12-8 (Pachart Publishing, 
Tucson, Arizona. 1981.) $24. 


Ir IS curious the way that certam ideas and 
concepts in science exercise a wide and 
seemingly disproportionate fascination. 
These include the measurement paradoxes 
of quantum theory, and the ongin of time’s 
mysterious ‘‘arrow’’ Another 1s Mach’s 
principle Scientists return to 1t again and 
again Now, for the first time, a compre- 
hensive treatment of Mach’s principle 1s 
available in a book that can be profitably 
read by those with only a basic knowledge 
of space-time physics 

The basic idea of Mach’s pnnciple1s that 
the property of mertia in a material body 
has its origin in cosmology A rotating 
planet, for example, feels centrifugal 
stresses and bulges at the equator But vis- 
ually the Earth’s rotation 1s deduced by 
‘‘watching the stars go round” So, are 
these two radically different phenomena — 
the experience of centrifugal bulging and 
the whirling of the stars — in some way 
connected? Are rotations (and other types 
of accelerated motions) purely relative to 
the background framework of far-flung 
galaxies? 

Emstein at first thought so, and Mach’s 
work deeply influenced his development of 
the theory of relativity In 1916, on Mach’s 





Circle No 35 on Reader Service Card 


346 


The Biology of the 
Coccidia 


Edited by Peter L. Long 


The Biology of the Coccrdia is 

the updated version of The 
Cocerdta edited by the late Dr 
Hammond and Dr Long Since the 
publication of the first edition there 
has been much new research on 
this group of parasites including 
the discovery that some species are 
parasites of man as well as other 
animals ‘This book has been 
thoroughly revised and includes a 
new chapter on chemotherapy and 
new detauls of life cycles of several 
species of Sarcocystis and 
Toxoplasma There are several 
new contributors The contributors 
are all leading authorities in the 
field 

£45 boards 512 pages 

Publication May 


Plant Growth Curves 


A functional approach to plant 
growth analysis 


Roderick Hunt 


A review of the theory, practice 
and applications of the use of fitted 
mathematical functions ın plant 
growth analysis ‘The approach 
taken 1s very broad and includes 
an extended coverage of the 
philosophical and scientific links 
between this topic and related 
fields of activity in plant science 
£8 75 paper 240 pages 
Publication June 


Optima for Animals 
R McNeill Alexander 


Optimization theory 1s the branch 
of mathematics concerned with 
finding those structures and 
behaviours that are in some sense 
the best possible, and 1s therefore a 
very appropriate tool for trying to 
discover why animals have evolved 
in particular ways 

£5 25 paper 120 pages 

Publication June 


D Edward Arnold 
41 Bedford Square 


London WC1B 3DQ 


death, Einstein wrote a tribute to him But 
in spite of this Machian input, a clear-cut 
manifestation of Mach’s principle failed to 
emerge In any very obvious way from rela- 
tivity theory Over the decades, many theo- 
retical physicists have struggled to find 
formulations of Mach’s principle that 
would mesh easily with either the theory of 
relativity, or some close variant Itis a task 
as yet unfinished, but it remains as 
compelling as ever At issue 1s one of the 
fundamental properties of space-time 
structure, and the nature of motion 

This timely and most welcome book con- 
tains a discussion of the evolution of the 
space-time concept from Aristotle to 
Einstein (and beyond), and presents a 
detailed and up-to-date analysis of Mach’s 
principle in a modern setting The authors 
conclude that ‘‘At best, Mach’s principle 
has been expressed ın general relativity as a 
selection rule To go beyond this one 
may have to give up general relativity”? 

However, this book 1s far from a 
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catalogue of failures It 1s a comprehensive 
and accurate survey of the physics of space 
and time and of the philosophical 
overtones which accompany it. The theory 
of relativity, both the special and general 
versions, obviously plays a central role in 
these ideas, and the reader will find dis- 
cussions of black holes and details of 
gravitation experiments as well as a careful 
introduction to the more elementary 
aspects of space-time structure 

Mach’s principle ıs an intriguing context 
in which to learn relativity and space-time 
physics, as well as an end in itself I can 
thoroughly recommend this book to 
undergraduates learning general relativity, 
as well as to researchers who share the 
authors’ fascination with one of science’s 
age-old mysteries o 


Paul Davies is Professor of Theoretical Physics 


at the University of Newcastle upon Tyne His 
most recent book (with ND Birrell) is 
Quantum Fields in Curved Space (Cambridge 
University Press, 1982) 


The mixed blessing: oxygen in biology 


Barry Halliwell 


Oxygen and Living Processes An 


Interdisciplinary Approach Edited by 
Daniel L Gilbert Pp 401 ISBN 
3-540-90554-5/0-387-90554-5 (Springer- 
Verlag. 1981 ) DM135, $61 40 


THs colourless, odourless gas 1s an 
extreme fire hazard and 1s very toxic to 
some organisms at minute concentrations 
Its toxicity to human beings 1s much 
slower-acting, but nevertheless over a 
period of many years it produces a 
progressive oxidative deterioration that 
results inevitably ın death Only the swim- 
bladders of certain fishes can tolerate it at 
high concentrations, although turtles and 
crocodiles are fairly resistant to its toxic 
effects unless they are placed in warm 
water 

The above description, using 
information taken from this book, applies 
of course, to oxygen Oxygen 1s essential 
for efficient energy production by 
oxidation of foodstuffs in aerobic animals, 
but only its peculiar chemistry protects us 
from instant ‘‘spontaneous’’ combustion 
The same chemistry dictates that the 
oxygen reduction accompanying substrate 
oxidation must proceed via partially 
reduced oxygen intermediates on the 
pathway to water Such intermediates as 
superoxide and hydroxyl radical are 
particularly noxious and so aerobic cells 
are equipped with many defences against 
them, including superoxide dismutase, 
catalase, glutathione and/or ascorbate 
peroxidases and vitamin E The 
cytochrome oxidase complex of 
mitochondnia 1s carefully designed not to 
allow the escape of such intermediates 
from its active site 


As its title declares, this book ıs indeed 
an interdisciplinary approach to oxygen 
All of the items I have mentioned are 
covered in detail, and in addition there are 
chapters on photosynthetic oxygen 
production, the geological history of the 
oxygen in the Earth’s atmosphere, oxygen- 
carrying pigments, kinetics of oxygen 
diffusion, the history of the discovery of 
oxygen, and the medical uses (and abuses) 
of the gas, covering blindness in babies, 
pulmonary oxygen toxicity and 
hyperoxygenation ın the treatment of gas 
gangrene and cancer of the head and neck 
The contributions are well-written, all of 
them by experts in specific fields, and the 
book has been produced ın an attractive 
style with the minum of errors 

I do have some minor niggles, however 
Much of Chapter 1, a history of the 
discovery of oxygen, 1s merely an over- 
condensed — and rather boring — list of 
names and dates, for example, it 1s 
impossible to do justice to the complex 
physiology expounded by Galen in a few 
lines In Chapter 6, on photosynthesis, I 
doubt whether non-biologists will really 
understand what exactly are photosystem 
I, photosystem IJ and Q In addition, the 
order of the chapters 1s sometimes a bit 
illogical 

These comments are not meant to 
detract from what 1s an excellent book Itis 
truly ‘‘everything you wanted to know 
about oxygen, but didn’t know whom to 
ask”? O 


Barry Halliwell ts a Lecturer in Biochemistry at 
King’s College, University of London, and 
author of Chloroplast Metabolism (Clarendon/ 
Oxford University Press, 1981) 
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Awards 


The French National Order of the Legion 
of Honor has been awarded to University 
of California, San Francisco clinical 
professor Piero Mustacchi for 25 years of 
prominence in professional activity, ın par- 
ticular for developing academic and 
medical links between the University of 
Cahfornia and universities ın France and 
French-speaking Africa 


Professor William H. Thorpe (University 
of Cambridge) has been presented with the 
annual prize of the Fyssen Foundation for 
his research ın animal behaviour 


Dr Prescott L. Demunger (Louisiana State 
University Medical Center in New Orleans) 
and Dr Jeffrey W. Williams (Ohio State 
University) have been selected to receive 
the Boehringer Mannheim Biochemicals 
travel awards in molecular biology and ın 
enzymology 


The British Society of Rheology has 
awarded its annual award to Professor 
Joachim Meissner, Dr Hans Martin Laun, 
Dr Helmut Munstedt and Dr Manfred 
Wagner for work in the development of 
elongational rheometry 


Five prizes have been awarded to young 
Wiezmann Institute scientists the Somach 
Sachs Memorial Award to Dr Itamar 
Procaccia for studies on rates of chemical 
reaction near phase transition points, the 
Sarah Zinder Leedy Memorial Award to 
Dr Gideon Schechtman for work on geo- 
metric structure of Banach spaces, the 
Samuel Yaroslavsky Memonal Award to Dr 
Abraham Shanzer for work on synthesis of 
large, ring-shaped organic materials, the 
ED Bergmann Award to Dr Michael 
Levitt for studies of conformation and 
structure of macro-molelcules, the M 

Levinson Prize to Dr Mordechai Milgrom 
for work on emission of spectral lines with 
changing wavelengths by the astronomical 
object SS 433 


Twenty Harkness Fellowships tenable for 
between 12 and 21 months are offered each 
year The award includes return fares to the 
United States, living and family 
allowances, travel in America, tuition and 
research expenses, equipment allowance 
and health insurance Candidacy ıs open to 
men and women ın any profession or field 
of study, who are citizens of the UK and 
have received both secondary schooling 
and further education (or equivalent 
professional experience in heu of further 
education) wholly or mainly in the UK 
Candidates must be between 21 and 30 
years of age on 1 September 1983, unless 
qualified ın medicine or employed ın the 
Civil Service or the media, ın which cases 
the upper age Imit 1s 33 For application 
forms (available only to candidates) send a 


self-addressed envelope carrying 29p 
postage, and measuring not less than 10 by 7 
inches, to The Harkness Fellowships (UK), 
Harkness House, 38 Upper Brook Street, 
London W1Y IPE Forms will not be posted 
from the office after 7 October, 1982 


In recognition of his contributions to the 
understanding of the meaning of 
evolution, the history of life, animal 
taxonomy and mammalan systematics, 
The Peabody Museum of Natural History, 
Yale University has established the George 
Gaylord Simpson Prize ın celebration of 
his 80th birthday, 16 June 1982 The prize 
will be presented annually by the Peabody 
Museum to a young author (under 35) ofan 
outstanding paper in the above areas of 
science Applications to the Director, 
Peabody Museum of Natural History c/o 
Yale University, PO Box 6666, 170 
Whitney Ave, New Haven, Conn- 
ecticutt 06511, USA by 31 December 1982 


Appointments 


The National Academy of Sciences has 
announced the election of the following 
foreign associates Nicola Cabibbo 
(theoretical physics, University of Rome), 
Shmuel Eisenstadt (sociology, Hebrew 
University of Jerusalem), Paul Frasse 
(experimental psychology, University of 
Pans V), Mananne Grunberg-Manago 
(CNRS, Paris, and biochemistry, 
University of Paris VII), Hua Luogeng 
(mathematics, Chinese Academy of 
Sciences), Hya Mikhailovich Lifshitz 
(theoretical department, Institute for 
Physical Problems, Moscow), Jacques 
F.A.P. Miller (experimental pathology, 
The Walter and Eliza Hall Institute of 
Medical Research, Melbourne); Martin J. 
Rees, (theoretical astronomy, University 
of Cambridge), Ralph Riley, (Agricultural 
Research Council of the UK); John 
Maynard Smith (biology, University of 
Sussex), Takashi Sugimura (molecular 
biology, Tokyo Unversity); Tsuneo 
Tomita medicine, Keio University, 
Tokyo) 


Professor Emanuel Mazor, has been 
named as the first incumbent of the Frank 
W Considine Chair in Hydrological 
Research at the Weizmann Institute of 
Science, Rehovot 


Paul C. Martin will occupy the newly 
established chair at Harvard University 
the John Hasbrouck Van Vleck 
Professorship of Pure and Applied 
Physics 


Dr Wilham Taylor present director of the 
University of London Institute of 
Education has been appointed principal of 
the University of London from 1 
September 1983 ın succession to Mr J R 

Stewart who will be retiring 


Meetings 

21-24 June, Environment 82, Stockholm 
(Environment 82, Ministry of Agriculture, 
§-103 33 Stockholm, Sweden) 

28 June-2 July, Meeting on The Monsoon 
Climate Programme, Geneva (WMO 
Secretariat, Geneva, Switzerland) 

28-30 June, Nordic Congress of 
Pathological Anatomy and Cytology, 
Copenhagen (NOPAC ’82 Secretariat, 
Institutterne, Frederik den V’s ve} 11, 
DK-2100 Copenhagen O, Denmark) 

29 June, Design and Safety of the Sizewell 
Reactor, London (The Royal Society, 6 
Carlton House Terrace, London SW1, 
UK) 

29-30 June, Food and People, London 
(The Secretary BNF, 15 Belgrave Square, 
London SW1, UK) 

30 June, Energy Conservation, Economic 
Growth, and Employment, London 
(Centre for Energy Studies, Polytechnic of 
the South Bank, Borough Rd, SE1, UK) 
30 June-1 July, Trace Elements in Animal 
Production and Vetinary Practice, York 
(BVA, 7 Mansfield St, London W1, UK) 
28 June-2 July, Biomedical Writing, 
Harvard (Office of Continuing Education, 
Harvard School of Public Health, 677 
Huntington Ave, Boston, Massachusetts 
02115, USA) 

5-7 July, Distributed Computing Systems, 
Strathclyde (Mr F Chambers, Logica, 64 
Newman St, London W1, UK) 

5-9 July, Concrete Mix Design, London 
(Cement and Concrete Association, 
Fulmer Grange, Fulmer, Slough, UK) 

6-9 July, North Atlantic Ocean Stations, 
Geneva (World Weather Watch Dept, 
WMO, Geneva, Switzerland) 


8-9 July, Physical Techniques in 
Cardiological Imaging, Southampton (Dr 
M D Short, Dept of Medical Physics, 
University College Hospital, London 
WCli, UK) 

9-10 July, Genetics Cancer—Environ- 
ment, Monaco (Institut Pasteur de Lyon, 
77 rue Pasteur, 69365 Lyon Cedex 2, 
France) 


12-16 July, Environment and Safety Risk 
Management, Massachusetts (Director of 
the Summer Session, Room E19-356, MIT, 
Cambridge, Massachusetts 02139, USA) 
13-16 July, Proteins and Nucleic Acids in 
Plant Systematics, Bayreuth (Prof Dr U 
Jensen, Dept of Plant Ecology and 
Systematics, University of Bayreuth, PO 
Box 3008-D-8580 Bayreuth, FRG) 

14-15 July, Quantatitive Structure Activity 
Relationships in Taste and Olfaction, 
Reading (Dr M G Lindley, Tate & Lyle 
Group R & D, PO Box 68, Whiteknights, 
Reading, UK) 

14-16 July, Ions, Cell Proliferation and 
Cancer, Lake Placid (Dr W L McKeehan, 
W A Jones Cell Science Center, Old Barn 
Rd, Lake Placid, New York 12946, USA) 
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15-16 July, Climatic Effects of Increasing 
Atmospheric Carbon Dioxide, East Angla 
(Dr T M L. Wigley, Climatic Research 
Unit, University of East Angha, Norwich, 
Norfolk, UK) 

19-23 July, Basic Cell and Organ Culture 
Course, Boston (Course Administrator, 

Cell Culture Research Unit, Dept of 
Anatomy and Cellular Biology, Tufts 
University School of Medicine, Boston, 
Massachusetts 02111, UK) 

19-22 July, Computer Aided Design and 
Manufacture, Manchester (S Mayhew, 
Scientific and Technical Studies, Norwich 
House, 11/13 Norwich St, London EC4, 
UK) 

20-22 July, Fetal Antigens and Cancer, 
London (The Ciba Foundation, 41 
Portland Place, London W1, UK) 

23-24 July, Immune Complexes: 
Formation, Biological Properties and 
Clunical Aspects, Nottingham (Dr W G., 
Reeves, Dept of Immunology, University 
Hospital, Nottingham, UK) 

10 August, Milestones and Trends in 
Polymer Science, Michigan (Dr J K Rieke, 
Chemical Company, Midland, Michigan 
48640, USA) 

23-28 August, Stress Effects on 
Photosynthesis, Diepenbeck (Dr R 

‘Marcelle, Laboratory of Plant Physiology, 
‘Research Station of Gorsem, B-3800 Sint 
Truiden, Belgium) 

23-27 August, 9th Annual European 
‘Geophysical Society Meeting, Leeds 
(Royal Meteorological Society, James 
Glaisher House, Grenville Place, 
‘Bracknell, Berks, UK) 

23-26 August, Powder Mixing 
Technology, Central New Jersey (The 
‘Center for Professional Advancement, PO 
Box H, East Brunswick, New Jersey 
1088 16-0257, USA) 

29 August-4 September, 21st International 
‘Horticultural Congress, Hamburg 
(Hamburg Messe und Congress Gmbh 
Abt. Offentlichkeitsarbeit, Postfach 30 23 
60, 2000 Hamburg 36, FRG) 

20-24 September, Molecular Crystal Sym- 
‘posium, Quebec (D Chartrand, National 
Research Council Canada, Ottawa, 
‘Canada KIA OR6) 

21-23 September, Radiation Curing, 
Ulmo (S Buhr,Technical Activities Dept, 
Society of Manufacturing Engineers, 1 
‘SME Drive, PO Box 930, Dearborn, 
‘Michigan 48128, USA) 

‘21-24 September, Ceramic-Metal Jomung, 
Amsterdam (The Center for Professional 
Advancement, Postbus 19865, 1000 GW 
Amsterdam, The Netherlands) 

21-24 September, Pteridines and Folic 
Acid Derivatives, St Andrews (Prof 
HCS Wood, Dept of Pure and Applied 
Chenustry, University of Strathclyde, 295 
Cathedral St, Glasgow, UK) 

21-24 September, Wind Energy Systems, 
Stockholm (BHRA Fluid Engineering, 
Cranfield, Bedford, UK) 

21-25 September, British Vetermary 
Association, Centenary Congress, Reading 
(BVA, 7 Mansfield St, London W1, OK) 


' 22-24 September, 601st Meetrag of The 


Biochemical Society, Aberdeen (The 
Meetings Officer, The Biochemical 
Society, 7 Warwick Court, London WC, 
UK) 

22-26 September, Biophysical Aspects of 
Receptor Structure and Function, 
Portorose (Prof. D. Hadzi, Bopis Kaidric 
Institute of Chemistry, POB 380, 61001 
Ljubljana, Yugoslavia) 

23 September, Fluids in Metamorphism, 
Glasgow (Dr M. Brown, Dept of Geology 
and Physical Sciences, Oxford Poly- 
technic, Oxon, UK) 

23-24 September, Choice of Maternal for 
Condenser Tubes and Plates and Tube and 
Tightness Testing, Avignon (Societe 
Francaise D’Energie Nucleaire, 48 rue dela 
Procession, F-75724 Paris, Cedex 15, 
France) 

27 September-1 October, 1st International 
Congress of Neurommmunology, Lake 
Maggiore (Dr PO Behan, Institute of 
Neurological Sciences, Southern General 
Hospital, 1345 Govan Rd, Glasgow, UK) 
28-30 September, The Geological Evo- 
lution of the Eastern Mediterranean, Edin- 
burgh (Dr A,H F Robertson, University 
of Edinburgh, Grant Institute of Geology, 
West Mains Rd, Edinburgh, UK) 

27 September-1 October, Physical 
Chemistry of Transmembrane Ion 
Motions, Paris (Dr C Troyanowsky, 
Societe de Chimie Physique, 10, rue 
Vauquelin, F75321 Paris, Cedex 05, 
France) 

28-29 September, Particle-Fluid Separ- 
ation in Offshore Engineering, Middles- 
borough (Dr GS Bainbridge, Dept of 
Chemical Engineering, Teesside Poly- 
techmic, Borough Rd, Middlesborough, 
Cleveland, UK) 

29 September-1 October, Biotechnology m 
Chnical Chemistry, Cambridge (Dr C P. 
Price, Dept of Clinical Biochemustry, 
Addenbrooke’s Hospital, Hills Rd, Cam- 
bridge, UK) 

30 September-2 October, Deburring and 
Surface Conditioning, New Orleans (J 
Slaughter, SME, 1 SME Drive, PO Box 
930, Dearborn, Michigan 48128, USA) 
4-6 October, Technology for Space Astro- 
physics — The Next 30 years, Danbury (N 
Geril, Perkin-Elmer Corp, 100 Wooster 
Heights Rd, Danbury, Connecticut 06810, 
USA) 

4-7 October, Hormones and Cell Regula- 
tion, Alsace (Dr R Denton, Dept of Bio- 
chemistry, University of Bristol, Medical 
School, Bristol, UK) 

5-8 October, Leaf Protein Research, 
Aurangabad, (Dr N Singh, Central Food 
Technological Research Institute, Mysore 
570 013, India) 

6-8 October, The Chemical Industry and 
the Environment in the 1980s, London 
(Society of Chemical Industry, 14 Belgrave 
Square, London SW1, UK) 

12 October, Radiological Protection and 
Home Defence, London (Prof JH. 
Martin, Dept of Medical Biophysics, 
Dundee University, Dundee, UK). 


13-15 October, Energy: Money, Materials 
and Engineering, London (The Institution 
of Chemical Engineers, George E Davis 
Building, 165-171 Railway Terrace, 
Rugby, UK) 


17-22 October, Congress of Allergology 7} 


and Clinical Immunology, London 
(XILACACI, Conference Associates ICACI, 
34 Stanford Rd, London W8, UK) 


18-20 October, New Spectroscopic 
Methods for Biomedical Research, 
Columbus, (K L. Warte, Batelle’s 
Columbus Laboratones, 505 King Ave, 
Columbus, Ohio 43201, USA) 


18-20 October, Radar ’82, London (The 
Institution of Electrical Engimeers, Savoy 
Place, London WC2, UK) 


24-28 October, 14th Meeting of the 
European Tumor Virus Group, Bulgaria 
(Dr T G Todorov, Bulganan Academy of 
Sciences, Inst. of General and Comparative 
Pathology, Acad, G Bonchevstr Blok III, 
Sofia 1113, Bulgaria). 


26-28 October, Medical Imaging and 
Image Interpretation, Berlin (Dr M.H 
Loew, Dept of Electrical Engineering and 
Computer Science, George Washington 
University, Washington DC 20052, USA) 


26-28 October, Polynuclear Aromatic 
Hydrocarbons, Columbus (Dr M Cooke, 
Battelle’s Columbus Laboratories, 505 
King Ave, Columbus, Ohio 43201, USA) 


29-31 October, 3rd General Meeting of the 
American Pain Society, Miami (K L 
Casey, Chief Neurology Service, VA 
Medical Center, 2215 Fuller Rd, Ann 
Arbor, Michigan 48105, USA) 


31 October-2 November, The Society for 
Environmental Geochemistry and Health, 
ist Annual Scientific Meeting, North 
Carolina (C Harnngton, Dept of Surgery, 
School of Medicine, East Carolina 
University, Greenville, North Carolina 
27834, USA) 


1-5 November, 
Radiation on Plants, Delhi (Prof LO 
Bjorn, Dept of Plant Physiology, Box 
7007, S-220 07 Lund, Sweden) 


7-10 November, Woodlands Conference 
on Sustainable Societies, Texas (The 
Woodlands Conference, PO Box 9663, 
Arhngton, Virginia 22209, USA) 

8-10 November, Applications of 
Accelerators in Research and Industry, 
Texas (J L Duggan, Dept of Physics, PO 
Box 5368, North Texas State University, 
Denton, Texas 76203, USA) 

7-10 November, ist International 
Workshop on Human Leucocyte 
Differentiation Antigens, Pans (Dr A 


Bernard, Hépital Saint-Loois, 2 Place du , 


Docteur Fournier, 75475 Paris, Cedex 10, 
France) 

16-19 November, Applications of 
Biological Markers to Carcinogen Testing, 
Bethesda (The Council for Research 
Planning 1n Biological Sciences, Inc c/o 
Associated Universities, Inc 1717 
Massachusetts, NW 603, Washington DC 
20036-2077, USA) 
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'Squabbles over East-West pipeline 


The Soviet plan to build a huge pipeline for natural gas for customers in Western Europe has irked the 
United States Administration. But Washington's fears are exaggerated. 


The Western economic summit that opens tomorrow (4 June) 
at Versailles 1s likely to be more than usually contentious 
President Ronald Reagan, one of the several first-time 
participants at these occasions, 1s unlikely to find the meeting 
congenial, 1f only because the United States will find itself 
hemmed firmly mto a corner about its distinctive (some say 
eccentric) economic policy, a cumous blend of Keynes and 
Friedman whose chief external effect 1s to keep international 
interest rates so high that economic recovery will be impeded 
(The Prime Minster of Japan, Mr Zenko Suzuki, will, on the 
other hand, be pilloned for what he may fairly claim 1s a 
paradoxical reason — interest rates notwithstandmg, Japan has 
been too successful ) But when the going gets rough, the United 
States will reply with its now long-standing complaint that 
Western Europe should not be preparing to buy natural gas from 
the Soviet Union This issue, about which Washington has been 
sucking its teeth off and on for the best part of a year, 1s without 
doubt important But not ın the sense in which the United States 
appears to believe 

The issue exists because of the discovery of substantial reserves 
of natural gas in the Soviet Urengoi field, ın the southern Urals 
The plan is to ship large quantities of this gas westwards towards 
Europe (East and West) by means of a huge pipeline on which 
construction 1s about to start West Germany, France and 
Switzerland have already signed contracts to purchase natural gas 
over the next thirty years orso American objections to European 
involvement in this scheme take three forms First, the argument 
goes, Western European dependence on natural gas from the 
Soviet Union will undermine its strategic independence Second, 
the method by which the pipeline will be financed, with the 
eventual customers providing credits for the construction, bemg 
repaid with gas at a later stage, makes ıt possible for the Soviet 
Union to avoid what would otherwise be a nasty brush with the 
international capital markets And, third, some of the heavy pipe- 
laying machinery to be used 1n the construction of the pipeline will 
provide the Soviet Union with access to Western technology in a 
fashion that will ultimately rebound to 1ts strategic and military 
advantage 

On all three counts, the fears, while not groundless, are 
exaggerated The most obvious danger is that Western European 
states which come to depend on Soviet gas supplies will then be 
uncomfortably in Soviet hands if, at some point in the future, the 
Soviet Union should decide arbitrarily to turn off the taps The 
Soviet Union has, however, an enviable record for acting 
meticulously in the performance of commercial contracts, so that 
fears of strategic vulnerability presumably attach to the 
hypothesis that there might one day be a European war in which 
the Soviet Union was at loggerheads with its customers Then, no 
doubt, the gas would be cut off but that would not bring any of the 
intending customers to its knees (although the war might) In no 

. case is the amount of gas being purchased more than five per cent 
of the customer’s use of energy, while the arrangements that 
prudent gas consumers will make to insure against a mechanical 
failure of the pipeline would no doubt also allow them to get by if 
hostilities should break out Thus the chief strategic significance 
of the pipeline 1s that ıt would shorten the period of time during 
which Western Europe could fight a conventional war in Europe, 
and thus quicken the trigger of nuclear escalation But this 1s 
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entirely in conformity with the military strategy of Western 
Europe, not entirely welcome to the Soviet Union 

What the United States objections to the pipeline project 
overlook 1s the value to Western Europe of asupply of fuel which, 
although not dominant in the energy strategy of any potential 
customer, is at once relatively cheap and also secure Not often, 
these days, can people hope to get their hands on a supply of 
energy over a period of three decades And even the method by 
which the project 1s being financed, requiring that the customers 
should somehow help with the cost of construction, 1s not the 
simple gift it is made out to be For who among the West German 
steelmakers and their workers, who are supplying pipes, or in the 
French companies from whom turbines have been ordered, will 
complain at the extra work thats falling ın their laps? But sit not 
against the interest of the West that European states should make 
deals with the Soviet Union whose effects are to make the Soviet 
Union economically stronger? This 1s the unspoken question 
embedded ın the American objection The difficulty, of course, 1s 
that trade deals willingly arrived at do invariably benefit all 
partners One of the continuing and deep-seated differences 
between the United States Administration and many 
governments of Western Europe turns on the European view that 
an economically healthy Soviet Union is a better neighbour than 
one perpetually on its knees 

The transfer of technology ıs ın much the same case 
Knowledge of how huge pipe-laying machinery works would no 
doubt be an advantage to the Soviet Union in the development of 
some of its remote fields of oil and gas, but that does not by itself 
imply that the world becomes a more dangerous place The more 
serious of the United States’ objections to what 1s proposed, 
however, 1s the decision that some of the high-capacity 
compressor turbines to be installed in the pipeline embody 
technology that could be of military value This appears to be the 
reason why General Electric, the United States manufacturer, has 
asked its French licensee not to accept orders for the pipeline 
project The decision is unlikely to make sense, for the same 
equipment can readily be had from elsewhere, for which reason it 
1s hard to think it can be of crucial military value But in any case, 
if President Reagan should give the pipeline project an airing 1n 
Versailles, he ıs likely to find M Francois Mitterrand, the 
President of France, taking a sharp but understandable line about 
the turbines — and the underlying principle 


Where now for UNEP? 


On its tenth birthday the United Nations 
programme for the environment ts stumbling. 


The United Nations Environment Programme (UNEP), the 
principal offspring of the environmental jamboree at Stockholm 
in 1972 and achild of the 1960s, ıs ın another bout of trouble This 
week, the governing council of UNEP concluded its annual 
meeting in Nairobi, where it considered —- among other things — 
the budget for the next two years Predictably, there was a lot of 
heat and little light, but at least no delegation threatened to 
withdraw 

The budget ts a constant worry, principally because of wavering 
by the United States, which has contributed $7 million a year since 
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1973, more than a third of the total programme cost Last year’s 
fear that the United States would contribute nothing at all did not 
materialize The State Department offer of $2 2 million was 
increased by Congress to $7 85 million — but UNEP ıs stull 
waiting forthe cheque This year, the Administration’s offer is $3 
milion, but Congress may again vote more Whatever happens, 
and in spite of the surprise decision of the British government to 
increase 1fs contribution by a quarter, UNEP’s hope of doubling 
its budget ($17 million ın 1981) now seems a dream So too must 
seem the first five years, when UNEP raised $60 million out of its 
target of $100 million within just a few months The peak budget 
($21 million) was in 1977, since when, ın spite of solid support 
from Scandinavia and the Netherlands, UNEP has gone downhill 
in strictly financial terms 

In part, this 1s a negative consequence of the developing 
countries’ growing attention to UNEP asa source of development 
aid One of UNEP’s more successful exercises, the regional seas 
programme, began with Mediterranean pollution (which stems 
mostly from the French Rhône, Itahan Po and Spanish Ebro 
rivers) but has now shifted to more southern seas This shift of 
attention 1s not just a UNEP quirk The environmental impact of 
poverty looms over that of affluence Growth 1s in fact faster in 
some countries of the developing world than ın the ‘‘North’’, and 
where industrial development takes place, it 1s often without 
controls The air of Calcutta 1s now as bad as that of London in 
the smogs of the early 1950s, while London has clean air 

Yet the Stockholm conference did not plan UNEP’s $20 
million a year to be an environmental action fund for the UN 
Rather, Stockholm saw UNEP as a coordinating agency within 
the UN system, drawing together and rationalizing the actions of 
the other UN agencies But the UN agencies — as always — 
proved jealous of their powers Moreover, the governing council 
of UNEP, which represents subscribing nations, ended up dealing 
almost exclusively with UNEP’s small direct programme and 
budget, ignoring the wider role recommended by Stockholm 

In the event, UNEP’s programme comes to rest mainly on the 
Global Environment Monitoring System (GEMS), Infoterra 
(UNEP’s formation system), the International Register of 
Potentially Toxic Chemicals (IRPTC), and the Regional Seas 
Programme 

The two last are generally thought to be the most successful 
They are based ın Geneva, which gives them better relations with 
the other UN agencies (through the strong UN presence there), 
and they also happen to be headed by active and committed 
people Dutch biologist Jan Huismans for IRPTC, and Yugoslav 
marine biologist Stjepan Keckes for Regional Seas IRPTC 1s on 
the point of producing its first batch of complete data profiles of 
330 chemicals of environmental significance — but ıt has been 
severely hampered by a halving of 1ts budget (It relies now on 
Huismans, an assistant, and a secretary ) Regional Seas 1s a httle 
bigger (it has a professional staff of sıx), has fared better for 
funding with UNEP, and has scored a number of remarkable 
successes ın the form of treaties controlling the pollution of 
coastal waters, notably the ‘Athens protocol’’ on land-based 
sources affecting the Mediterranean One reason for this success 
has been Keckes’ decision to rely on local scientists —— who often 
must be trained first — to assess pollution in an area, on the 
principle that governments are more willing to act on advice from 
their own scientists than on that of a fly-by-night international 
team The programme ıs now working on eight other regional seas 
around the world 

Of the other programmes, GEMS — the global monitoring 
exercise recommended by Stockholm — has suffered from lack of 
resources A “‘colossal effort’’ ıs needed to strengthen this, says 
UNEP ın a recent publication But an independent expert review 
of the 1972-82 decade, commussioned by UNEP, says that ‘‘even 
an imperfect series of environmental statistics would be an 
improvement on present ignorance’? * And Infoterra, the 
information system, 1s barely used 


* See The World Environment 1972-82, edited by Martin Holdgate and others 
(Tycoly International, Dublin, 1982) 
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UNEP’s work on deserts — another great Stockholm concern 
— has also achieved little, not so much because of UNEP as 
because industrialized states have not wished to pay The UN 
Conference on Desertification held in Nairobi ın 1977 produced 
good scientific papers and a plan of action, but the UN special 
account to combat desertification, set up after the conference, has 
remained almost empty By the end of 1981 total contributions 
stood at $5,000, all from a single contributor, Mexico 

This 1s not the sum of UNEP efforts, however It can cite work 
on souls and pest control, its role in the World Conservation 
Strategy, which is seen as one of the successes of 1970s 
environmental management, reports on the impact of energy 
technologies, and a conference on renewables, its task force on 
pollution and human health (together with the World Health 
Organization), 1ts promotion of a series of expert meetings on the 
preservation of tropical forests, mternational monitoring 
schemes for acid rain, and pollutants ın food and fresh water The 
snag 1s that this part of UNEP’s work 1s too much of a miscellany 
to make a mark 

What next for UNEP? Apart from the cash problem, UNEP 1s 
concerned with defining its programme for the rest of the decade 
For the first time, the major UN agencies have got together to 
define a joint policy the ‘‘System-wide Medium-term 
Environment Programme’? (SWMTEP) which covers the period 
1984-89 But UNEP played little part in developing ıt, and ıt has 
been described as bland and highly generalized However, ıt 
distinguishes the roles that the different agencies should play, 
even if ıt is short on recommendations for specific action And it 
may help UNEP find its way through the UN thicket rather better 
than it did m the 1970s or it will, if this week’s governing council 
gives UNEP the necessary backing 


Universities in limbo 


The British government’s wish to save money on 


universities is forgivable; its way of doing so is not. 


British universities now know that there will be no reprieve 
from the fate decreed for them by a thoughtless government The 
announcement last week by the University Grants Committee 
(Nature 27 May, p 258) that university budgets for 1982-83 will 
be essentially those forecast a year ago will have dispelled hopes 
that the government might not be serious The result ıs that 
contraction must continue for another two academic years There 
are two views of what the system will then be like The government 
seems ideologically committed to the behef that leaner means 
fitter Universities will have been forced to cut what 1s called 
“fat”, and some will also have been forced to keep essential 
activities alive with help from local industry that will reduce 
demands on the public purse and be worthwhile in themselves 
What can be wrong with that, the government asks? 

Plenty, 1s the srmple answer The second and more gloomy view 
of the future starts from the observation that the contraction of 
the university system has been ordained within arbitrary 
constraints Last year’s distribution of grants and, more 
important, the assignment of targets for student populations, has 
compelled some universities to shrink more rapidly than others 
And the restrictions on student numbers mean that no university 
can hope to work its way out of trouble by being more efficient — 
taking more students Yet demand for higher education in Britain 
continues to increase, with the result that students are shunted 
arbitrarily towards other institutions, the polytechmics for 
example All this arbitrariness arises, however, not from a belief 
that restricting access to higher education 1s 1n itself virtuous but 
because the government has not had the wit to devise a scheme for y 
limiting the cost of maintenance grants for students, which are 
paid by local authorities and charged back to the central 
government 

To seek to economize 1s within the government’s gift, and may 
even be its duty To attempt to do so without solving a simple 
book-keeping problem, and while barriers persist between the two 
halves of higher education, amounts to maladministration 
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Clouds may lift over Brookhaven 


Congress moves 


“to reprieve 


-~ 


ISABELLE plan 


Washington 

ISABELLE, the new particle accelerator 
at Brookhaven National Laboratory on 
Long Island, may be saved for at least 
another year Recently, serious problems 
arose with the original magnets, 
necessitating major changes in design, and 
causing delays and a rise in the project’s 
construction cost from $275 million to $500 
million And because the troubled 
ISABELLE began taking a bigger than 
expected bite out of the US high-energy 
physics budget the question of whether ts 
finish it at all has become a burning issue 
among US physicists 

It 1s also a burning issue in Congress, 
which 1s sensitive to pleas from the Long 
Island community to rescue the big 
machine, and, by extension, the Brook- 
haven Laboratory itself The President’s 
1983 budget request included no funds for 
the construction of ISABELLE, although 
approximately $24 million was included for 
work on alternative magnets and other 
research and development projects 
Moreover, a high level panel representing 
the national physics community had just 
said that ISABELLE should not be 
finished unless the overall budget was 
increased SoISABELLE seemed doomed 

Or so it seemed until 7 May, when 
Congressman Tom Bevill (Democrat, 
Alabama), chairman of a key House 
appropriations subcommittee which has 
jurisdiction over the high-energy physics 
budget, toured the buildings at Brook- 
haven and declared himself “impressed” 
Better to see the creature, he said, than read 
about her in reports Bevill assured 
Congressman William Carney (Democrat, 
New York) that he would try to get as much 
as $10 million in construction funds added 
to the budget when it comes before his 
subcommittee Both Carney, who 
represents the Brookhaven area, and 
Thomas Downey (Democrat, New York) 
want to see ISABELLE finished almost as 
much as the scientists at Brookhaven do 

But ISABELLE has received only a 
qualified endorsement from other 
quarters Congressman Don Fuqua, 
chairman of the House Science and 


n Technology Committee which advises on 


how high-energy physics money should be 
distributed, has recommended either 
proceeding with ISABELLE or building a 
less costly machine at Brookhaven and 
using the ring tunnel already built 
Fuqua’s recommendation carries some 
welght with Congress, as his committee 
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knows as much about science as any on 
Capitol Hill Although it may be construed 
as an endorsement for ISABELLE, ın 
reality it steers carefully among the factions 
that have emerged on the question 

More guarded still was the report of a 
panel headed by George Trilling of the 
University of California at Berkeley, 
appointed to evaluate future plans for 
high-energy physics Possibilities 
considered included proceeding with 
ISABELLE, cancelling ISABELLE to 
keep other machines going at other 
laboratories, and building something else 
One of the options was a lower cost 
machine at Brookhaven, and in January 
the Trilling panel endorsed this 
recommendation when it reported to the 
High Energy Physics Advisory Panel of the 
Department of Energy Thus, the Trilling 
group’s view carries the weight of the 
community at large 

The Trilling report said that ISABELLE 
should be completed only if funds for high- 
energy physics in the future ‘‘averaged’’ 
better than the 1982 level of $395 million, 
for then ISABELLE’s increase would not 


hurt other projects However, since the 
President has requested $429 million for 
1983, which is equal to the $395 million 
level] in 1982 dollars, then, according to the 
advisory panel reasoning, ISABELLE 
should not be built 

All concerned are trying to avoid an 
outright showdown between the major US 
accelerator communities involved in the 
scramble for funding commitments for 
future big machines Theissue, they all say, 
is US leadership ın high-energy physics m 
the 1990s 

The argument ıs partly about what kind 
of physics should be done, partly about 
how experiments are shaped by the 
machines themselves and their costs and 
timetables, and partly about keeping the 
eastern portion of the country, in which 
Brookhaven is the only remaining big 
accelerator facility, on a par with the 
facilities in the Mid-West and the West 
Congressman Bevill, ıt seems, 1s proposing 
to resolve all this with a stroke of his pen 
when the item comes before his sub- 
committee in the next month or so 

Deborah Shapley 


Ulcer cure sweetener for Searle 


By the end of this yearG D Searle and 
Co Ltd expect to be testing their first 
recombinant DNA product ın humans It 
will be a peptide synthesized according to 
the instructions carried by a synthetic gene 
placed inside bacteria Searle and Imperial 
Chemical Industries Ltd, initiators of the 
joint project, hope that the peptide, which 
is closely related to a gastrointestinal 
hormone, will prove to be an effective 
mhibittor of gastric acid secretion and 
hence of ulcers 

That is one indication that Searle’s early 
attempts to capitalize on biotechnology 
have survived two setbacks The first was 
the departure, in 1980, of two key members 
of staff to help start up Celltech Searle’s 
second setback was its failure to make a 
commercial success of producing beta- 
interferon from cultured fibroblasts 

Another indication of Searle’s resilience 
in biotechnology came last week with the 
opening of a new £7 million biotechnology 
pilot plant at thar High Wycombe site ın 
the United Kingdom The plant will come 
into operation next month, less than two 
years after construction started, despite a 
change ın plan half way through The 
change involved increasing the part of the 
plant designed for bacterial culture at the 
expense of that for cell culture That shift 
in balance reflected both the failure of the 
beta-interferon project and, according to 
Brian Richards, vice-president of UK pre- 
clinical research and development, the 
discovery of several peptides of potential 
value that could best be produced by 
genetically engineered microorganisms 


The pilot plant still has facilities for the 
culture of cells but Searle anticipates more 
activity in the bacterial fermenters, the 
largest of which has a 450 litre capacity 
The plant, however, is designed to accom- 
modate a 4,000-litre fermenter, large 
enough to advance from pilot to manu- 
facturing scale in some circumstances For 
yet larger scale fermentation, Searle will 


ULCER RESEARCH 
DEPARTMENT 





“That’s right, we both create and cure them” 


have either to build new plant or to arrange 
to use the vast fermentation facilities of the 
Japanese company Meja Seika, using a 
recent agreement to exchange technology 
That, however, 1s for the future, when 
and if Searle has something worth fer- 
menting Bacterial products planned, apart 
from the anti-ulcer peptide, include mter- 
ferons Much effort ıs bemg directed 
towards making structural variants of 
interferons with greater or more specific 
activity than the natural compounds If 
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any are discovered the plan ıs to 
manufacture them with bacteria 
contaming synthetic genes 

Searle may also use biotechnology in the 
less glamorous pursuit of producing, more 
cheaply than at present, the two amino 
acids that are fused together to make 
aspartame, Searle’s low calorie sweetener 
which was approved for tabletop use ın the 
United States last year Both amino acids 
come from bacterial fermentation and so it 
is possible that the bacteria could be 
genetically manipulated to produce either 
amino acid more efficiently than at 
present Peter Newmark 


Remote sensing 


What war use? 


Landsat, the US remote sensing satellite 
launched by the National Aeronatics and 
Space Administration (NASA) could have 
been used by the Argentine and British 
governments to obtain images of the 
Falkland Islands, but probably to little 
effect While Landsat can pick up data 
from all over the globe, ıt passes over the 
Falklands only every eighteen days and a 
further twenty-four hours are then 
required to process images Landsat has a 
resolution of 80 metres and could pick out 
— with luck and favourable weather 
conditions — an object as large as an 
aircraft carrier 

Landsat-3 ıs a near-polar orbiting 
spacecraft launched ın March 1978 It 
carries visible and infrared wavelength 
sensors which send back images used in 
agricultural surveys, mineral and oil 
exploration and pollution monitoring 
NASA collects the satellite data at 
Goddard Space Flight Center in Greenbelt, 
Maryland and it ıs then sold by the Interior 
Department through the Geological 
Survey’s EROS (Barth Resources 
Observation Satellite) Data Center in Sioux 
Falls, South Dakota 

Fresh images can be obtained from 
NASA by pror arrangement but the usual 
time-lag ıs anything from one to six 
months Ground stations within a 2,000 
km range can pick up real time broadcasts 
by radio link The British defence 
department’s National Remote Sensing 
Centre at Farnborough, Hampshire, 1s 
licensed under ESA’s Earthnet programme 
to tune into transmissions over Europe 
Argentina also has a ground station at Mar 
Chiquita (600 km north-west of Buenos 
Aires), but to obtain fresh images of the 
Falklands, ıt would have to make a special 
arrangement with NASA so that the data 
would not be wiped off the recorders on 
board, which are limited ın the amount of 
information they can store 

The delay in obtaining fresh images and 
the coarseness of their resolution makes the 
strategic use of Landsat dubious Landsat 
images may, however, have provided 
mformation about prevailing terrain 
conditions Jane Wynn 
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Nairobi environmental meeting 


More and less 


A Japanese environmental delegation 1s 
this week trying to recover its pride, after 
its proposal for a ‘“Brandt commission” on 
the environment took a battering at a series 
of environmental meetings in Nairobi 

Japan had proposed that a group of 
independent and widely respected persona- 
lities get together to produce a weighty 
document on the global environment to the 
year 2000 Much to the delegation’s 
chagrin, however, the Group of 77, 
representing developing nations, proved 
solidly opposed to the idea The group 
wanted direct development aid — for re- 
afforestation, for example — and not 
simply another expensive report for the 
bookshelves 

This was only one of the httle battles 
which have coloured Nairobi life in recent 
weeks, during the three meetings which 
celebrated the ten-year anniversary of the 
Stockholm environment conference The 
meetings held were one for non- 
governmental organizations concerned 
with the environment, a ‘‘meeting of 
special character” convened by the United 
Nations Environment Programme 
(UNEP) to review the decade, and the 
general council of UNEP itself 

Environmentalists have left the meetings 
with mixed feelings A lot of hard political 
and scientific lessons had been learned over 
the decade, said one, but there was still a 
consummate lack of will to do anything 
practical 

The current governmental attitude was 
represented by the level of the delegations 
sent by most countries to the ‘‘meeting of 
special character’? UNEP invited all heads 
of state, but in the end there were just three 
~~ Presidents Mobutu (of Zaire), Nemeiry 
(Sudan) and Arap Mo: (Kenya) The 
United States sent its head of the 
Environmental Protection Agency (EPA), 
Anne M Gorsuch, who made a fine speech 
recording US environmental support in the 
1970s Ms Gorsuch has been generally 
regarded as President Reagan’s axe- 
woman at EPA, so her speech came as a 
surprise However, she left her cutting 
comments for a press conference — the US 
contribution to UNEP would fall from $7 
million in 1982 to $3 million next year, she 
said James Buckley of the State 
Department added that the US government 
saw UNEP as a “‘catalyst’’ rather than a 
prime actor 

One bonus for UNEP, though, came 
from a surprising quarter Britain’s junior 
environment minister Tom King promised 
an increase in the British contribution from 
£600,000 this year to £750,000 next Even 
allowing for inflation, this 1s a substantial 
increase, which the UK Department of the 
Environment must find within its cash- 
limited budget ‘‘We are conscious that 
resources are strained”, said Mr King, and 
“now 1s the time for action” 
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Libya also promised its first ever 
contribution to UNEP — $1 million The 
Netherlands offered another 50 per cent, 
Japan, Finland, Malaysia, Uganda and 
Thailand also promised more But these 
increases would not cover the big cuts 
threatened by the United States ? 

There was agreement on one thing, “ 
however a declaration, now to be known 
as the “‘Nawobiı declaration”, sixteen 
pages of fine prose ‘“‘The world 
community of States solemnly reaffirms its 
commitment’’ says the declaration ‘‘to the 
Stockholm Declaration and Action Plan 

It also reaffirms its support for 
strengthening UNEP as the major catalytic 
instrument for global environment 
cooperation  ” Theword ‘‘catalytic’’ is 
to be noted Robert Walgate 


Information technology 


Europe wakes up 


Brussels 

Europe’s leading electronics and 
information technology companies are 
taking seriously the European 
Commission’s grandiose plans to pool all 
their research efforts Dubbed ‘‘Esprit’’, 
the European Strategic Research 
Programme ın Information Technology, it 
has evolved ın a senes of meetings that the 
Commission has held with leading 
European electronics firms during the past 
year 

The first fruits of these discussions have 
been leaked from a communication sent to 
the Council of Ministers ın preparation for 
the EEC’s Science Council to be held on 30 
June Yet despite industry approval, it 1s in 
the political arena that the real fight will 
take place to get the Commussion’s 
ambitious ideas implemented Duscussions 
with UK government bodies such as the 
Department of Industry and the Science 
and Engineering Research Council have 
left officials in Brussels with the impression 
that although there 1s token acceptance of 
Esprit’s principles, the national officials 
doubt that they can ever be realized 

Europe ıs losing out to Japan and the 
United States in the race to develop 
information technology, argues the 
Commission, not for want of spending vast 
sums on research Siemens alone devotes 
around $800 million a year to research Yet 
Siemens, ICL and the others are in 
financial difficulties and failing to reap the 
rewards from their research investments 

Industrialists feel strongly that to get the 
best out of Europe’s research expenditure a 
new body should be set up to coordinate 
activities Far from wishing to build 
empires, Commussion officials dismiss the , 
idea that they themselves should tackle 
this A more professional body such as the 
United Kingdom’s National Research and 
Development Corporation with experience 
in turning research into marketable 
products would be given the job It would 
be co-financed by the companies involved 


© 1982 Macnnilan Journals Ltd 











ntrating research and exploitation on 
rge companies.. Areas already 






formation processing systems usable by 






-flexible manufacturing; and fourth and 
fifth generation computers. The 
Commission is also asking for some $11 
million. to. spend on preliminary pilot 
projects. to sort. out the best ways of 
implementing cooperation. 

-> Radical though the scheme is, the 

e Commissioni is pressing for an agreement 
| by December 1982 and a start in January 

- 1984. Without such a oe effort 







T viperative ¢ deals with h Ja apanese or 
A lerican competitors — in the United 
Kingdom ICL is already moving in this 
direction. 

While the Commission may be accused 
of being over-ambitious, it is clear that 
¿ Esprit is being taken very seriously by 
“Plessey, GEC, ICL, Nixdorf, Siemens, 
Honeywell-Bull, CIT Alcatel, 
mson-CSF and Philips. Jasper Becker 






For the fi rst time in ten years, Britain i is 
trying to devise a coherent space policy. 
The impetus has come from the 
recognition, later than in other Western 
countries, that there is money to be made 
from selling space technologies and 

Services. The British government’s 
apparently sudden decisions, earlier this 
year, to allow and even encourage direct 
: broadcasting by satellite and cable 
at television point to its fear of losing out on 
new technologies now coming of age 
elsewhere in Europe and which are already 
well established in the United States. The 
plans now being discussed for a national 
remote sensing programme, based on the 
European Space Agency’s recently 
approved Earth Resources Satellite 1 
(ERSI) are thus meant to prepare British 
industry for the time when money can be 
made from remote sensing data and 
hardware. 
_.- But if the spirit has changed, where will 
“the money come from? Public money will 
5 flow freely, so what about private 
nent? A ‘select group of financiers 
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from space — and to persuading people 


that they must pay for it. 


Financiers, still wary of the risks 
involved in satellites, see more scope for 
helping to market space on the ground. 





Based on the experiences of direct 
broadcasting and cable in the United 
States, they are convinced that there is a 


market in Britain, while industry seems 
keen to produce antennae and dishes for- 
receiving direct satellite broadcasts. What _ 


the financiers want to know is how big the 
market will be. 


Remote sensing, for which the market is 
diffuse and ill-defined, faces different 


problems. A programme of scientific 


esearch using ERS! data has been worked 

out by the Natural Environment Research. 
Council and the Science and Engineering Wi 
Research Council, but nobody yet knows | } 


who will pay for remote sensing data. 
According to Sir Hermann Bondi, 
chairman of the Natural Environment 
Research Council, Britain is fortunate that 
ERS! will be an oceanographic monitoring 
satellite. The need to analyse ocean data 
quickly because its usefulness is often only 
immediate will, he says, pave the way for 
the later use of land data. 

Land remote sensing data may be more 
saleable, perhaps to mining companies and 
agriculture, but only in the long run. The 
experience of the National Aeronautics 
and Space Administration in running 
Landsat is, however, unhelpful; the early 
promises made for the data have not been 
fulfilled. The meeting last week seemed, 
however, confident that data from Landsat 
D, to be launched later this year, and from 
Spot, the French national remote sensing 
satellite, will be more attractive. 

One problem that perplexed the meeting 
is that the applied science of remote sensing 
falls administratively between two stools, 
the Science and Engineering Research 
Council (science) and the Department of 
Industry (application). This is why there 
has been a spate of interest in the question 
whether Britain should have a space agency 
of its own..Given departmental jealousy, 
the outcome will probably be some kind of 
coordinating agency, more modest, for 
example, than the French. 

Judy Redfearn 
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The British propensity to jetse 
cause acute problems for Cambridge ra 
astronomers. In the next few mon 
Graham Eyre, QC, the inspector at the 
public enquiry into the proposal to site th 
third London airport at Stansted in Essex, 
will hear evidence from the University of. 
Cambridge that. an. expanded airport. at 
Stansted would seriously impede work. a 
Mullard Radio. Astronomy Observatory... — 

The “Mullard. Observatory, which is 
situated some 35 miles from Stansted, has 
for many years had an agreement with th 
Home Office whereby aircraft interferenc 
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equipment gives out radio waves on 
telescope’s frequency. $ 

If Stansted were to be: expaniled:t ; 
15 milion passengers a year, the op 





increase in air traffic would mean i 
aircraft approaching the airport- woul 
start their landing manoeuvres within 4 to. 
km of the observatory. Work using low 
frequency wavebands — observations of » 
the solar and interplanetary medium and of — 
supernova remnants, for example — could » 
be completely disrupted. : 

In support of its evidence to the enquiry, = 
the observatory will also present a technical 
document assessing the amount of © 
interference and the consequences for- 
research, which are not easily quantified, — 
The problem is that the frequency bands — 
allocated to radioastronomers are also — 
shared by other radio users, at present ‘not: ~ 
allowed within 50 km of the observatory, — 
With aircraft, the range would need to be 
expanded to 200 km, which is not a __ 
practical option for a busy airport. oe 

The observatory has occupied its present. 
site since 1956 and the area, which was. 
selected for its lack of radio interference, 
has been kept ‘‘clean’’ ever since. It we 
be expensive and difficult to find ; 
suitable site. Jan 
































































































the future of many kibbutzim may lie with 
small science-based industry using the 
_ techniques that are already spawning new 
biotechnology industries in the United 
States and Europe. . 
> The kibbutz at Beit Haemek is typical of 
oe the trend from farming village to light 
manufacturing to science-based industry. 
Inthe mid-1970s, Beit Haemek was looking 
- fora way of supplementing its income from 
the cultivation of avocados and the raising 
of cows, And when it failed in an attempt to 
_ balance its budget by building and selling 
pipe organs, the kibbutz decided to 
establish a company that would use 
advanced tissue culture techniques to 
propagate ornamental, specific pathogen- 
ree plants. This move made sense as the 
bbutz had several members with degrees 
agriculture and microbiology, and 
rs with | scientific training and 
tory: experience. | 
her. expansion of the enterprise, 
alled Biological Industries, was 
d by the arrival of anew American 
ber in what had been a predominantly 
h settlement. He is Dr Robert Levin, 
ously a research associate at Stanford 
rsity Medical School. 
The kibbutz can do only a limited 
mount of research on its own, and so 
evin works closely with Professor 
nathan Gressel and his group at the 
feizmann Institute of Science. One result 














loitation at Beit Haemek of a new 
mann Institute system to use plant 
ue culture methods for rapid and 
expensive prescreening of potential 
herbicides. And in cooperation with 
scientists at other Israeli research centres, 


such methods to develop plant varieties 
. resistant to herbicides, diseases and other 
_ environmental hazards. 
~~ Bach successful new project has brought 
ia an expansion of Biological Industries and 
-. so now Beit Haemek has caused some 
surprise in Israel by placing advertisements 
<in the newspapers inviting biologists with 
~~ PhDs to join the kibbutz and applicants are 
_ row being screened, The introduction of such 
-Specialists would be quite a change in 
traditional kibbutz practice. On the one 
: hand, it will be necesssary for veteran 
members of the kibbutz to accept the fact 
that the newcomers will not be available, as 
ibbutz tradition decrees, to do any job 
ecessary; they will expect to work in their 


their specific contributions. 
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kibbutz - == - hard nahi in ‘the fields ı fone eat “pr 
blazing sun — may have to be changed. For 


f this collaboration has been the 


Levin and his colleagues are now utilizing — 


other hand, the new 

: Ive will have to come to 
ms ‘with a society where there are no — 
terial rewards for their degrees or for 






Netherlands and West Caan 


The kibbutzniks see themselves as a 


production arm of Israeli academics, in the 
words of Beit Haemek’s general manager 
Mike Landis, ‘‘as a conduit between Israeli 
research centres and the world market’’. 


KIBBUTZ BEIT HA’EMEK. 
in the Western Galilee 
is interest in absorbing 


SCIENTISTS 


at the Phd. jevei m the following fields: 
Physiology {animal and plant), 
Biology, 
Agriculture, 
Biochemistry and Microbiology. 
A fine way to combine quality of Hie with 
interesting work, 


: 
| 
| 
: 


Please contact: The Absorption Dept. Kibbutz Beit 
Ha‘emek, D.N, Ma'aleh Hagalil 28414, 


| 


Pandaan. na manag oaea o aan aren na aangaan ht matana te ms animans dt er inher trae birt 


Robert Levin of Beit Haemek sees a great 
deal of similarity between the science- 





based industries on kibbutzim and the new - 


biotechnology companies in the United 
States, ‘‘which are”, he says, “really 
cooperatives created by a few talented 
scientists. The only difference is that 
kibbutz scientists in Israel share modest 
living quarters while capitalistic scientists 


in the States share: enormous profits”. 


ecne Meyers 


Nature in Poland 
Many readers will have been moved to ask 
how they can help by last week’s report of 
the difficulties encountered by Polish 
scientists in acquiring scientific journals 


from abroad (see Nature 27 May, p.259). | 


The chronic shortage of hard currency, 
which has apparently worsened since the 
introduction of martial law last December, 
has made the purchase of journals virtually 
impossible. 

In the belief that many scientists outside 
Poland may wish to help colleagues thus 
deprived, Nature is introducing a scheme 
whereby scientists outside Poland may 
purchase a year’s subscription to Nature in 
Poland at roughly half the usual price. 

Those wishing to buy a subscription for a 
Polish colleague should write to Nature in 
either London or New York (the addresses 
are given opposite page 349), enclosing a 
cheque made payable to Nature for £50, or 
the equivalent in any currency, together with 
their full name and address and those of the 


intended recipient. Telephone orders may be | 


charged to international credit cards, Nature 

will meet the extra cost of despatching the 
journal to Poland. | 

Immediately on receipt of an order, the 
intended recipient will receive a letter from 
the Editor describing the arrangement that 


: has been made and identifying the donor. As | 


- soon as the order has been processed, copies | 


week of publication. This offer will remain 
open at. least until l August. 


he at 
with an unrepaired hole in its primary ? 
= cooling circuit. 


of Nature should arrive in Poland within a f 





‘neutron beam 
¢-Langevin (ILL) 
Greno ble, 1S LIKELY to. re-start in June 









Admittedly, the hole is inside the heavy 
water primary cooling circuit, and is not 
considered dangerous, but careful 
experiments and. calculations are being 
made. to make sure that the reactor will 
work safely despite the fault. 

The broken part is a section of 
perforated aluminium alloy, designed to 
break up the flow of the cooling water 
before it turns a corner in the piping. A 250 
cn? section broke away, and parts of this 
interfered with the operation of a cooling 
pump. As soon as the fault was discovered, ` 
the reactor was shut down, and already 
nearly a month’s experiments have been 
lost — a lot of work at ILL, which services _ 
dozens of visiting groups working =- 
simultaneously. The groups use the | 
neutrons, often for only.a few days, butthe _ 


_data so taken provide much more work on y 


data analysis back at the group’ S home K 
institutions. m 

Dr Brian Fender, ILL’s British desuty 
director, said last week that he expected to 
be able to save the 1982 experimental . 


programme by putting off a scheduled 


development period, due in November, 
until next February. Ultimately, some two 
months’ experimental time at ILL will have 
been lost; but it will be somewhat less 
painful if the loss is taken next year, since 
1983 experiments are still only, in the 
planning stage. 

The aluminium part broke becaŭsë of — 
ten years’ cycling in turbulent water flow, — 
ILL. engineers believe. Well away from the 
reactor’s fuel rod, it did not suffer 
significant radiation damage. Almost all 
the pieces have now been recovered. 
Reassembly of the jigsaw has shown a piece 


a centimetre across still to be missing, 


presumed lodged in the cooling circuits, 
but it is not expected to do more damage 
when the reactor is restarted. 

Flow through the cooling circuit has 
been tested, using a dummy fuel element, 
and despite the hole in the aluminium 
section, no increased turbulence or 
vibration has been observed. The broken. 
part has also been inspected by TV camera, 
from a distance of one.or two metres, and 


-seems firm enough. It is conceivable that 


the French licensing authorities would not 


- allow ILL to restart without replacing the 


part, but, says Fender, ‘“‘we work very 


closely together”, and he does not expect F 


any trouble from that quarter. 
Why could the broken part not simply be 
replaced? Because it is awkward to reach, 


requiring the dismantling of most of the 
reactor, an exercise which could cost many 


more months than iis Beeson delay. 
` Robert Walgate 


© 982 Macmillan Journaly Ltd 
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ng document reached À Nature on 21 
May S ithe Gist een of Academician 








BS Thave learned from foreign broadcasts that 
the ‘Scientists for Sakharov, Orlov and 
_ Shcharanskii’’ (SOS) Committee in the United 
States has issued an appeal to Soviet scientists 
“to come to the defence of the family of Sergei 
Kovalev -~ that is, Sergei himself, his 
daughter-in-law Tat'yana Osipova, and his 
son Ivan. I feel sure that many of you also 
heard this appeal. I beg you to treat it with all 
seriousness and to undertake those actions to 
_ which each of you feels prompted by his 
feeling of responsibility as a citizen and by his 
conscience, both in this particular case, and in 
others where your intervention would be of 
: special importance. 
-For many years now, I have observed an 
almost total lack of action on the part of my 
: Si cientific colleagues in matters relating 
efence of human rights. It is shameful 
1 scientists (and deepest thanks to 
show a greater concern for our affairs 
` than we do ourselves. In this letter, I am 
-spèaking first and foremost to those scientists 
_ occupying a fairly high and independent 
ssition — more specifically to Members and 
rresponding Members of the Academies. I 
some of you have negative or 
: regarding my statements on 
s. But this is not a general 
(on these, I have always expressed my 
form of a discussion, and have 
tmy opinions on to anyone). This 
sr of the fate of real people, including 
-the fate of your colleague in science. Every 
| one of you who has shown even the least 
interest will form his or her own. independent 
opinions-on these cases, of the total degree of 
ieuas and the harshness of repression. 
You cannot consider that these cases do not 
: touch you; the historical experience of our 
country, professional solidarity, simple human 
sympathy for the fate of others, and often 
_ personal contact with the victims of repression 
(many. of you were personally acquainted with 
Orlov, Kovalev and others), make such an 
-Attitude impossible. You must not invoke the 
interests of your job, the need to keep your 
professional post in the interests of science. In 
“fact, most of you are in a fairly secure 
position. And the interests of science must 
include the defence of members of the 
scientific community from injustice; they 
include the responsibility of the citizen. This is 
not the Stalin era; practically speaking none of 
you now are under any kind of threat. But can 
you rule out completely à return to a néw era 
of mass repression? For if this should come to 
pass, your lack of action now will be one of 
the causes. And conversely, could not the 
activity as citizens and the independence of 
fen a few of the country’s top scientists have 































































a profound and beneficial effect on the whole 
situation? 


sh of you can lay his hand on his 
that this is not a vital 
sely this which more than 
promote international 
is, and, on a far far wider 





| peace throughout the world. 





Such is the measure of the individual personal 
responsibility of every one of you. 

In conclusion, I should like to cite several 
examples of scientists and scholars who are 
victims of repression — prisoners of 
conscience. For each of these cases there is 
information which is accessible to you. 

(1) The case of Kovalev and his family, with 
which I began this letter. Kovalev has served a 
term of seven years imprisonment under the 
harshest conditions, and he is now in exile, 
under shocking conditions in the Magadan 
region. Tanya Osipova and Ivan Kovalev are 
in prison, and it is necessary to obtain for 
them, at the very least, the opportunity of 
meeting. After the arrest of his wife, and 
before his‘own arrest, Ivan had only one 
30-minute meeting with her in 15 months. 

(2) The case of Yurii Orlov. His fate, and the 
cruel torments he is suffering are widely 
known. 

(3) The case of Anatolii Shcharanskii — also 
very well known. 

(4) The case of the mathematician and 
cyberneticist, Dr Aleksandr Bolonkin. After 
imprisonment and exile which robbed him of 
nine years of his life, beatings-up, confinement 
in the punishment cells and provocations, he is 
back in prison again on a trumped-up criminal 
charge. 

(5) The case of the philologist and poet, Vasyl 
Stus’. After many years in prison and exile, he 
was condemned to a further 15 years labour- 
camp and exile, simply for supporting the 
Ukrainian Helsinki Watch Group. 


(6) The case of Anatolyi Marchenko. He is not. 


a scholar; he is a worker and writer, the 
author of some remarkable books on present- 
day labour camps and prisons. But he has 
been sentenced again — his fifth sentence — 
to the monstrous term of 15 years 
imprisonment and five years exile; the central 
point of the charge being his open and noble- 
hearted letter on the “Sakharov case” to 
academician P. L. Kapitsa, who is one of 
those to whom I address this letter. 

(7) The cases of Aleksandr Lavut and 
Tatyana Velikanova (mathematicians), Mart 
Niklus (ornithologist), Leonard Ternovskii 
(radiologist), Viktor Nekipelov (a pharmacist 
and talented poet), Pyatkus (philologist), 
Meilanovy (mathematician), Luk’yanenko 
(jurist), Airikyan, Altunyan and many others. 
None of them has had recourse to violence nor 
would do so. All of them have suffered cruelly 
for loyalty to their noble convictions, the 
principles of free expression and justice. Help 
them — this is our common duty. 

Andrei Sakharov, Gor’kii, 30 March 1982. 


Postscript — In defence of Ivan Kovalev. 
Ivan Kovalev has been sentenced. This is yet 
another blow to the champions of human 
rights in the Soviet Union, to free expression, 
and to the Helsinki Watch Group; a blow 
against the principles expressed in the Helsinki 
Final Act. And this is a new act of 
inconceivable cruelty towards the famous 
Kovalev family, the third of its victims. In 
December 1974, Sergei Kovalev, Ivan’s father, 


‘was arrested, In ‘May, 1980, Tat’yana 


Osipova, Ivan's wife was arrested. Both of 
them, like Ivan Kovalev himself, have received 


À aiel sentences for their nonviolent defence o 







human rights, for their fidelity tonoble = 
convictions. In a letter which he wrote shortly 
before his arrest, Ivan Kovalev wrote about 
himself and his situation. And in his article 
“My Tanya’, he told us about his wife, her = 
fate and her struggle. There is little one can 
‘add to those documents -— and having known 
Ivan for many years I am convinced. of the 
justice of his case. 
I call upon everyone who believes in justice, 
who can feel for the tragedy of this young | 
family, to speak out in defence of Ivan” As 
Kovalev, his wife and, of course, his father, 
The possibility of a meeting between Tat'yana 
and Ivan must.be obtained — this is their 
inalienable human right. And it is very “oe 
important too to obtain their freedom, and the : 
freedom of all prisoners of conscience. 
Andrei Sakharov, Gor’kii, 2 April 1982. 


a * * ¢ A 
ESA clarification 
Sir — May I refer to your article “Antarctic —_- 
research hit by crisis’’ published in Nature of 
15. April (p.593) andi in particular to the par | 
of the article: F 

“Although Argentina’ S Own. research efforts 
have been extremely limited, it is at present. : 
collaborating with the French dn 
glaciological work, and plans exist to sitea 
ground station for the first European. Space l 
Agency remote sensing satellite to be put into 
-polar orbit, at the Argentinian base. : 
Marambio”’. i 
There i is no Argentinian connection. with th 















There will certainly be some ERS-i so 
ape AETA outside le Paope D but no 


would require aal of ESA Ee ik 
You will appreciate ESA’s desire to ‘have 
this point clarified. . 


(Head of ESA. Directe 
l General’s Cabinet) 
ESA, Paris, France | 


Editor in false garb 


Sr — If both of your bizarre and intemporate 
recent leading articles (‘Doves in false garb’’, 
18 February, p.542; and ‘‘Professional 
propaganda”, 1 April, p.380) had been 
published on 1 April, one might more easily 
have. understood them. They are so full of 
rancid sarcasm, repetition to the point of 
perseveration, wild claims devoid of any 
supportive evidence, multiple errors in basic 
logic, frank contradictions and odd grammar, ~~ 
that they imply a writer almost incoherent with 
anger. They are also probably the most | 
disgraceful abuses of editorial privilege I have — 
ever seen in print. 

You have used, however ineffectually, the 
anonymity of the editorial and the prestige of 
a hitherto distinguished scientific journal, to 
lend spurious respectability and authority to 
your personal and highly idiosyncratic views.” 
You have jeered at a very large number of 
sincere, ethical, distinguished and honourat 





professionals throughout the world, 
impugning their honesty, without raising ¢ 





































‘ou graciously grant us the K outon then to 
- contribute our special knowledge to the 


-failing to exceed the limits of such special 
-| knowledge. You-insist that it’s laudable for us 
to express ourselves singly, but dreadful to do 
go collectively. You sneer at the “catchy 
> actonymic titles” of the groups:concerned, 
E though few of them are catchy;and none are 
%, acronyms. You complain that the groups 
. “claim professional support” in a deceitful 
-< way. While the degree of professional support 
- they have is significant and growing, their 
titles very specifically and accurately state their 
: membership as limited to those members of 
each respective profession who are opposed to 
nuclear arms or war: how much more: 
accurately could they describe themselves? 
- Take your own advice, Mr Editor. Put aside 
your pique about the professions you don’t 
long to; put aside your anonymity and the 
ority that belongs to Nature and not to 





ort us to dọ (and as we have done) and join 

‘on. hustings. 1f you can express your 

yji z and support them with data, 

isten with interest and respect. 

ngst your hectic. hubris, y you graciously 
at “it would... . be shocking, if. 

re silent about the probable 

f smoking”. May we not also | 

about the dangers of being smoked? _ 





Health Sciences Center, 
mple University, a 
emai aol USA 

























aaa dating to the liberation of 

the individual from neurosis by the expression 

-of repressed emotion. Is this what the leader 

«article intends? 3 

<: 1 feel it would be a pity if Nature were to 

ae start falling into the trap of employing jargon 

< terms made meaningless by fashionable use. 

-o Itsmight cause some adverse reaction among 

x the readers. 

nee Rosin H. C, STRANG 

a Department of Biochemistry, 

University of Glasgow, 
Glasgow, UK 


a Data protection — 
Sin — I read with great interest the article: 
‘Big Brother's law’’ (Nature! April, p.694) 
about personal data protection. Twould like to 
add afew comments. == 
In the summer of 1981, the orn 
Comi ission addressed a formal . 













| pe 
its legal committee (the report was given by 


solution of such problems, but criticize us for ` 


— take your courage in your hands as you — 


MICHAEL A. SIMPSON 





n pärli ament ‘adopted: a téport of 





Herr Sieglerschmidt, SPD) asking among 
other things for a Community directive for 
personal data control. 

We believe, however, that the most 
important point is the control of the 
transnational data transfer of private 
companies, although you are right in the 
statement that the transfer of information 
between governmental depariments is very 
important. 

Finally, I would like to say how important it 
is to lobby the British members of the 
European parliament. The international 
companies are very familiar with effective 
lobbying of MEPs. The electorate should do 
the same, but in the interest of maximum 
protection of data on individuals. 

Fritz Gautier, MEP 
Braunschweig, FRG 


Patent sense 


SIR- = The report in Nature of 29 April p 792) 
of the 21 April Colloquium at the Association a 


of the Bar of the City of New York is 
inaccurate in stating that a European visitor 
may, under European laws, derive an 
invention from a seminar or talk in America 
and appropriately apply fora patent in. 


‘Europe. 


European and other patent laws do not | 


permit patents to those who derive. Typically, 
they require that the subject of a patent. be the 


original work. of the applicant or i its 
predecessor i in interest. 


The issue of whether or not an. invention is ai 


original work is different from the issue of 


whether or not the inventor’s (original) work . 


preceded the work of another. 


Fish & Neave, : 


New York, USA 


Ageing controversy 

Sik ~~ Lam writing to vehemently protest 
about the recent News and Views article from 
your ageing correspondent in the } April issue 
of Nature (296, 392-393; 1982). The work of 
Dr Obispo and his colleagues on “‘longevin’’, 
the lifespan-extending protein from carp gut is 
described in excruciating detail, but no 
mention at all is made of Dr A. Huxley’s 
pioneering work. 

It was in the obscurity of his Oxford college 
rooms that the re-discovery. of the rejuvenating 
effect of raw fish viscera was made (Phil. 
Trans. R. Soc, B 240, 153-215, 1969). 


_ Furthermore, he has gone a long way in the 


characterization of the same protein. T am 
truly surprised that this work of a British 
scientist (who in addition comes from a very 


- distinguished family indeed) ata be 

overlooked in the pages of Nature. I 

_ reason for this is not only that the Obispo and j 
_ Maunciple group has essentially unlimited = 

funding from the Stoyte Foundation for A; ing 

; © Research, but also that nowadays anyijang:: 

oin this recommendation, the Commission s 


think the 





vee to do with gene cloning’ receives | 


Horma group 
ons the longevin B-chain wlohe: The extension of 
' human lifespan is of utmost ethical 
‘importance and should not be treated lightly; 
_ least of all in a patent office. 





Sin — Huxley in his seminal work After Many. ¥ 


ne now fully evolved nin. Obispo himself, 
_ his procreative and creative ‘powers equally 
_ unimpaired, will reach the age of 100 in 1984, 
by which time, we can be confident, 
gerontology. will have oa a timely 
death. 


| London W6, UK 


Davin W. Pran z 


2. Nuclear Energy: The R 


oe Electricity. (Worthyvale Manor, 








AN AGEING PROFESSOR 
Basle, s witzerland 


Sik — Tread the News and Views article on 
longevin (Nature 296, 392-393; 1982) with 
keen interest but think, if I may say so, that 
this may prove to be the swan song of 
geriatrical biochemistry. 

JENNIFER REED 
institute for Experimental Pathology, 
German Cancer Research Center, 
Heidelberg, FRG 





a Summer (Chatto. and Windus, 1937) was the 
first to draw wider attention to the research of 
Obispo. It is regrettable that your 
correspondent’s otherwise excellent report on — 


_anti-senescence factors (Nature 296, 392-393; 
1982) did not refer to Obispo’ 's pioneering 
+ studies, even thoug these w were. conducted ç on. 





“Ricca GLENDALE 


2 Nuclear ¢ options - 


“SiR — ‘David Fishlock should keep his 

_ journalistic innuendos (Nature 22 April, 
‘p.700) for Financial Times. He implies that my 
letter in Nature of 18 March (p.192) on | 

 “€lectricity costs” is equivalent to flat-Earth. 
theory, ostensibly because it cites a paper of d 


mine! as “‘in the press”. He calls this 
““unpublished’’, but in fact Energy Policy No. 
2, containing the paper, was published on 5 
May, and the Financial Times was sent a copy 
of the page proofs before publication, In any 
case the scientific editor of the Financial 
Times was surely not unaware of the report of 
Sir Kelvin Spencer’s committee *, which was- 
given wide publicity after a press ‘conference i in 
the House of Commons on 2 February, and. 
which quoted or paraphrased the main results. 
of the ‘‘unpublished”’ paper. 

I can only assume that ány conclusion which 
does not wholeheartedly support the nuclear 
case is necessarily flat-Earth theory to David 
Fishlock, and need not be looked at any 
further. — A 
J. W. JEFFERY / 


Department of. Crystallography, 
Birkbeck College, a 


London WCl UR o o 
1, The Real Cost of Nuclear Bleciricity in in the U.K., Energy. 
Policy, Yol. 10; Ne a T8, o i 










Committee for the ‘Study Economics of Nuclear 


 Camseltord, Cornwall). 










: URAVITATIONÁI, radiation not only exists, 
. but it is apparently also doing exactly what 
. general relativity Says it ought to, at least in 
the binary pulsar PSRI913 +16. This is the 
og sion drawn by J.H. Taylor and J.M. 
Weisberg writing recently in the 
: en po Journal GSS, 908; eae It 












| and BaP pe ate of the 
itati mal redshift and the transverse 
oppler. effect. The relativistic parameters 





values for the masses of the two stars. 
‘These, plus the orbit period, ean be 

plugged into a standard formula for gravi- 
‘tational radiation from orbiting point 
“masses to yield a unique prediction of the 
rate at which the orbit should be decaying, 
-P = -2,4x10-. The measured value, 
from the multi-variable fit, is 
--2,30+0.22 x 10-'2, in exact agreement to 
4 within the experimental errors. 

-The high precision and self-consistency 
of these results mean tha* they have 
interesting implications for three problems 
of current interest in astrophysics. 

First, if no important effects have been 
left out, the binary pulsar orbit provides 
as. accurate a mass for a neutron star as 
has ever been determined, and the first one 

for an. honest-to-goodness radi pulsar. 
The. other measured masses all come 
from X-ray binaries, for which the 
energy source is not the rotation of the 
neutron star (as in ‘true’ pulsars) but 
cretion of gas from a Companion an 


“together. define a small- set of allowed 


Gravitational radiation 
the binary pulsar 


Jrom Virginia Trimble 


core supported by degenerate electron 
pressure and may reflect a fairly universal 


truth — you get a neutron star when an 


inert core builds up to the Chandrasekhar 
limit and so collapses. 

Second, we are encouraged to ask more 
seriously than before. how gravitational 


radiation will affect the evolution of other 


short-period binary systems, whose orbits 
are less clean than that of PSR1913 + 16, 
but which are astronomically at least. as 
interesting. The classic case is that of the 
cataclysmic variables (CVs)?* — novae 


and related systems consisting of a normal 


star transferring material to a white dwarf 


companion. Many kinds of binaries show 


such mass transfer. In some, the flow is 
driven from a more massive to a less 
massive star by newtonian effects; in 
others, a star spills over because it is trying 
to expand and become a red giant’. But in 
some low-mass. CVs, neither of these 
explanations works. The shedding star is the 
less massive and has not yet begun to 


expand. What drives the transfer? 
Gravitational radiation must gradually | 
bring the two stars closer together. The 
surprise is that it does so at precisely the 


rate needed to produce the otherwise in- 
explicable mass transfer in these short- 
period, low-mass CVs®-!°. In addition, 
beyond a certain point, gravitational 
radiation-driven mass transfer begins to 
move the stars apart again, and so may also 
explain some puzzling gaps in the distri- 
bution of orbit periods of CVs. 

Third, the binary pulsar provides a test 
of the standard formula, first derived by 
Einstein'', for the gravitational radiation 
expected from a binary system. Over the 
years, many theorists have tackled the 
problem within the framework of general 
relativity. Some have confirmed the so- 
called quadrupole formula!?-'*, whilst 
others have found different results, or, 
more often, concluded that a proper 
derivation has not yet been carried out and 
is currently beyond them, too!*-!®, The 
agreement to within 10 per cent between 


Virginia Trimble is in the Department of Physics, 
University of California, Irvine, California 92717, 
and the Astronomy Program, University of 
Me rama ere Park, Maryland 20742. 


nature of the problem i is such that precisi n 
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prediction and Observation. for the binary 
pulsar strongly suggests that the 
quadrupole formula is very nearly right, a 
least for relatively weak-field cases (again 
unless some important effect has been lefi 
out of the muiti-variable analysis). Thi: 
should help theoretical relativity both wit 
this faecal ober? he a always es S 

















































quadrupole formula. for aali 
which- may, just possibly, ait 
appropriate: : 
What can we expect. from PSRI9133 7 +16 
and gravitational radiation in the futur : 
Observations. are. continuing. And t 


increases roughly with the square of. the. 
observing time. Thus another five years 
could narrow the error bars on the 
relativity parameters from about 10 per _ 
cent to about 1 percent, providing neutron 
star masses with that precision and testing 
agreement (or disagreement) to 1 per cent 
between the quadrupole formula — 
prediction and the observed value for the — 
orbit decay due to gravitational radiation. _ 
Beyond this we probably cannot go. 
Fluctuations in the newtonian gravi- - 
tational potential of the Galaxy (due to 
stars, clusters, gas clouds, spiral arms and 
all the rest) cause random, undecipherable _ 
accelerations of a test particle and so will _ 
put noise into the pulsar timing measures 
ments at a level near 2 x 10-'* on time scales. 
comparable with the effects being sought = 
Finally, once a phenomenon has shown 
up indirectly in an astronomical context, it 
is natural to ask whether it can be seen 
directly in the laboratory. Detect 
designed to search for gravitatic 
radiation pulses have been in fi 
tinuous operation ¢ one pee or 
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reference earlier ‘results. “Helium-cooled 
< detectors. of higher sensitivity are being 


orders below the sensitivity of foreseeable : 


ground-based equipment at the relevant nor 





developed or are in operation at Rome, 
_. Stanford, Maryland, Tokyo and other 
<: places. The expected gravitational 
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$: CENT report describes the dramatically 
ssful use of a monoclonal antibody in 
treatment of a human B-cell tumour’. 

ie patient has now been clinically free 
from disease for eleven months without 
f u rt her. treatment. This. striking success 






















of the antibody for the tumour cells, but is 
something of a special case. The 
monoclonal antibody was anti-idiotypic: 
that is, it was raised against specific deter- 
minants on the antibody expressed on the 
surface of the tumour cells. The method 
ould thus seem limited because a 
fferent antibody has to be produced for 
each individual tumour and because only 
1 tumours, which are uncommon, are 
kiowa to carry sufficiently specific 
determinants. Whether it will be possible to 
find markers that will allow a similar 
„specificity to be gained against other 
= tumours is not yet clear. 
= Several other patients have, however, 
already been treated with monoclonal 
antibodies and it is possible to assess 
. <gomething of the general potential of 
~~ antibodies for therapy. 

The questions to be faced are: are the 
monoclonal antibodies safe, and are they 
effective? So far, there is a clear answer to 
only the first question. Administration of 
=: mouse monoclonal antibodies produces 
remarkably few side effects even when free 
antigen is present in the serum and it must 
be presumed that the infusion of antibody 

leads to the formation of circulating 
“immune complexes’. At first sight the 
‘apparent safety of monoclonal antibodies 
~ might be assumed to stem from their mono- 
‘specificity — they. do not. contain the 
‘contaminating specificities that give 
problems when conventional antibodies, 
for example anti-lymphocyte globulin, are 
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frequencies. Indirect methods will, might bet 


therefore, clearly continue to be important 


for along while, at least for PSR1913 + 16! 
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7 ntibodies and cancer therapy 


administered. This may, however, be an 


over-simplification since it has been 


predicted that many monoclonal anti- - 
bodies will give unexpected cross- | 


reactivities*. Indeed, cross-reactivity has 


been demonstrated for some of the - 
antibodies which have been used in vivo: _ 


for example, the J5 antibody used in 
treatment of acute leukaemias’ was found 
also to react with renal tubules. The moral 
to be drawn is that before an antibody is 
used in vivo it is wise to screen widely for 


antibodies have been examined in several 
laboratories: Nevertheless, an anti- 
CALLA antibody (J5) was used to treat 


Jeukaemic patients and revealed another 


problem of antibody therapy, that the 
tumour cells rapidly lost-the target antigen 
when antibody was administered. Similar 
antigenic modulation 
demonstrated in vitro. : 

While treatment in vivo has not yet 
produced spectacular results, with the 


“acepti¢iem, at least ae dae 


could be 


exception of the anti-idiotype antibody, d 
treatment in vitro holds more immediate ` 
promise. Bone marrow grafting has © 


become a recognized treatment for 


leukaemia but has considerable problems, 


including graft-versus-host disease (GVH) ~ 


‘lym phocytes f rom 





marrow. anon tate 


unexpected reactions with different tissues. _ cyt otöxi 


If the antibodies are safe the major — 


problem of antibody specificity remains. 
Antibodies to differentiation antigens can 


be used when the loss of normal cells with 


the same antigens would not matter or 
when tumour cells have completely re- 
placed the normal population. Thus, 
antibodies against T-lymphocyte antigens 
have been used to treat advanced stages of 
mature T-cell tumours. In the first patient, 
a significant response of skin lesions was 
seen and treatment was continued for 17 
weeks until the tumour progressed in 
lymphoid organs*. This patient showed no 
immune response to the mouse immuno- 
globulin but in subsequent trials and in 
patients given anti-T cell antibody as 
immunosuppression for renal allograft 
rejection episodes; antibody to the mouse 
protein was produced and limited the 
duration of treatment’. 

While antibodies to differentiation 
antigens can be used for tumour therapy, 


their potential would be much greater if- 


tumour-specific antibodies were available. 


Several claims for the existence of such © 
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with complement 
toxins ‘should im eff 
Leukaemia can also be treated by an 
autologous transplant. Remission bone 





led to « rugs. or - 
ectiveness. 3 


caused by T lymphocytes in the donor z 






marrow is collected and stored until the - 


patient relapses. Aggressive chemo- and 
radiotherapy can then be administered and 
the patient rescued with the stored marrow. 
This approach suffers from the problem 
that the re-infused matrow may. contain 


leukaemic cells but these might be removed . 
if sufficiently specific antibodies can be — 
produced: Jn vitro. treatment has. the cS 
advantage that surplus antibody, or 


antibody—drug or antibody~toxin 
conjugate, can readily be washed away 
before the marrow is infused. | 

It is notable that the research discussed 
so far all deals with tumours of the 
haematopoietic. system and common tu- 
mours (all carcinomas) have not been 
mentioned at all. This is in part because 
many of the earliest and best characterized 














5 ses. Nevertheless 






ave been directed — 

and also becausethe 
poses additional a 
: penetration of _ 
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lat of the future? First it is clear that 
-< antibody alone is unlikely to be optimally 
effective and drug- or toxin-coupled 
antibodies may provide additional 
_ therapeutic advantage, particularly in 
_ vitro. In vivo therapy is frequently limited 
_ by the development of anti-mouse immuno- 
-globulin antibody but it may be possible to 
-induce tolerance or, in the future, to reduce 

the problem by the use of human 















in cellulose, plat. cells have 
sadom of movement: As a result, 
rphogenetic responses, rather than 
nsisting of. cellular migration, involve 
ternal rearrangements. of cytoplasm. The 
ponses. include alterations i in the rates of 
sion and of enlargement (which 
erall size of cells). Fine 
phology i is, however, ; 










itet to > the dione pines 
‘the phragmoplast. The microtubule cycle 
can therefore be regarded as at the hub of 
key morphogenetic processes. To come to 
terms with this at the level of control it will 
bei important to obtain a molecular descrip- 
tion to complement the existing ultra- 
structural one. For instance, where are the 
microtubule-organizing centres located? Is 
there one set responsible for all micro- 
tubule arrays or are there several? If 
several, how are their functions co- 
ordinated? 

In comparison with animal tissue culture 
cells, plant cells are much less tractable 
and, as a consequence, the successful 
application of molecular probes to the 
Of the cytoskeleton has been slow. 
er the last year several studies have 
which present real technical 
should lead to a more 
he microtubule cycle. 
‘when considering the 
is that different tubule 
poseda of different tubulins 
















bodies’ ‘has been eported!! 
serotherapy will surely not be a panacea, 


there are grounds for cautious optimism. 
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produced, perhaps, in a cycle-dependent 
manner. The multitubulin concept was 


reviewed by Fulton in a recent News and 


Views article! which outlined that non- 
mammalian organisms do contain multiple 
genes for tubulins and that the a-subunits of 
their tubulin heterodimers may differ from 
those of vertebrate brains, which, unlike 
most other tissues and unicellular 
organisms, constitute a rich source of 
‘microtubule proteins. Until now the lack of 
grey matter has held back research into 
plant tubulin, but in this issue of Nature 
(p.426), Morejohn and Fosket report its 
isolation from Paul’s scarlet rose sus- 
pensions and, for the first time, its re- 
assembly into microtubules. 

Plant extracts, prepared according to 
methods for brain tubulin and containing 
leupeptin as a protease inhibitor, were frac- 
tionated on DEAE-Sephadex. One 
fraction was enriched in proteins which 
migrated on SDS gels in the vicinity of 
brain tubulins. Indeed, microtubules could 
be produced from this fraction either by 
self-assembly in glycerol or by ‘precipi- 
tation’ with the plant metabolite taxol 
which enhances the polymerization. of 
tubulin’. It is of interest that comparative 
peptide maps suggest that whereas brain 
and plant B-tubulins are very similar, the 
a-subunits are different. As Clayton et al. 
have suggested’, this could be the basis of 
the relative resistance of the microtubules 
of microorganisms to drugs such as 
colchicine and this explanation would now 
seem to apply to higher plants as well. 
Provided that satisfactory cell synchrony 


can be obtained, the stage is now set to see 


whether there are cycle-specific classes of 
plant tubulins. 
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- understood and difficult to pinpoint, and 





Saning of micotabulesi inthe endospe m 
of Haemanthus (giant African blood lil 
by an immuno-gold method. Using this- 
technique, anti-tubulin antibody- 
decorated microtubules can be made 
visible by the subsequent addition of- 
colloidal gold-tagged antibodies and 
beautiful pictures have been obtained of 
interphase and mitotic arrays. One point to ~ 
emerge from this work is that cytoplasmic 
microtubules seem to be grouped around. - 
the nucleus to the extent that itis concluded ~ 
“that the nuclear envelope or the nucleus, 
or both, is instrumental in tubule 
nucleation and arrangement”’. This is. 
intriguing since sites of microtubule _ 
nucleation in acentriolar plants are poorly = 











































this study gives (some of) them a definite _ 
perinuclear location. The function of these 
cytoplasmic microtubules in endosperr : 
(which, at stages, is liquid; containing 
less nuclei in a syncitium) is enigmatic 
had not: been previously detecte 
therefore possible that they 
different function to the pla 
membrane-associated microtub 
believed to help orientate cellulose micro 
fibrils and which have been reported t 
emerge, in Azolla roots, from nucleatio. 
sites located at the cell periphery’. Anothe 
interesting feature of this. study is | 
shows pth eae microtubules 



































nucleation events for diffe reni mici otuby 
assemblies whose bouts of activity are no 
mutually exclusive. | 
The large nuclei of Haemanthu 
endosperm make it ideal material for thi 
study of mitosis and, as Euteneur anc 
Mcintosh* have shown with their work otr 
microtubule polarity, for phragmoplas | 
formation also. Interphase cytoplasmic 
hoops of microtubules are absent from this 
tissue, however, and other. material must 
be used to study them. The difficulty with 
applying antibody-based techniques too 
walled cells is that the wall generally 
excludes. antibodies, but there are now 
ways around this problem. By pre-fixing 
roots with aldehydes, Wick ef al. | were 
able to preserve cell shape before degrading 
the wall with enzymes and with EGTA 
(which presumably weakened intercellular 
calcium pectinates). Following this treat- 
ment, gentle squashing released cuboidal. 
cells which could at this stage be per- 
meabilized with acetone before carrying 
out double immunofluorescence using 
anti-tubulin antibodies. For the first time, . 
the PPB has been visualized by immuno- 
fluorescence and all four assemblies are 
beautifully illustrated. Some interesting. 
aspects deserve comment. For example 
the same time as the PPBis stained, so 
nuclear envelope, which appears 





























asly days in this migree détaited phase 
of plant cell biology but already the new 

_ approaches are presenting tantalizing and 
unexpected findings. With such techniques 
now successfully applied to higher plants, 














































< from J.M. Worlock 


"THE report that Gottfried H. Döhler and 
-his colleagues have been able to grow a 
-specimen of gallium arsenide (GaAs) in the 
_. form of adoping superlattice! is an exciting 
landmark. in semiconductor physics. For 
- Dohler, primarily a theoretician, at the 
Max-Planck Institut fur. Festkor- 
per forschung in Stuttgart, the develop- 
ent is the culmination of ten years’ work. 
aving discerned the properties expected 
f a doping superlattice’, he has now 
ersuaded colleagues in Stuttgart and 
Aunich to grow the new lattice and to 
on irm his predictions. ` 
‘Interest in semiconductor superlattices 
i oes back to 1970 when Esaki and Tsu’, at 


> Fig. 1 Spatial variation of the conduction 
- and valence bands in two types of semi- 
conductor superlattice: a, doping 
-> superlattice of alternating n-type and _ 
p-type layers; 6, compositional 
superlattice with alternation of crystal 
<o composition. The solid and dashed lines 
represent simply sinusoidal’ and sharp- 
edged | band variation respectively. E,s are 
bandgap energies of the constituents and 
V; is the amplitude of the superlattice 
| potential, fixed. by the doping levels in a, 
: i and depending on: both the and elec- 
-tron affinities in b, where the amplitudes of 
variation in valence and conduction bands 
need not be equal. After ref. 3. 
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a Electrons in novel two-dimensional structures 


IBM, perceived that it was possible, at least 
in principle, to improve on nature and 
design semiconductor microstructures 
with carefully tailored properties. 

They envisioned 
semiconductor superlattice. One, a doping 
superlattice, is that analysed by Dohler 
(and independently by Yu. A. Romanov‘) 
and recently realized. The other, a 
compositional superlattice, was realized as. 
early as 1974 by groups at IBM? and Bell 
Laboratories® and has been much studied’. 

Figure 1 shows the spatial variation of 
the electron bands in the direction of the 
superlattice. The. doping superlattice (Fig. 
la) is seen to those familiar with semi- 


conductors to be simply an alternation of 

~ annihilation or recombination is slowed by 
-their inability to approach each. other. A - 
“second consequence is that some of the 
i bending of the bandsis undone by the extra 


p-n and n-p junctions. T he periodic. rise 
and fall of the conduction and valence 
bands is caused by a periodic variation of 
impurity concentration. The rise and fall 


also mimics on a more macroscopic scale. 


the periodic attraction and repulsion that 
electrons experience in the microscopic 
atomic lattice: electrons are attracted to 
minima in the conduction band while holes 
are attracted to maxima in the valence 
band. 


Ina anpa superlattice (Fig. 1b), 
on the other hand, alternating layers are of 


different elemental composition. Locally, 
each composition has its own band 
structure, so that within limits the periodic 
variation of the conduction and valence 
bands. can be arbitrarily chosen. The 
periodic structure shown in the figure 
resembles the familiar case of the 
combination of GaAs, with bandgap £,,, 
with an alloy semiconductor aluminium—- 
gallium arsenide (AlGaAs) having a 
slightly larger bandgap. A more recent 
development, the type 2 superlattice, 
conceived at the IBM laboratories, is 
exemplified by the combination of indium 
arsenide (InAs) and gallium antimonide 
(GaSb). Here the valence and conduction 
bands interpenetrate, resulting in a much 
more complicated superlattice. 


Dohler et al. $ doping superlattice has 5 
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Fig. 2 Spatial variation of the conduction 

: and valence bands in an excited state of the 
superlattice. The extra electrons (gathered — 
in conduction valleys) and holes (gathered 
near peaks in valence band) are implied by 
the separation of chemical potentials, 4, 
and fo for thetwo species, Recombination 
is slowed by the spatial separation of 

electrons from holes. After ref. 1. 


been produced by growing a crystal of : 
GaAs by the technique of molecular beam 
epitaxy (MBE). Planar layers of ~ 40 nm 
thickness (~~ 150 atomic layers) were doped 
alternately with silicon (n-type) and 
beryllium (p-type). atoms, at densities of 


a about | 10'8 atoms per cm’. The resulting 






of the superlattice crystal is 
shown (Fig. 2)in the excited state resulting . 


from illumination, which puts extra holes 


in the valence band and extra electrons in. 
the conduction band. “The extra electrons 


and holes are spatially separated with the .. 
interesting consequence that they can have — 


‘anomalously long lifetimes, their mutual 


carriers, leading toa crystal with a. 
‘bandgap’ | oniguely: “sensitive to 
illumination. - Se 

‘Dohler et al: have. produced unam- o 
biguous evidence. for this. sensitivity ( Fig. 
3). The quantum energy of the photo- 
luminescence measures this bandgap, : since 
the luminescence is annihilation radiation. 
‘At low excitation intensity, the bands | 
shown in Fig. 2 are strongly bent and the — 
gap energy is small, around 1.3 eV; but as 
the excitation intensity is increased, the gap 
energy shifts higher, approaching the 
energy of the bandgap of undoped GaAs, 
at about 1.53 eV. 

Further evidence for the formation of a 
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i0 can be changed by optical 






techniques used in growing semi- 
uctor superlattices are potentially of 
great importance. MBE, which originated 
at Bell Laboratories in the late 1960s, is one 
of 2 a class of epitaxial crystal growth 
‘processes in which new material forms in 
thin layers on top of and in register with an 
existing. crystalline substrate. These 
processes differ from each other in the 
manner in which new atoms are brought to 
the growth surface. Although other 
epitaxial processes have grown excellent 
crystals,- precise control down to 
a ne dayers | is still attained only with 












1 ve been fabricated starting. with. 
epitaxial growth are light-emitting diodes 
(LEDs), lasers and detectors; all of these 
are useful in the expanding field of optical 
communications, while LEDs also have 
an applications as display. devices. 
of the precise control which is 
MBE growth and because of the 
vat Bell Laboratories, of 
ji wa, researchers have been 
struct extremely smooth planar 
mensional) pathways for electronic 
} onduction. Highly mobile electrons 
travelling in these layers may be involved in 
tomorrow’s high- Reauenty electron 
devices. 

But equally important is the | ‘pure 
physics’ excitement which has attended the 
refinement of the MBE technique. Some of 
the earliest experiments were used to 
demonstrate. the quantum-mechanical 
le-in-a-box behaviour of electrons 
and ‘Wannier excitons in AlGaAs—GaAs 
superlattices. More recently some 













a Fig. 3 Optical spectra of the recombination 
luminescence emitted from a doping 
- superlattice, showing how the increasing 
incident intensity shifts the radiation to 
higher frequency, implying that larger 
populations of electrons and holes change 
the apparent bandgap energy. After ref. 1. 
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alleys, and how these’ 


oi important: optičl- devices 


influence on the localization of mobile 
particles in 2D, and studies of electron 


localization in epitaxial layers have 


increased our understanding of this 
concept. 

A startling effect in 2D transport was 
discovered in 1980 by Klaus von Klitzing 
and his co-workers!®. Their anomalous 


Isotopic anomalies in meteorites 


Jrom Edward R.D. Scott 


Waat D.D: Clayton! has called a new field | 


of astronomy, ‘astrochemistry’, is 


developing from an appreciation? that the 
Solar System did not form from a hot well- 
mixed cloud of uniform chemical and. 
isotopic composition, as was once 


believed. Exciting discoveries of isotopic 
anomalies in meteorites, made during. the 


past decade, are being used to test and 


develop theories for the formation of 


of interstell -dust and the origin of the 


Solar System. Studies of the isotopic 


composition of oxygen and magnesium in 
chondrites provide crucial evidence for-a 
dust component in the early Solar System 


containing essentially pure '*O, and °Mg 


excesses that result from the decay of “Al. 


Relatively simple, attractive and testable 


models have been proposed to explain the 
oxygen. isotopic. ‘abundances, but the 
interpretation of the Mg excesses is more 
controversial. 

- R.N. Clayton and his associates? have 
established that the oxygen isotopic 


compositions of minerals and components | 


in chondrites are a result of various degrees 
of mixing between reservoirs with in- 
trinsically different isotopic compositions. 
Ona plot of "0/150 against 10/150; data 
for chondrules and nearly all Ca-Al-rich 
inclusions define a set of closely spaced 
lines with slopes of 0.94-0.97. (Terrestrial 
samples define a single line with a slope of 
0.52, because of mass-dependent 
fractionation processes.) Three lines have 
so far been identified for H-L-LL, CM and 
CO-CV chondrite groups, but others may 
be resolved. On the three-isotope plot, the 
lines appear to radiate from a point 
marking the oxygen composition of 
spinels, which occur in Ca~Al-rich 
inclusions and have the lowest !70/'*O and 
180/10 ratios of all minerals. Isotopic 


compositions of minerals may also depend | 


on the nature of the host chondrule or 


mune ne ee variations are found 
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variable isotopic composition, and \ 
mixed interstellar dust, about 5 per cen 


3,7,8). Dust; orchondrules and inclusions. 
Í derived from this dust, exchanged oxygen : 
elements instars, the formation and history > 
ich as spinel are presumed to preserve the 
original isotopic composition of the dust. 
‘because of their low oxygen diffusion rates. 


inclusions, which are those with many large 
isotopic anomalies?, may have formed- 


g dimensional space > (2D) have r received grown A 
attention. The effects of randomness or gi 
roughness of the pathway have a powerful 





pe theoretical l insight into m 
reduced dimensionality. ae 
Many more examples of exciting deye- 
lopments.could be adduced, showing that 
new structures can be exploited both for = 
new devices and for new science. I expect. 
the doping superlattice to follow in this =- 
honourable tradition. Else 






















































in the Ca-Al-rich inclusions of — 
carbonaceous chondrites. | i 
Oxygen isotopic data suggest that meteo- : 
rite components largely formed from two. 
ingredients: interstellar gas with a slig 


ae 





which contained essentially pure !®O (refs 


(Oxygen diffusion rates in these minerals: 
have. not yet been measured.) FUN 


from poorly mixed interstellar dust balls®. 
During their formation, these inclusions — 
experienced | large isotopic. fractionation, - 
before partial exchange of oxygen with the 
gas’. Oxygen shows the most widespread 
isotopic anomalies because it was the only 
element that was abundant i in both nebula > 

gas and dust®, - 

- Wood? deduces from these and other 
data that the Ca-Al-rich inclusions and © 
chondrules did not form by condensation _ 
from a gaseous solar nebula!®, as many 
once believed. He supports D.D. Clayton’s 
view"! that they formed from unvaporized . . 
aggregates of interstellar grains. Ca-Al- 
rich inclusions probably formed either as. 
distillation residues during unspecified 
heating events in the solar nebula’, or aso o 
condensates from supernova ejecta’. 

In contrast, the picture obtained from __ 
studies of magnesium isotopic abundances is- 
relatively confusing. Excesses of 76Mg 
formed by decay of **Al have been found in 
several minerals with high Al/Mg ratios!?. 
About 15 Ca~Al-rich inclusions in the 
Allende meteorite have been found to 
contain 7*Mg excesses that are correlated _ 
with the Al/Mg ratio. However, the 
proportion of their Al atoms that were 
radioactive when the inclusions forme 
(the initial 26A1/’Al ratio) varied wide 
from < 2x 107 to 10° (see ref. 12). 
types of inclusion (type ul have va 
















































4 ferences 1 may be due to a difference of up to 
9 Myr in their times of formation (or final 
internal equilibration). Alternatively, 
2641/27 Al ratios may have varied widely in 
-the solar nebula!*, However, the size of 
isotopic variations that would be needed to 
account for simultaneous formation of 
these inclusions is much larger than has 
been found for other elements. 
Bar-Matthews ef al.'* have recently 
analysed an unusual Ca-—Al-rich inclusion, 
which contains corundum (ALQ,), in the 
Murchison meteorite. If the inclusion had 
formed by equilibrium condensation from 
a slowly cooling gas of solar composition 
(which now seems rather unlikely), 
corundum should contain a large “Mg 
‘excess, as it is the first major mineral 
predicted to condense!® and has a very high 
= :AWVMg ratio. Instead, the authors found 
only small Mg excesses, which were 
<> uncorrelated with the Al/Mg ratio and 
-which they attributed to Mg isotopic heter- 
 Ogeneities. 
-3 The lack of excess Mg in Murchison 
< corundum and the wide variation in the 

















inclusions are cited by D.D. Claytont as 
vidence against decay of Al in the Solar 
ystem. He rejects explanations of time 
differences or isotopic heterogeneities and 
argues that Al decayed in interstellar 
grains. He attributes correlated **Mg 
- excesses in individual anorthite crystals to 
precursor ALO, stardust. This contro- 
versia] idea has stimulated more precise 
experiments, but is still a minority view. 
Analogous problems have arisen in the 
interpretation of !*°Xe excesses in ordinary 
“chondrites due to decay of 71, which has a 
half life of 17 Myr. If PI was 
~ homogeneously distributed in the solar 
nebula, then two chondrules in the 
Bjurbole chondrite formed 2 Myr apart'*, a 
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itial *®A1/*7Al ratios of Allende 


Transmitted light photograph. 

of the Vigarano carbonaceous 

chondrite showing Ca-Al-rich 

inclusion with complex rims and 

smaller chondrules. Actual size: 
8x il mm. 


surprisingly long time., D.D. Clayton has 

also questioned the existence of live! Tin 
the Solar -System!, but the best working — 
hypothesis seems to be that the I~Xe time — 
differences, like those for the Al-Mg 
chronometer, may be real. Some authors. 


have invoked planetary, rather than 
nebular, processes to form chondrules!”.! 


and Ca~Al-rich inclusions!?, This might 
help to explain. the large spread of 
formation ages of chondrules. and- 
inclusions, but the oxygen isotopic data 

drule “Caa 


intracellular concentration of cyclic AMP, 
which is in turn determined by the carbon 
source available to the cell. This. pheno- 
menon is termed catabolite repression and 
is mediated by a complex of cyclic AMP 
and the cyclic AMP receptor protein (CRP) 
which together form a transcriptional acti- 
vator. There has long been evidence! for 
another regulatory system controlling the 
balance of nitrogen assimilation enzymes 
in bacteria, for example, histidine (AuHand 


proline (put) utilization, and nitrogen. 

fixation (nif). This phenomenon, which. 
has been termed ‘nitrogen control’*, has 

received considerably less attention than — 
catabolite repression although a model for 
control of nitrogen assimilation was 
proposed in 1973 (refs 3,4). Recent 
evidence from genetic studies in a number 
of organisms suggests that the system is _ 
considerably more complex than originally | 
proposed and involves both positive ie protein an 


negative regulatory elements. 










_isno pete on tobea A in b 


high-tempe atu e t a 

Progress inasttochemistry will be giéatly 
advanced when the origin of the 
chondrules and Ca~Al-rich ‘inclusions is 


-better understood. This probably requires.* 


a realization that all the inhabitants in the 


-exotic menagerie of chondritic com- 
“ponents — Ca~Al-rich inclusions and 


chondrules, mafic chondrules, aggregates 


-and matrix, and metallic Fe, Ni — have 


interrelated Origins. The origin of 


a, in enstatite chondrites, for 


a cannot be divorced from. an 


| sioria glutamine synthetase (GS). They 


postulated that GS was responsible not 


a oA,” only for the biosynthesis of glutamine and — 
for jee pc: ara, pe is affected by the i 
glutamate, but also for the activation of 


the assimilation of nitrogen into 
transcription of operons such as Aut and 
put. The enzymatic activity of GS is 
regulated by the reversible adenylylation of 
specific tyrosyl residues on each subunit of 
this dodecameric protein. In conditions of — 
nitrogen starvation, GS is deadenylylated 
and highly active, and Magasanik et al. 
proposed that this deadenylylated form of 
GS. was an activator of transcription. 
Evidence for the model included the 
isolation of mutants, believed to be in the 
GS structural gene (ginA), which showed 
altered regulatory properties’. 

In the last five years, studies of nitrogen 
control have been extended to Salmonella 
typhimurium, E. coli and Klebsiella 


_ pneumoniae as well as K. aerogenes. A very 
_ different model for regulation of nitrogen 


assimilation has: now emerged in which GS 








Studies on the regulation of histidase MA, des 












synthesis in Klebsiella aerogenes originally 
led Magasanik and co-workers to formu- 
late a model in which the principal ¢ 
regulator of nitrogen assimilation was the af St 
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: Repressor 
"Activator 


are e contiguous swith the GS structural gene, 
ginA, and this close linkage confounded 
the earlier analysis of mutants. 7 
The ntrA gene (originally designated 
ginF) was first identified in. S. 
typhimuriunt. NtrA is not linked to ginA 
but mutations in this gene result in 
oe titutive low levels of GS and glutamine 

















Microbiology i in Dallas, i 


transcribed either from its Own.: ‘Weak 


itanscription from the ein protaoter 
(P,)?. The products of the E. coli ntrB and 
ntrC genes have been identified as. 
polypeptides of molecular weights 36, 000 
(ntrB 14 and 54,000 (marO: 

The glutamine auxotrophy induced by 
ntrA mutations can be suppressed by 
mutations in either ntrB or nirC with a 
resultant constitutive low level of GS 
synthesis. Hence it seems that in ntrA 


mutants, GS is permanently repressed and 


this repression is relieved by nirB or ntrC 
mutations, leaving a low level of unregu- 
lated ginA_ transcription from P,. This 


suppression does not, however, extend 3 


to other operons under nitrogen control 


which fail tobe. activated | in alo 
ntrA~ strains. In an nirA* background, 
ntrB mutations. result in constitutive 


expression of ginA. whereas. most ntrC 
‘Mutations prevent expression of ginA an 
other ze dér nitropen coniro 














ies seribed fron that Lto ginG a ae “ >X 


Operons under 
nitrogen control p 





-Model for nitrogen control i in S. typhimurium and E. coli. 


cription of genes under nitrogen control, 


including ginA. Repression requires both 


the ntrB and nirC products (possibly acting 
as acomplex), hence the suppression of the 
ntrA Gin phenotype by mutations in either 
ntrB or nirC. However, activation 
apparently requires only the nirC (and 
ntrA) product(s) because nirB mutants 


express ginA constitutively. The Gin- 

phenotype of certain ntrC mutants is pro- 

_ posed to be due to the ntrB-—nirC complex 
i being permanently: locked i in the repressor 


molecular cog on Rere of trans- 


cription - — a signal of nitrogen deficiency?. 


It is of interest that certain operons, 
for example, Aut, are subject to regulation 
by catabolite repression and by nitro- 
gen control mediated by the elements 
described above. 

The ntrB, ntrC regulatory system in 
which two genes in a single operon encodea 
repressor and an activator respectively is 
almost unique among the bacterial 
control systems so far analysed. However, 


one other system shows striking analogies 


to that proposed for nirB and nirc. 
The nitrogen fixation (nif) regulon in K. 


pneumoniae is controlled by two nif- 
‘specific regulatory genes, nifL and nifA, 
which act respectively to repress or activate 
nif transcription'®!’, These two genes 
“comprise a single operon, nifLA, and their 
` products may also function as a protein 
complex. As with nirB,C, the product of 


one nif gene, nifA, is alone sufficient for 
ation of transcription’*. Interestingly 
he nifLA operon is in turn regulated by the 


general nitrogen control system which our 


is- . recent studies have shown to be essentially 





>A -Prival, Mi, Brenchley, LE., & Magasanik, B. 7. Biol. 


Ui, Espin, G., Alvarez-Morales, A. & Merrick, M. Molec. gen, 








yphimur 
‘The: recent work. descr jed above she 
stimulate new interest in the regula’ t 
nitrogen assimilation, but just. as t 
mechanism of ċatabolite repression is still ; 
not completely understood!®, the detailsof 
nitrogen control will probably take con- 
siderable time to dissect. In the meantime, 
a recent report of a regulatory locus closely 
linked to the structural. gene for GS in 
Bacillus subtilis prompts speculation aso 
to whether nitrogen control in organisms 
other than the enteric coliform bacteria is 
mediated by asimilar geneticsystem. © 
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100 years ago 










The Photographic Gun — It takes twelve images, 
in one second, of an object on which the piece is 
continuously sited. The exposure time of each 4. 
image is !-720th of a second. It is being applied to  { 

the taking of birds flying. E 
From Nature 26, 25 May 1882. 
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: however, for those ‘concerned ‘with the 
_. biological importance of these metabolites 


~~ raised more questions than it answered. 
>> Take, for example, the role of the two 
‘kidney metabolites of vitamin D, 
-1,25-dihydroxyvitamin Do ,25-(OH),D) 
os and 24,25-dihydroxyvitamin D 
-.-(24,25-(OH),D). The former is the active 


hormonal form of vitamin D. The contro- 


-= versial suggestion that 24,25-(OH),D is 
= also.a potential hormone active in bone was 
> made several years ago but it is still far from 

clear whether 1,25-(OH),D alone is 
necessary to cure the bone disease osteo- 


J 








are required. | 
Obtaining an adequate sùpply öt vitamin 


for the young. The two main sources are 


mer. For most people. in. Britain, 
inc uding the elderly, it is the latter source 
which is the most important (Lawson etal. 
_ Br. med. J. 11, 303; 1979). 

- Although both young and old are said to 
produce equivalent amounts of vitamin D 
when exposed to UV light (Davie & Lawson 
Clin. Sci. 58, 235; 1980), the concentration 
of the precursors of vitamin D, inthe skin 


(Massachusetts General Hospital) reported 
hat the epidermal stores of 7-dehydro- 





o age, asis the amount of pre-vitamin D, 








D One possible Go of 7-DHC stores 
-is the kidney metabolite 1,25-(OH),D. 
_ Holick has detected a high-affinity, low- 
capacity receptor for 1,25-(OH),D, in 
~ fibroblasts and keratinocytes cultured 
from skin biopsies taken from normal 
volunteers that was absent in cells cultured 
froma skin biopsy of a patient with vitamin 
D-dependent rickets type Il. The kidney 
metabolite increased the ratio of 7-DHC to 
cholesterol in cell cultures of keratinocytes 
_» and Holick suggested that stores of 7-DHC 
— in skin may be controlled by 1,25-(OH),D, 
: inhibiting the conversion of 7-DHC to 
cholesterol. 
The steps in the conversion of 7-DHC to 
Se pre-D, and then vitamin D, are controlied 
by UV light and temperature respectively. 
The vitamin is removed from the skin 
ttached to a a specific vitamin n D-binding 
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. protein’ n (DBP) v which has ; a ah ner. 
eof affinity for vitamin D, than for pre-D, and 
r satisfied about. There is is Jess satisfaction, | 


= and a recent workshop* on vitamin D 


;malacia — caused by a deficiency of- 
tamin D — or whether both. metabolites | 


Dis a greater problem for old people than. 


from food and exposure to UV light in the | 


“seems to fall with age. M.F. Holick 


cholesterol @7-DHC) are inversely. related | 


ruary. 1982. Toetie ; 


ae in the Decne of 


so allows only the former to enter the 
circulation. 


There has been. much speailation about 


the function of DBP and argument about 
the importance of free and bound vitamin 


D,. metabolites in plasma. It now seems. 


clear that the major role of DBP is as a 
storage protein for vitamin D metabolites, 
for which it has a high affinity. 

Recently Haddad et al. (J. clin.. Invest. 
67, 1550; 1981) suggested that vitamin D 
and its metabolites attached to DBP might 
first bind to a membrane receptor and then 
be pinocytosed into cells. R: Bouillon 
(University of Leuven) reported, however, 
that he could find no sign of a membrane 
receptor for DBP. Labelled DBP did not 


bind to kidney cells in culture in any. 
appreciable quantity and the little that did 
bind was not altered- by the ‘presence of | 
either vitamin D metabolites or unlabelled -x 
DBP. The binding was therefore not. 
specific, a finding which: Bouillon 
confirmed using immunofluorescent | 
$ techniques. e 
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e gut, ‘where it 
port of calcium. 
i De Luca (J. biol. 
Chem. 256, 3848; 1981) and D.E.M. y 
Lawson (Dunn Nutrition Laboratory, a 
Cambridge) believe that it is new proteins 
synthesized in the mucosa in response to 
1,25-(OH),D which facilitate calcium 
transport across the gut. ‘But H. 
Rasmussen (Yale University) argues that 














the increase: in calcium transport is not 


affected when. protein. ‘synthesis. iso 
inhibited. He has observed that. 
1,25- (OHD increases. the synthesis. of 
phosphatidylcholine i in mucosal cells — in 


the absence of protein synthesis — and he | 


believes that this. change is necessary for 
active calcium transport. A 
Rasmussen claims that the increased 


'phosphatidylcholine concentration is 

“eventually reflected in changes in the . 
phospholipid composition of the brush — 
border membrane 


D.D: Bikle (University 
ably support this 
wly synthesized 












views. “He rulec 





Protein within br sh order membrane, or 
altered: phosphorylation of proteins in 










sponse to 1,25-(OH),D, as the 


t s- explanation for the increased calcium flux 





icross the membrane. He found that 


es calcium transport occurred in the absence + 


a of both these changes. 


jjec : 
pasitive corrélation v was found between the — 
serum concentrations: of DBP and 
1,25-(OH),D. As vitamin D status does not 
affect DBP levels, the correlation suggests 
that 1 .25-(OH),D levels are’ ‘related to 
changes in DBP concentration and that the 
free, rather than the total, 1, ,25-(OH),D 


concentration is feedback regulated. 


Despite a 1 ,000-fold difference between a 
the- total concentrations of the liver 
metabolite 25-hydroxyvitamin D and 
1,25-(OH)D, the difference between the 
free concentrations and these metabolites 
is only 10-fold (Bouillon). If it is the free 


hormone which is important, it is clear that 
some thought will have to be given to the 


value of the current assays which measure 


total concentrations of vitamin D 


dietary vitamin D has no det 
-ọn either the polarity, or lipid flu i 
-the membrane; neither does i al ter: ‘its e 
cholesterol or lipid phosphorus content. It 
seems, however, that some consensus view, 
_ which relies on both protein synthesis and 
lipid turnover to explain the action of 


< J.A. Putkey (University of California), 


a however, could find noevidence to. support : 
the lipid hypothesis. Use of a spin Jabel 


probe, 5-nitroxide stearate, showed that f 





i ,25-(OH),D in the gut, is sure to emorge 
sooner or later. 

If just one or two of vitamin D’s meta- 4 
bolites can generate so much controversy, 
then the chemists would seem to have 
provided ample ammunition to allow the 
disputes to continue for sometime yet. © 
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Variety in the level of gene control 
in eukaryotic cells 


James E. Darnell Jr 
The Rockefeller University, New York, New York 10021, USA 


In light of present progress in the understanding of how messenger RNA is constructed in eukaryotic 
cells, the levels of gene control are discussed. Transcriptional control, assessed by the rate of synthesis 
of specific nuclear RNA, ıs strongly indicated to be the most frequent level of control. Definition of 
eukaryotic transcription units as simple (encoding one protein) and complex (encoding two or more 
proteins) affords a framework in which to discuss control at the level of RNA processing for which 
several examples also are known. Finally, differential stability of cytoplasmic mRNAs and differential 
translation, both well established, are briefly described. 


THE study of gene control in eukaryotic cells has matured over 
the past five years into one of the most active and productive 
fields ın experimental biology Earher conclusions about 
eukaryotic gene control were deferred because mRNA produc- 
tion in eukaryotes 1s not a simple matter of transcribing the 
RNA Especially in vertebrate cells, the transcription units for 
mRNAs are longer than the final mRNA product’* Several 
‘processing’ steps occur to primary RNA transcripts ın the cell 
nucleus before the mRNA emerges to be translated in the 


~ cytoplasm, involving the addition of a methylated guanylate 


residue—a ‘cap’—at the 5’ end of primary transcripts’, the 
addition of adenylic acid residues to a site in the primary 
transcript to create a 3’ poly(A) segment®? and finally the 
removal of specified interna] sequences (introns)'* and rejoining 
or splicing of the remaining RNA pieces (exons)** to create a 
finished mRNA (refs 15-17, Fig 1) 

This complicated mRNA formation, together with the 
ordered, complex structure of the nucleus and cytoplasm of 
eukaryotic cells and the different fundamental needs served by 
a genetic programme in slowly growing or non-growing 
differentiated eukaryotic cells and rapidly adaptable bacterial 
cells, have long spurred speculation®'*® "° that eukaryotic gene 
control might differ from that ın bacteria In particular, ıt has 
been suggested that eukaryotic genes are subject to regulation 


~at more levels than are bacterial genes In addition to transcrip- 


tional regulation, there might be regulation of RNA processing 
in the nucleus, mRNA transport from the nucleus, and mRNA 
stability and frequency of translation in the cytoplasm 

With the major mechanical steps of eukaryotic mRNA forma- 
tion now understood, it is possible to describe more accurately 
the anticipated levels and varieties of eukaryotic gene control? 
In fact, regulation of the amount of specific mRNA molecules 
has been demonstrated at the level of transcription, nuclear 
RNA processing and mRNA stability Here I shall cite evidence 
supporting a variety of levels of eukaryotic gene control The 
experiments reviewed mainly demonstrate the levels of control 
mRNA concentration, and not the biochemical mechanisms 
underlying the controls No attempt ıs made to review the 
control of transcription units encoding ribosomal RNA, transfer 
RNA or 5S RNA (RNA polymerase I and III transcription 


‘units, transcription of SS RNA has been recently reviewed”’) 


The relationship between gene control and chromatin structure 
is not discussed but has been the subyect of a review recently 
published*’ It 1s clearly possible to envisage gene control at 
the level of differential translation of mRNAs and potential 
differential post-translational events, but these subjects have 
received less experimental attention, so they will be mentioned 
only briefly 


RNA transcription and transcriptional control 


The first level of control in eukaryotic cells ıs in the choice of 
RNA polymerases In contrast to bacteria, eukaryotes have 
three RNA polymerases polymerase II transcribes genes that 
encode proteins? 7”, polymerases I and III have already been 
mentioned Both m vivo” and in vitro”, RNA polymerase 
II initiates transcription at a site located at least ın part by a 
conserved 8-10 nucleotide region 25-30 nucleotides upstream 
(in the 5’ direction) from the RNA start site The nucleotides 
TATA are strongly conserved at this site** 7° and the region 1s 
known as a ‘TATA’ or Goldberg—Hogness box” Undoubtedly 
other sequences are important in regulating access of poly- 
merases to DNA Reports on viral, yeast and individual mam- 
malian genes point to the importance of sequences upstream 


Time and 
30 frequency 
AA n AAUAAA oi 
S s 
Transcription 50-100 N’s per 
Cap addition ~i sec, to all 
transcripts 
N 
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poly(A) ~l min 
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I 
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Fig. 1 Steps in mRNA formation (1) DNA indicating the sites 
of initiation (INIT ), about 30 nucleotides to the 3’ site of aTATA 
box, and of termination (Term ) of transcription (2) Initiated 
transcript with cap (m’Gppp) added to the first nucleotide (N) 
(3) Transcript after polyadenylation—-the addition of a sequence 
of about 200 adenylate residues (A200) at the poly(A) site, which 
18 10-20 nucleotide bases downstream from the conserved hexanu- 
cleotide AAUAAA Between steps (2) and (4), mammalian 
mRNAs acquire methyl groups (~CH:3) on the 6 position of about 
1 of every 100 adenylate residues The exact time of methyl group 
addition ıs not known (4) Messenger RNA formed by splicing 
X, poly(A) site, s, splice site 
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from the TATA box (see, for example refs 28-33) Although 
no consistent picture has yet emerged for the role of these 
upstream sequences ın transcriptional control, intense research 
in this area should yield important conclusions soon 

Here we are concerned more with establishing the variation 
of transcription rates than with the basis for the variation 
Transcription initiation is widely believed to be the major 
controlling step in transcriptional control Little is known, 
however, about transcriptional termination, which might also 
be a level of control For example, all RNA polymerase I] 
complexes that begin a chain do not transcribe the entire chain 
Prematurely terminated transcripts are produced from viral** 
and probably cell” transcription units Little ıs known about 
the specificity of transcriptional termination sites although poly- 
merases seem regularly to pass poly(A) sites’ ’* Recent 
evidence suggests that, for the major late adenovirus’? "' and 
the major -globin transcription units'® there exists a region 
of termination, if not a specific site 


Transcriptional control 


The various mechanisms for transcriptional control are very 
familiar from the classic studies of bacterial gene regulation’ *’ 
In bacteria, both regulated increases and decreases of transcrip- 
tional initiation are possible and two types of regulation of 
termination can occur—‘readthrough’ to the next gene and 
premature termination or ‘attenuation’ which stops transcrip- 
tion before the coding portion of the gene is reached” 
Apparent control of transcriptional initiation that results in an 
increase or decrease of mRNA has been documented ın several 
cases in eukaryotic cells and one case of differential termination 
has been described The evidence reviewed here shows clearly 
that the most frequent mode of eukaryotic gene control 1s at 
the transcriptional level 
Measurement of transcription control. Bacterial geneticists used 
RNA-DNA hybridization to document the existence and very 
short half hfe of mRNA? and to map transcription 
units?” ***°** The simple presence or absence of specific 
mRNAs was taken as evidence (correctly ın most cases) for 
transcriptional control However, in eukaryotic cells, a changing 
level in the steady-state concentration of a given MRNA or an 
increased labelling of mRNA after relatively long label times 
could partly be due to differential nuclear or cytoplasmic 
stabilization To avoid this difficulty it ıs necessary to hybridize 
very briefly labelled (‘nascent’) nuclear RNA to DNA sequences 
corresponding to a specific mRNAŽ The ideal method to label 
nuclear RNA 1s expose cells to radioactive RNA precursors for 
say <5 min, and thereby sample the labelled nuclear RNA even 
before the acid-soluble triphosphate pool has become fully 
labelled’? ?’5 But this ts often not practicable because so little 
of the total RNA output (usually 5 x 107°-5 x 107° of the total) 
from the nucleus 1s due to transcription of a single genet’? ** 
Fortunately there ıs another suitable method for labelling nas- 
cent nuclear RNA In isolated nuclei, previously initiated RNA 
polymerase II molecules elongate growing RNA chains by less 
than 500 nucletides ın 10-20 min of incubation’ RNA 
synthesis ın isolated nucle: depends on nucleoside triphosphates 
(NTPs) and thus nuclear RNA can be highly labelled with 
high-specific activity NTPs Two studies suggest that i vitro 
chain elongation is an accurate reflection of a brief label inside 
cells First, ın the cases of adenovirus-2 transcription units’ and 
the major B-globin transcription unit*, the polymerases ın 180- 
lated nuclei elongate intact molecules covering the entire tran- 
scription unit Second, the fraction of total :n vitro or in vivo 
labelled RNA complementary to varous specific DNA seg- 
ments is similar'~* 45-48 

Therefore isolated nucle: are widely used to prepare nascent 
RNA for the measurement of differential transcription of 
specific genes All the experiments I cite as establishing tran- 
scriptional contro] have used RNA from either pulse-labelled 
cells or isolated nucle: to estimate transcriptional rate 
Adenovirus transcriptional control. The changes in virus protein 
and virus mRNA synthesis during adenovirus infection have 


been thoroughly explored (Fig 2) Specific increases and 
decreases in rates of transcription, presumably mediated at the 
Initiation step, occur at several sites on the adenovirus genome 
during virus infection In addition, one case of apparent termi- 
nation control has been described The following conclusions 
can be drawn about adenovirus transcriptional controls 

(1) During the first 1~2 h of infection, transcription units 1A, 
1B, 3 and 4 all increase in transcription rate Of this group, 
transcription of 1A appears to peak first In comparison, tran- 
scription unit 2 1s delayed*?*° and the transcription unit for 
protein IX produces no mRNA or nuclear RNA at all for the 
first 4-6 h (refs 51,52), although the protein IX transcription 
unit resides entirely within the early transcription unit 1B (refs 
26, 52, 53, Fig 2) At ~6-8h after infection, protein IX 
transcription increases without affecting the rate of transcription 
of 1A or 1B (ref 52) Among the tests for early activity of the 
protein IX transcription unit was an assay for promoter- 
proximal RNA capable of detecting minimal (~1%) synthesis 
of the first 100 bases of the transcription unit, but still no activity 
was evident? This ıs one of the clearest cases ın eukaryotic 
cells or viruses of transcriptional control at the level of initiation 

(2) Mutations tn transcription unit 1A lead to a failure during 
infection of mRNA accumulation from regions 1B, 2, 3 and 4 
(refs 54-57) This failure ıs due to the absence of transcription 
when a 1A protein product is defective”, but the exact mechan- 
ism of action of the 1A protein remains unknown’? 

(3) P16 (the major late adenovirus promoter) functions both 
early’ and late’ > * *4 in infection, but after DNA synthesis, 
it is 100-1,000 times more active per cell**®° This increased 
transcription is presumably on new DNA templates In com- 
parison, transcription units 1A and 1B on the same strand 
remain equally active throughout infection****°* Thus there 
seems to be a mechanism for restricting polymerase initiation 
to P16 on the new DNA 

(4) Controlled termination of transcription also occurs during 
adenovirus infection” The same P16 promoter produces 
RNA beginning at the same cap site both early and late in 
infection From the late transcripts, five 3’ co-terminal groups 
of mRNA are formed’? 6465, but early in infection only the L1 
poly(A) site 1s found in mRNA“ & Early transcription does 
not seem to pass map unit 60 and perhaps ends between 40 
and 50 (refs 60-62), whereas late transcription continues to 
around map unit 98 (refs 10,11) This 1s equivalent to read- 
through transcriptional control??? As there ıs an enormous 
increase in transcription from P16 when DNA 1s replicated it 
seems likely that transcription of the same DNA molecule 1s 
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Fig 2 Features of the transcription map of adenovirus transcrip- 
tion units (adapted from refs 5, 6, 52, 59-63) The genome 1s 
36 kb long, so each map unit equals 360 bases Each open bar, 
la, 1b, 1X, 3, represents a transcription unit The transcription 
unit P16 beginning at map position 16 1s shown both early (E) 
and late (L) ın infection The arrowheads show direction of tran- 
scription and dashed lines indicate cases where transcription pro- 
ceeds beyond poly(A) sites Only for P16 are the poly(A) sites 
marked(X) Special prominence 1s given to P16 to show that early 
in infection, transcription definitely terminates before reaching 
L3, L4 and LS, the thick black lines under P16E and P16L indicate 
the different regions retained after splicing ın early and late L1 
mRNAs 
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not terminated ın two different ways, but that one transcription 
unit in the adenovirus genome can have different termination 
sites early and late ın infection 

(5) Transcription of region 4 peaks early in infection and 
then at 4-8 h declines to <10% of the rate ıt reached by 4h 
(ref 67) Protein synthesis ıs necessary for this programmed 
decline, particularly a protein from region 2 as mutations in 


, region 2 block the decrease 


SV40 transcriptional control. A specific decrease in the early 
transcription unit of simian virus 40 (SV40) has been docu- 
mented during the later periods of infection®® At the beginning 
of infection, the overall rate of transcription of $V40 ıs quite 
low and there ıs five times as much RNA complementary to 
the early transcription unit as to the late transcription unit 
Late ın infection, after a very large increase ın total SV40 RNA 
in infected cells, there 1s only 1/20th as much RNA complemen- 
tary to the early transcription unit as to the late transcription 
unit This change in ratio of mRNAs from the two transcription 
units ıs probably due to the T antigen, the protein encoded by 
the early transcription unité? T antigen has been shown to bind 
three identical sites within a 100-150 base pair region that 
overlaps the early promoter”? 7”! This binding ıs necessary for 
DNA replication” but also stops or slows considerably the early 
transcription of SV40 The effect of T antigen 1s specific to the 
early promoter as transcription of recombinant DNA 
molecules, in which the adenovirus major late promoter has 
been inserted no more than 50 bases away from the early 
SV40 promoter, 1s unaffected by the zm vitro binding of the T 
antigen to the SV40 promoter”? 
Hormone-induced increases in transcription. Many proteins in 
differentiated cells are known to be produced in increased 
amounts in tissues stimulated by the appropriate hormone 
Transcription in isolated nucle: shows that this stimulation 1s 
due, at least mainly, to transcriptional control 

One example ıs the stimulation of production of egg white 
proteins in the chicken oviduct by oestrogen cDNA clones to 
the egg white proteins ovalbumin’*”*, conalbumin™ and 
ovomucoid”’ all hybridize 10-50-fold more labelled nuclear 
RNA from the nucle: of hormone-treated chick oviduct epi- 
thelial cells than from control cells Nuclei from other tissues 
such as liver or spleen do not make labelled RNA complemen- 
tary to ovalbumin or ovomucoid cDNA Maintenance of a high 
level of transcription in the oviduct requires continuous hor- 
mone treatment 

Liver cells of roosters also respond to oestrogen treatment 
by producing vitellogenin and very low density lipoprotein 
(VLDL)”°”? The cDNAs corresponding to these mRNAs 
detect a greatly increased rate (>50-fold) of RNA synthesis in 
chromatin fraction (lysed nuclei) from treated compared with 
untreated animals Thus increased transcription of specific 
genes by steroid hormones seems well established 

In addition to these cases of cell genes, RNA synthesis from 
the integrated mammary tumour virus DNA also is increased 
by oestrogens”? 
Transcriptional control of chick globin. For the first few days 
after fertilization, chick embryos synthesize embryonic forms 
of a- and -globin Later on adult forms of the two globins 
are synthesized The same cell does not differentiate first to 
form embryonic and then an adult globin Rather, erythroblastic 
cells choose one of the two pathways”? ? Genomic DNA clones 
have been used to show that isolated nuclei from 5- or 12-day- 
old embryos produced labelled RNA complementary only to 
embryonic or adult globin DNA respectively Thus the differen- 
tial expression of these two forms of chick globin appears to 
be controlled at the level of transcription 


_ Liver-specific transcriptional control. A series of cDNA clones 


prepared from mouse liver mRNA were screened to select 
mRNA sequences present in many cell types (‘common’ 
mRNAs) and mRNA sequences present only or mainly in 
liver*® Nuclei from liver cells, cultured undifferentiated cells 
and brain cells were then used to prepare labelled nascent 
RNA AIl 11 liver-specific mRNA sequences were labelled in 
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liver nuclei but not in brain or cultured cell nucle: Sequences 
complementary to the common cDNA clones were labelled in 
all nucle: As the clones used ın the test represented mRNAs 
that ranged from ~100 to >10,000 copies per cell, ıt seems 
that, ın general, specific mRNAs ın liver cells are controlled 
transcriptionally A further experiment with liver nuclei reveals 
a specific case of changing transcriptional controls Adult male 
mice excrete a protein in urine, the major urinary protein 
(MUP), which ıs not excreted by newborn mice®’ Liver nuclei 
from adult and newborn animals were used to score transcrip- 
tion of MUP genes The adult nuclei synthesized at least 100- 
fold more MUP-specific RNA than did the nuclei from the 
livers of newborns®’ 

Transcriptional control by choice of initiation sites. More of 
the same a-amylase enzyme protein is produced ın rat salivary 
glands than in liver When the cDNAs complementary to æ- 
amylase mRNA from the two tissues were sequenced, the 5’ 
nucleotides of the two mRNAs were found to differ while the 
remainder of the mRNA chains were identical®? Examination 
of genomic DNA® and nulcear RNA (U Schibler, personal 
communication) revealed that the cap sites for the two amylase 
mRNAs le ~2 8 kilobases apart but the two overlapping tran- 
scription units cover the same protein coding region and the 
same poly(A) site(s) This necessitates a different splice to join 
the two different cap and leader sequences to the same mRNA 
‘body’ However, as cap sites always seem to be start sites for 
RNA synthesis* $, a-amylase production would appear to 
be controlled by selecting specific transcriptional start sites 
Different overlapping transcription units ın adenovirus (1b and 
protein IX, and region 3 and P16) are also regulated by choosing 
the proper start sites (ref 41, Fig 3), as are the induced and 
constitutive forms of yeast invertase”! 

Transcriptional control dependent on DNA rearrangement. 
Such interest has attended the possibility that rearrangements 
affect gene contro] that the proved examples of such rearrange- 
ments must at least be mentioned Immunoglobulin formation, 
the variation in surface glycoproteins of trypanosomes, switch- 
ing of the yeast mating-type locus and promoter insertion 
brought about by retrovirus movement in chromosomes all 
appear to be cases where gene activation, probably transcrip- 
tional activation, depends on DNA rearrangement Actual tran- 
scriptional rate studies have not been done in most of these 
cases (see ref 84) 


RNA processing and its control 


Although transcriptional control may be the predominant level 
of gene control, it is not the only one To help understand 
post-transcriptional control, it 1s best first to consider more fully 
the steps in mRNA manufacture (see Fig 1) 

The sequence of events that convert a primary RNA tran- 
script to a mRNA are collectively known as ‘RNA processing’ 
These events begin very soon after initiation of an RNA chain 
Before the new RNA chain is longer than 50 nucleotides”* °$, 
and perhaps before the RNA polymerase IJ moves past the 
initiation site, a ‘cap’, a m’Gp residue’, 1s added to the first 
nucleotide (N) The middle phosphate of the m’GpppN cap 
structure is not derived from the GTP but from the pppN that 
starts the RNA chain®*, strong evidence of RNA chain imiti- 
ation at the cap site Few, if any, polymerase II products escape 
this 5’ end addition, even prematurely terminated RNA 
chains’? **"° and chains synthesized ın vitro by cell extracts 
supplemented with RNA polymerase II% are capped 

The poly(A) segment 1s added post-transcriptionally to 
heterogeneous nuclear RNA (hnRNA) in the cell nucleaus® °??? 
Although the precision of termination sites 1s not yet understood 
for polymerase II transcription, the enzyme has been shown to 
transcribe past the site for poly(A) addition ın at least three 
adenovirus transcription units’ *°'*, both early and late SV40 
(refs 13, 94) and polyoma transcription units” *°, the B-globin 
transcription unit in mouse cells* and chicken cells’*”’, and 
probably the transcription unit for the heavy chains of immuno- 
globulins”? No clear cases of termination at the poly(A) site 
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have been documented by studying briefly labelled nuclear 
RNA Thus addition of poly(A) may always require endonu- 
cleolytic cleavage and terminal addition of poly(A) to the 
cleaved 3' end of a nuclear RNA molecule At least part of the 
signal for poly(A) addition ıs the AAUAAA sequence found 
10-25 bases upstream from the poly(A) addition site’? 1°! 

Poly(A) addition usually, if not always, precedes tn time the 
final, splicing’**’ steps of mRNA processing? 10%% Splicing, 
however, can occur in the absence of poly(A) addition!” and 
mRNA formed during inhibition of poly(A) synthesis can at 
least ın part enter polyribosomes'”°, although ıt does not 
accumulate there as stable mRNA These recent results suggest 
that the major (or perhaps sole) role of the poly(A) is cytoplas- 
mic stabilization of the mRNA‘°°? and that splicing for most 
transcripts might be an automatic event Methylation of 
mRNA’, which ıs known to occur (on the average) to 1 out of 
400 Ap residues in mammahan mRNAs’, may occur 
before splicing, but its timing and role in mRNA formation 
remain speculative’’’ Finally mRNAs leave the nucleus and 
enter the cytoplasm still bearing their poly(A) segment? *? With 
time, the poly(A) tail shortens®, which causes some mRNA 
sequences, >90% of which initially partition experimentally in 
the poly(A)-containing fraction, to fractionate in the poly(A)- 
lacking fraction?” Extensive attempts with sea urchin 
material have failed to isolate any cloned DNA segment com- 
plementary to the mRNA molecules of the latter fraction 
that are not also present in the poly(A)-containing fraction 
(M Nemer, personal communication) other than histone 
mRNA*® 
Transcription unit design and differential processing. Two 
categories of transcription units can be identified (Fig 3) (1) 
Simple transcription units encode a single protein, whether or 
not processing of the primary transcript is required Histone 
genes are simple transcription units that do not, in most cases, 
require either poly(A) addition or splicing’ Protein IX mRNA 
of adenovirus’? and the a-interferon mRNAs”? derive from 
simple transcriptional units whose products have poly(A) added 
but do not require splicing The æ- and 8-globin transcription 
units are simple because, although their primary transcripts 
require poly(A) addition and splicing, only one functional 
mRNA ıs formed from the transcription unit’’* 11° 

(2) Complex transcription units are those whose primary 
transcript can give rise to two or more mRNAs that encode 
two different proteins Two different structural arrangements 
are known for these units two or more poly(A) sites and two 
or more variations in splicing patterns Both virus and cell 
transcription units with multiple poly(A) sites are known—the 
mayor late adenovirus transcription unit’? 655, the heavy chains 
of immunoglobulins”? and the transcription umt encoding 
the peptide hormone calcitonin (R Evans and G Rosenfeld, 
personal communication) Thus far only virus transcription units 
are known that have one poly(A) site and two or more splicing 
sites—both transcription units of SV40 (refs 94, 117) and poly- 
oma’? ™S, most of the nine known adenovirus transcription 
units?®°8 47° "!9 and many different retroviruses? A number 
of virus transcription units with multiple splicing arrangements 
can be integrated into cell DNA and still produce multiple 
mRNAs Thus, it 1s clearly possible for DNA ın the cell genome 
to encode primary transcripts that can be spliced in alternative 
ways (Transcription units can have two or more poly(A) sites 
and variable splicing at one or both poly(A) sites, such as in 
the major late adenovirus ttanscription unit, Fig 2 ) 

From these two types of complex transcription unit follow 
two general types of processing control? (1) Differential pro- 
cessing each transcript from a complex transcription unit must 
be processed in one of two or more ways Several cases are 
known ın which various poly(A) sites or splice sites can be 
chosen on the same primary transcript (2) Process versus dis- 
card decisions In this hypothetical possibility, there would be 
little or no processing of a particular transcript in one cell type 
or a cell ın one particular physiological condition but successful 
processing of the same primary transcript in another cell type 


or another physiological condition (reviewed ın ref 5) Candi- 
date transcripts of this type do exist in cultured cells and 
probably also in tissues but no specific case of gene control 
through process versus discard decisions 1s yet proved 
Adenovirus processing control. A differential choice of both 
poly(A) and splicing sites has been documented ın the primary 
transcript of adenovirus mRNA, P16 (major late promoter, 
Fig 2) Differential choice of poly(A) sites is also suspected to 
occur in at least one other transcription unit (region 2 transcripts 
that lead to mRNA formation with sequences in the 20-30 
map unit region)*? 17 

Early mn infection, ın transcripts beginning at P16, the poly(A) 
sites at both 385 (L1) and 50 (L2) map units are used to 
generate poly(A)-containing nuclear RNA! About two L1 
molecules are produced for each L2 Late in infection, in 
addition to the whole transcription unit being transcribed and 
the Li-5 being available for use, a change occurs so that L2 
is used about twice as often as L1 (ref 10) This change in ratio 
of poly(A) site usage accords with the change in amount of L1 
versus L2 mRNAs ın the cell nucleus Late ın infection, when 
five poly(A) sites are available, L3 1s more frequently chosen 
than any other site but the ratio of L1-5 remains at1 2 3 2 2 
throughout the late course of infection (ref 10 andJ R Nevins, 
unpublished) 

In addition to differential poly(A) choices, the early splicing 
pattern ıs different from the late one ın the L1 poly(A)* nuclear 
molecules Examination of nuclear RNA indicates clearly that 
three products are made late in infection but only one major 
product early in infection® In addition, the mutially labelled 
cytoplasmic molecules late ın infection contain all three species 
of LI mRNA whereas early in infection only a single species 
of labelled mRNA emerges ın the cytoplasm after a brief label? 
Finally, the protein translated from the early L1 mRNA ıs 
encoded mainly, if not exclusively, in the 400 nucleotides that 
are retained ın early L1 mRNA butare lost in the late mRNA“ 
Thus the evidence seems very strong that a change ın splicing 
takes place 1n the handling of the same sequence of nucleotides 
contained in the nuclear poly(A)” precursor molecule that 1s 
encoded in the 16-38 5 region on the adenovirus genome 
Immunoglobulin mRNA formation. Only two cases of differen- 
tial processing are known for cellular mRNAs During B- 
lymphocyte development and smmunoglobulin synthesis, the u 
heavy chain 1s first inserted as an integral protein in the plasma 
membrane’’”*’ Later a similar u chain is found as part of 
secreted immunoglobulins Analysis of CDNA clones of the two 
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Fig.3 Definition and examples of simple and complex transcrip- 

tion units In each case, DNA 1s shown at the top and the mRNA(s) 

underneath On the former are indicated sites of mitiation (INIT ) 

and termination (TERM ) of transcription, splicing sites (s) and 

the position of the sequence which will become the site of poly(A) 
addition to the processed transcript 
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mRNAs showed that the deduced carboxyl terminus of the u 
membrane and u secreted chains was different but the deduced 
amino termini were the same Analysis of the genomic cloned 
DNA revealed two poly(A) sites in the same transcription unit 
and the primary transcript seems to cover both of them (ref 
97 and R Wall, personal communication) Depending on the 


x choice of poly(A) site two u heavy chain mRNAs with different 


5‘ most sequences can be formed, one for the u membrane 
chain and one for the u secreted chain Further studies suggest 
that the same five exonic regions common to both u chains 
also appear in ô chains” In this case, the 3’ exonic component 
of the y mRNA may be a consequence of choosing a poly(A) 
site more than 25 kb downstream These studies were carried 
out on lymphocytic tumour cells ın culture, but it 1s thought 
that a similar set of events occurs 1n the normal differentiation 
sequence in B cells 

Note that the molecular basis for none of these presumed 
differential choices of poly(A) and splice sites is known and ıt 
remains possible that template changes may dictate the post- 
transcriptional outcome For example, rather than there being 


{a single completed transcript in which a poly(A) site 1s chosen, 


p 


a selective protein that bound to the DNA at one or the other 
poly(A) site might instead trigger the choice of poly(A) site 
during transcription 
Process versus discard decisions. Differential processing of 
nuclear RNA from either simple or complex transcription units 
might include the processing or discard of a particular nuclear 
RNA sequence’ t? This type of processing 1s different from 
differential poly(A) choices or differential splicing choices 
where a transcript has a high probability of yielding one or 
another mRNA?° Although there is no evidence of variable 
process versus discard between two different cells, nuclear RNA 
turnover ıs substantial’*? and nuclear RNA ‘complexity’ 
(average nucleotide content) 1s some 10-20 times greater than 
the complexity of the mRNA’, perhaps greater than the 
difference expected on the basis of intron loss during nuclear 
RNA processing 

More recent analyses of nuclear RNA ın cultured cells divide 
the nuclear RNA primary transcripts mto two classes—those 
that produce mRNA sequences and those that do not While 
all transcripts contain a cap** and >90% of newly capped 
mRNAs that enter polyribosomes (excluding histone mRNAs) 
contain poly(A)”, poly(A) 1s added ın the nucleus only to 
about one-quarter of the total primary transcripts’? Thus the 
rate of synthesis of caps is about four times that of poly(A) 
Moreover, when sequences complementary to eight cloned 
CHO cDNAs were examined in the poly(A)” and poly(A) 
nuclear RNA fractions**“**, whereas 70% of the sequences 
complementary to these clones were tn the poly(A)” fraction, 
only 20-25% of the capped molecules were in the poly(A)* 
fraction It therefore seems that capped poly(A) molecules 
whose sequences are not part of stable mRNAs make up a 
significant part of the nuclear RNA ın cultured cells Can these 
primary transcripts at some other time and place (embryonic 
cells? specifically differentiated cells?) be shifted from the 
poly(A)” to the poly({A)* category and then appear as stable 
mRNA?” 19 Specific clones complementary to these ‘nucleus- 
confined’ RNAs molecules are necessary to answer this possi- 
bility 


Cytoplasmic gene control 


Too little 1s known about nuclear RNA transport to suggest 
the existence of differential transport After the mRNA has 
reached the cytoplasm, however, the fates of mRNA molecules 
differ Evidence exists for both a wide range of half lives for 
different specific mRNAs ın the same cells?” and different 
half lives for the same mRNA ın the same cell under different 
circumstances 

Of these possible control mechanisms the first would, of 
course, allow the cell to accumulate differential concentrations 
of two different mRNAs although the synthesis rates of the two 
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were identical, but its physiological significance remains 
obscure Changes in the half hfe of specific mRNAs under 
different circumstances has attracted more attention Two cases 
involving hormones are well documented 

Breast tissue can be explanted and continue to respond to 
hormonal stimulation by the production of casein mRNA and 
casein protein’ When explants are cultured without prolactin 
for 48h they lose 95% of their casein mRNA but can, when 
given prolactin, accumulate about 25,000 copies of the casein 
mRNA 1n 24h This accumulation 1s associated with an ~20- 
fold increase in the mRNA half life, but only a two- to threefold 
increase 1n the synthesis of casein mRNA sequences assayed 
by hybridization to casein cDNA 

A second reported instance of mRNA stabihzation occurs 
with oestrogen treatment of roosters’*’’ As described earlier, 
mRNA sequences, for both VLDL and vitellogenin are synthe- 
sized at least 20~100-fold faster in liver nucle: from treated 
than from untreated animals The rate of mRNA accumulation 
is maximal within about 6-8 h and from the curve of accumula- 
tion of vitellogenin and VLDL mRNAs during the first week 
of oestrogen treatment a half life of >24 h can be calculated 
If, after the mRNA has reached a plateau value, the oestrogen 
1s abruptly withdrawn, the vitellogenin and VLDL mRNA 
decline with a half lfe of ~3 h Thus the half hfe changes from 
24 to 3h by removal of the hormone Calculations of similar 
hormone-dependent changes ın half life for steriod-induced 
hormones have also been reported’?’, although the changing 
steroid levels were not so carefully controlled 

Differential half life of specific mRNAs also occurs during 
the growth cycle of adenovirus™ Transcriptional unit 1B pro- 
duces two mRNAs—one 20S and one 14S Early in infection 
the 20S form predominates while late in infection the 14S ıs 
predominant’? The transcription rate of 1B sequences 1s con- 
stant from 5 to 24 h of infection®* When labelled nuclear RNA 
was examined early and late in infection no changes were noted, 
suggesting that differential splicmg was not occurnng®? 
However, cytoplasmic accumulations of 14S relative to 20S was 
greater late in infection than early in infection, pointing to an 
increased half hfe of the 14S mRNA This mRNA appears to 
have the same cap site, the same splicing and poly(A) sites late 
in infection as it does early and thus the same mRNA has a 
different half life at two different times in the infectious cycle 

Finally, there are two established cases (and many others 
suspected) where preservation of a specific group of mRNAs 
occurs in the face of destruction of a large fraction of total cell 
mRNA?! During erythroblast differentiation in mammals, 
the developing cell makes many different mRNAs tncluding, 
in the final stages, globin mRNA Globin RNA synthesis, 


Table 1 Summary of frequency of various types of control 


Examples proved or 


Nuclear strongly suggested Possible 


Transcriptional 
Initiation 
Termination 

Premature (attenuation) 1 + 
readthrough 


Many, >100 


Nuclear RNA processing 
Poly(A) choice ~3 
Splicing choice 1 
Process versus discard + 
Cytoplasmic 
mRNA stability ~5 Specific, 
many general 
~10 Specific, 


many general 


mRNA translation efficiency 


For those cases of control where only one or a few cases are proved, 
it is anticipated that these numbers will increase It 1s not possible at 
present to even guess at the true frequency with which various mechan- 
isms will be found ultimately to be used 
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however, represents a tiny fraction of total nuclear RNA syn- 
thesis During the final four or so cell divisions the cell becomes 
a highly specialized reticulocyte synthesizing over 90% globin 
plus a limited number of other specific proteins These differen- 
tiative steps appear to represent conservation of the globin (and 
a few other erythrocytic) mRNAs and specific destruction of 
all other mRNAs’*°**? A second case of specific mRNA 
destruction has been described during development of the slime 
mould Dictyostelium discoideum Cells which have aggregated 
will, if left alone, form a stalk, fruiting bodies and spores This 
is accomplished with the aid of a set of new RNAs formed after 
ageregation If the developmental cycle 1s interrupted after 
ageregation, the new developmentally regulated mRNAs are 
specifically destroyed’? 


Control of translation 


Differential translation of finished mRNA molecules that are 
apparently already ın the cell cytoplasm 1s recognized early in 
embryonic development, both for the average rate of protein 
synthesis per ribosome and for specific protein species Unfertil- 
ized sea urchin eggs become at least 50-fold more active in 
protein synthesis from the same number of mRNAs after fer- 
tilization than before* By contrast, in clam eggs the total rate 
of protein synthesis 1s unchanged after fertilization, however 
two-dimensional gel analysis of proteins newly formed tm vitro 
compared with translation in vitro reveals certain proteins are 
formed specifically only pre- or post-fertilization’®’ although 
the mRNAs are present 

Major shifts ın total protein synthesis have also been recogn- 
ized in non-embryonic cells Cultured mammalian cells!” 137 
and insect cells’** decrease total protein synthesis after a heat 
shock while the translation of certain ‘heat-shock’ proteins 1s 
probably enhanced Cultured mammalian cells undergo a three- 
fold decrease ın protein synthesis during each mitosis’*’, and 
in virus-infected cells the synthesis of host proteins can be 
interrupted in several different ways although the mRNA ıs 
still present'*°"*? It is also possible’**, though unproved, that 
tissue-specific favouritism for the translation of specificmRNAs 
or classes of mRNA occurs 


Control after translation 


Several types of post-translationa] control can be envisioned 
that would affect the final concentration of particular proteins 
in given cells For example, as polypeptides exist that can be 
cut by proteases into different, overlapping polypeptides with 
different activities, control of proteolysis represents a possible 
level of gene control This apparently occurs in the posterior 
pituitary where cells can produce either adrenocorticotropin or 
B-lipotropin presumably from the same primary translation 
product***?45 

Different fates for the same polypeptide, such as differential 
protein turnover or differential prosthetic group additions, 
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could obviously alter the enzymatic profile of a particular cell 
Whether such differential post-translational events occur or are 
common remains to be explored 


Conclusion 


The evidence summarized in this article demonstrates that a 
variety of mechanisms determine the abundance of specific 
mRNAs 1n eukaryotic cells, with the major level of control 
usually being transcription in the cell nucleus Although the 
mechanism of the specific increases or decreases in transcription 
is not the subject of this review, it 1s widely believed that 
site-specific binding proteins either change chromatin structure 
or directly facilitate or prevent RNA polymerase attachment 
at specific sites on the DNA” Only a few cases of supposed 
transcriptionally active proteins are known in vertebrate cells 
or virus-infected cells but quite a number of regulatory loci in 
lower eukaryotes, for example yeast, are now identified geneti- 
cally (see, for example, refs 146-148) As yeasts have mRNAs 
with short half lives’*’, most regulation of their rates of protein 
synthesis ıs probably due to controlled rates of transcription 
Progress in the isolation of specific, transcriptionally active 
proteins in yeasts can be expected soon 

In addition to transcriptional initiation, a change in termina- 
tion has apparently been identified ın one adenovirus transcrip- 
tion unit It 1s unknown whether differential termination will 
be a common mechanism for regulation of transcription, 
although evidence of frequent premature terminations’”** 1s 
tantalizing in this regard Note that transcriptional control for 
a particular gene does not preclude other levels of control 

The second level of nuclear gene control 1s processing It 1s 
now clear that differential poly(A) choices and differential 
splicing can occur, but if a transcription unit has only one 
poly(A) site and only one possible spliced mRNA, then differen- 
tial processing of the primary transcripts cannot occur Of great 
importance 1s the possibility of process versus discard control 
(Cloning of poly(A)” primary transcripts from one cell source 
will be necessary to determine whether such transcripts ever 
become poly(A)* transcripts in other cells ) 

Differential mRNA turnover seems fairly common as even 
at this early stage in the study of specific cell mRNAs, several 
clear-cut cases of differential turnover are known 

Although multiple levels of gene control seem to exist, we 
are almost completely ignorant of the logic of gene control 
systems ın eukaryotic cells or even whether most genes are ever 
subject to specific control Regulation at transcription would 
appear for many genes to be quite strict, regulation of mRNA 
turnover, in contrast, 1s probably much less strict What might 
distinguish genes that are tightly regulated from those that are 
not remains unknown Finally the mechanisms and molecules 
that execute the various types of control remain unknown 
Perhaps only by examining these regulatory molecules will the 
molecular logic of eukaryotic gene regulation become clear 
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~ Implications for trace gases and aerosols of large 
negative ion clusters in the stratosphere 


F. Arnold, A. A. Viggiano & H. Schlager 


Max-Planck-Institut fur Kernphysik, Heidelberg, FRG 


Stratospheric tons are of considerable interest because they not only control atmospheric electrical properties but also may 
influence stratospheric trace gases and aerosols The first detailed ın situ composition measurements of the stratospheric 
heavy negative ion clusters are now reported , these measurements have interesting implications for trace gases and aerosols 


` IN SITU composition measurements of stratospheric ions 
became technically possible only during recent years As found 
from the first in situ negative 10n composition measurements’ ”, 
stratospheric sulphuric acid vapour has a strong influence on 
stratospheric negative ions Thus, because H.SO, vapour is the 
most important condensable vapour in the stratosphere, and 
influences the formation of the stratospheric aerosol layer’, 


0028~-0836/82/22037 1—06$01 00 


negative 10n composition measurements can also yield informa- 
tion on aerosols In particular HSO,(H2SO,),(HNO3), 10ns 
have been found’ to be abundant at altitudes above ~27 km, 
whereas NO3(HNO,), tons are dominant below this height It 
has been proposed’ that the former ions are formed from the 
latter ones by reactions involving H2SO, vapour followed by 
H.SO,-association This suggestion has received strong support 
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from studies of relevant 10n reactions conducted by Viggiano 
et alř Attention has also been drawn® to the possibility of 
inferring stratospheric H,SO,-vapour concentrations from im 
situ negative 10n composition measurements 

Recent in situ negative 10n composition measurements con- 
ducted by the Heidelberg’ and Bruxelles’? groups confirmed 
the original suggestions, but also provided strong evidence for 
the presence of very massive negative 10n clusters in the region 
above 27 km In fact, ıt appears that most negative ions fall 
outside the mass range (£320 AMU), accessible to previous in 
situ 10n composition measurements in which mass resolving 
modes of operation were used The so called ‘total throughput 
modes’ allowed detection of heavy negative 10n clusters without 
yielding detailed mass information We have investigated large 
negative ion clusters in the stratosphere and their bearing on 
aerosol formation’’’? Our detailed im situ measurements are 
given below 


Negative ion composition measurements 


The principle of the balloon-borne ion mass spectrometer used 
in the present studies has been discussed ın detail elsewhere’ * 
and therefore will not be reviewed here Note, however, that 
the present instrument has an extended mass range covering 
0-612 AMU, which was achieved by reducing the frequency of 
the R F -generator of the quadrupole mass filter from 2 0 to 
1 4 MHz 

The ımproved instrument was flown on a balloon during 
daytıme on 17 October 1981 over southwestern France (geo- 
graphical coordinates of the measuring site 44° N, 0° W) and 
reached a maximum altitude of 34km The composition 
measurements of heavy negative 1ons were made between 32 
and 34 km during the ascent and float portions of the balloon 
flight between 09 24 and 09 47 LT 

Typical negative 1on mass spectra obtained ın this height 
region are shown in Fig 1 The mass resolution used was only 
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Fig 1 Negative 10n mass spectra measured at altitudes of 34 (a), 

32 9 (b) and 32 4 (c) km Total integration times were 1,000, 140 

and 100s A running window of 51 channels was used to improve 
Statistics 


moderate (average peak width at half maximum equal to about 
14 AMU) to achieve a high sensitivity for 1on detection, par- 
ticularly at large masses Due to the large peak width, masking 
of small peaks may have occurred The estimated uncertainty 
for mass identification ıs about +1 AMU large peaks and +2 or 
3 AMU for smaller peaks depending on the 10n pulse statistics, 
which, ın turn, depend on the integration time Due to a much. 
larger integration time, the peaks of the spectrum obtained at. 
34 km (float altitude) have much better defined shapes 

Results for the spectral region 0-320 AMU are rather similar 
to those obtained previously'**’*° Therefore, we will focus 
on the mass region 320~612 amu, which was not previously 
accessible 

Clearly, this region contains major peaks, which 1s par- 
ticularly striking in Fig 1a, where the dominant mass peak ıs 
391+1 A compilation of the observed peaks 1s given in Table 
1 together with fractional count rates and tentative 10n 
identifications No attempt has been made to convert 10n count 
rates to 10n abundances as this conversion 1s complicated by 
cluster 10n break-up that occurs during 10n sampling As has 
been discussed previously*, break-up should not drastically alter 
the 10n composition at these heights However, cluster tons 
may have lost one weakly bonded hgand molecule during 
sampling 


Negative ion chemistry 

Table 1 reveals that the major heavy ions have HSO; cores 
containing mainly H,SO, lhgands Size distributions for these 
ions are shown ın Fig 2 The distributions are relatively flat 
up to b =3 (b 1s the number of ligands) and fall off steeply for 
larger b Most likely, these 10ns are formed by 


NO3(HNO;), + H2S0O4> HSO7(HNO3), +HNO,; (1) 
followed by further displacement of HNO, by H2SO, and finally 


H.SO, association As b increases the thermal dissociation 
process 


HSO;7(H,S80,), + M > HSO7(H2S0,),-1 + H2S0O,+M (2) 


becomes important and leads to the observed fall-off of the 
size distribution 

The predicted size distribution can be obtained from a steady- 
state treatment yielding 


[HSO7 (HS 04) b+1 
[HSO7(H2S0,);] 
7 an, k[M} = 
7 (1 y k [M IH:S014] + k.[M aa 3) 


where k,, k and @ are the rate coefficients for ternary H,SO,- 
association, thermal dissociation and ion-ion recombination, 
respectively The quantities [M] and n., are the total gas and 
positive 1on concentrations Taking the phenomenological 
binary rate coefficient, ka = k,{M]|, for H,SO,-association equal 
to 107? cm? s™* (saturated ternary process) and a sulphuric acid 
vapour concentration [H,SO,] = 3 x 10° cm™? (derived from the 
abundance ratio of measured HSO; and NO3-10n clusters using 
the method described in ref 6) one finds that the second term 
on the right-hand side of equation (3) becomes «1 Con- 
sequently, if H,SO,-association proceeds close to the collision 
rate, as expected, the ion abundance ratio (3) becomes =1 
when thermal dissociation 1s negligible As seen from Fig 2, 
this seems approximately to be the case for b up to 2-3 When 
thermal dissociation becomes very efficient, the third term on 
the right-hand side of equation (3) becomes dominant and the 
predicted 10n abundance ratio becomes «1 This seems to be 
the case for b 3 

From Table 1, one sees that there are less abundant heavy 
ions containing HNO3;, HO and probably HSO; ligands While 
H20 and HNO; ligands were expected, the presence of HSO, 
ligands comes as a surprise H20, HNO; and HSO, probably 
associate to the negative ion clusters and are lost by thermal 
dissociation, displacement by more strongly bonded ligands or 
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Table 1 Mass numbers of major negative 1ons as measured at 32 5, 


32 9 and 34 0 km altitude 
006 
Mass Fraction Ion 
62+2 6 006 NO; 
125+1 0 065 NO, HNO, 
14342 0 009 NO, HNO, H,O 
160+1 0 140 HSO; HNO, 
17842 0 020 HSO; HNO; H,O 
1953 0 100 HSO, H.SO, 
22341 0 018 HSO,(HNO3) 
25142 0 003 NO;3(HNO3)3 
276243 0 010 HSO,H2SO, HSO, 
2931 0 120 HSO,(H280,4)2 
3113 0 003 HSO; (H2804) H20 
37443 0 003 HSO7(H2S0O,).HSO,; 
391242 0 140 HSO,(H280,)s3 
409+3 0 130 HSO,4(H2S0O4)3H2O0 
427+3 0 022 HSO, (H2S8O4)3(H20), 
45442 0015 HSO,(H2S0,),HNO; 
47243 0 004 HSO, (H2S0,),HSO; 
489+3 0 012 HSO;3(H2S804), 
507 +3 0015 HSO,(H2S04)4H2O 
5873 0 004 HSO4(H-S04)5 





Tentative 1on identrfications and fractional 10n count rates for the 
32 9 km spectrum are given 


possibly by reactions The mass identity of the ligand we identify 
as HSO,, however, does not exclude other possibilities 
For example, the mass of an HNO; and H,O molecule 
added together (81 AMU) 1s the same as that of HSO, The 
relative abundances of the ions HSO7(H,SO,),,H,O, 
HSO7(H-S0O,), HNO, and HSO;3(H2SQ,),, 81, however, leads 
one to believe that mass 81 corresponds to only one ligand 
HSO; ıs then the most likely candidate for this ligand because 
it 1s the only acid of this mass to be expected ın the atmosphere 
and acids are the preferred negative ion ligands 7 * 

Because both, H:O and HNO, are relatively abundant 
stratospheric trace gases (approximate number densities are 
10’* cm™? and 10° cm™°, respectively, at 30 km altitude), they 
associate rapidly to the negative ion clusters However, both 
molecular species probably do not bond very strongly to the 
larger 10n clusters and, therefore, may undergo rapid thermal 
detachment or displacement by more strongly bonded ligands, 
such as HSO, The ligand bond strength seems to increase in 
the sequence H:O, HNOs;, HSO, for the cluster ton sizes 
considered here 

Measured abundance ratios for hydrate 1ons to their corres- 
ponding unhydrated forms are given in Table 2 Generally, the 
ratios decrease as the size of the unhydrated 10n increases, in 
qualitative harmony with a simple charge-dipole interaction 
model However, for HSO7(H2SO,), clusters, the ratios 
increase as b becomes >2 This behaviour, which as yet has 
not been observed for cluster ions, probably indicates strong 
cooperative bonding In other words, hgand—hgand interaction 
seems to become important In view of the large heat of mixing 
for bulk phase H,SO,—H,O mixtures, this finding may qualita- 
tively be expected Quantitatively, however, it is surprising that 
cooperative effects become important already for relatively 
small ion cluster sizes 

The probable detection of HSO3-ligands indicates that HSO3- 
vapour is present in the stratosphere and associates to the 
negative 10n clusters 

This view is supported by recent high pressure ion source 
studies made at our laboratory’* It was found that besides 
HSO7(H.SO,),, clusters of the type HSO7(H2SO,), HSO, 
were most abundant in a gas mixture of SO, and room air 
(mostly Nz, O2, and H20) 1onized by a gas discharge The 
HSOQ;-lhgand evidently bonds relatively strongly to 
HSO;7(H.SO,), 10n clusters This is also supported by collision- 
induced fragmentation studies of HSO3(H2SO,),HSOs; 10ns 


The fate of stratospheric HSO,-ligands 1s, however, uncer- 
tain They may detach thermally, become displaced by H,SOx, 
or undergo chemical reactions The latter processes may involve 
reactions with OH-radicals 


HSO;(H2S0,), HSO; + OH > HSO7 (H2804); + S503; +H20 


(4a) 
> HSO;7(H2S0O,), H,O + SO, 

(45) 
-> HSO;(H2S04), + H.SO, (4c) 
> HSO7(H2S04)541 (4d ) 


In process (4d) another ligand, for example H,O, also contained 
in the precursor ion complex may become ‘boiled off’ carrying 
away the chemical energy released 

Processes (4a~d) would represent ‘ron catalysed reactions 


Inferred HSO;-abundance 


Although the HSQ3-radical has not yet been detected in the 
stratosphere, its presence is expected It ıs thought’ 1*1 that 
HSO, arises from 
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SO, +OH +M- HSO,4+M (5) 
and ıs lost preferentially by 
HSO; +OH > SO0,+M (6) 


whose rate coefficient is not known The SO, radical is then 
presumed to react with H,O to form HSO, Within the 
framework of their complex photochemical—diffusive model, 
Turco etal have calculated the stratospheric HSO, abundance, 
yielding ~10° cm™ at 30 km altitude 

From the ion composition data reported above, a lower limit 
to the HSO, abundance can be inferred Assuming that 
HSO7(H.SO,),HSO; ions are formed by HSO-association 
proceeding at the collision rate and that they are lost only by 
10n-10n recombination a steady-state treatment yields a lower 
limit of [HSO,] = (2-10) x 10* cm? When compared with this 
inferred value, the model calculation of Turco ef al are in 
approximate agreement 

As the model assumed reaction (6) to proceed at the collision 
rate (rate coefficient 1071! cm? s~") the above agreement may 
imply that reaction (6) 1s in fact fast The HSQO,-lifetime com- 
pared with attachment to negative tons is ~10 times larger than 
the lifetime compared with reaction (6) if upper limits to the 
corresponding rate coefficients are used (ref 16, and personal 
communications from D Smith, N G Adams and E Alge, 
and P J Crutzen) Consequently, the HSO, abundance would 
be of the order of 10° cm™ at 30 km if reaction (6) was unimpor- 
tant and 1f the HSO,-loss would proceed by 10n attachment 
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At lower altitudes, however, where the OH-abundance 1s 
lower and where the total 10n concentration ıs larger, a 
significant fraction of HSO, may be lost by 10n reactions 
Because, at these heights, NO3(HNQO3), 10ns are most abun- 
dant, another 10n process involving HSO, may be considered 
It involves 


NO3(HNO3;), + HSO; > HSO;4(HNO3), + NO} (7) 


followed by recombination of HSO7(HNO;3)a with a positive 
10n, mostly H*(CH3CN),(H20),, and H*(H,0), possibly leading 
to the formation of an HSO, molecule Reaction (7) is 
exothermic? '® '? by ~40-50 kcal mol`’ 

An important implication concerning analytical applications 
of in situ composition measurements of stratospheric negative 
ions 1s that the detection of HSO;z cores would not allow us 
unambiguously to infer H,.SO, abundances, thus the previously 
derıvedf ê? H,SO, abundances should be reported as H.SO, 
and HSO, abundances below ~27km Above this height, 
however, H.SO, should be much more abundant than HSO, 
and the derived quantity should refer only to HSO, This 
conclusion is supported by the fact that above 27 km the nega- 
tive 10n clusters also contain H,SO, ligands 


Thermodynamic properties of ion clusters 


The present ion composition data can also be used to infer 
unknown thermodynamic properties of large negative ion 
clusters 

For this purpose, the concentrations of the clustering gas 
phase molecular species, H.SO,, HNO3, HSO, and H3O as 
well as the gas temperature have to be known Sulphuric acid 
concentrations were inferred independently from the negative 
10n composition (see above) whereas HNO3-, HSO,- and H20- 
concentrations were taken from model calculations The actual 
values used are [H,SO,]=3x10°cm™’?, [HNO,]= 
1x10%°cm™ 3, [HSO,]=1x10°cm™’, [H,0]=1 x10" cm’? 
The gas temperature was measured by various radiosonde 
stations (CNES Meteorological Service, personal communica- 
tion) in the vicinity of the balloon launch site on the day of our 
experiment In addition, the gas temperature can be inferred 
from the simultaneously measured positive 1on composition 
with relatively high accuracy The resulting temperature for 
32-34 km was consistently 233 K 

The above concentrations, with the exception of [HSO3], are 
sufficiently large to allow for clustering time scales less than 
the 1on-10n recombination lifetime (2,000s) Consequently, 
quasi-equilibria for 1on-clustering of these species should be 
established For HSO, clustering, this 1s not the case and there- 
fore only lower limits to bond strengths can be inferred 

First, we will examine H,SO,-clustering to HSO7(H2SO,), 
ions (6 =2, 3,4) Equilibrium constants, K, can easily be infer- 
red from the measured ton abundance ratios and the derived 
H,SO, abundance The free energy difference, AG = —RT In K, 
can then be evaluated using the measured gas temperature 
The resulting AG values are listed in Table 3 along with free 
enthalpy differences, AH = AG + TAS, estimated by assuming 
a typical common entropy difference”’, AS, of 25 cal mol” K~! 

The inferred AG-values for H,SO,-clustering to 
HSO;7(H.SO,), clusters with b =3-4 are both about 13 kcal 
mol’ which ıs comparable to the heat of vaporization for bulk 
phase H,SO, (ref 21) (12 6 kcal mol™ at 233 K) The inferred 
AG represents only a lower limit, because thermal dissociation 
of HSO;(H2SO,); does not seem to be sufficiently fast to allow 
for an equilibrium between b = 2 and 3 to be established (see 
Fig 2) 

This result suggests that the properties of the observed heavy 
HS0Oz(H2S0O,4), clusters (6 =4 and 5) already exhibit a trend 
towards bulk phase properties Qualitatively, this may be expec- 
ted as this trend ıs well known from laboratory studies”? 7? 73 
of cluster 1on equilibria such as H*(H,O),, NOj(H,O), 
and Cr (SO2) It was found that AH-values for clustering 


Table 2 Ratios of measured hydrate 10n abundances to their unhy- 
drated precursors 


Unhydrated species Ratio 
NO3(HNQ3)1 014 
HSOz (HNO3); 014 
HSO4(H2804)2 0 03 
HSO4(H2804)s 0 92 
HS0O4(H280,4)4 125 
HSO 4 (H28O4)3H2O0 017 


of a molecular species to 10n approach the heat of vaporiza- 
tion of the molecular species as the number of ligands con- 
tained in the ion cluster increases Usually, only a few 
ligands (3-5) are needed to make the agreement better than 
1 kcal mol’ 

Assuming that HSO, is indeed observed as a ligand, only 
lower limits to -AG can be inferred from the stratospheric 10n 
composition data, as equilibrium abundances may not be 
reached and the concentration of HSO, 1s not easily derived , 
These lower limits (Table 2) are comparable to the correspond- 
ing values for H,SO,-clustering, which suggests that the HSO,- 
radical bonds strongly to HSO{ clusters In turn, this implies 
that the heat of vaporization of HSO; from an H,SQ,-HSO, 
mixture should be >18 kcal mol`’ 

Now we consider H,O-clustering to negative ions Measured 
hydrate-ion distributions are given in Table 2 and correspond- 
ing AG and AH values are listed in Table 3 The extent of 
hydration first seems to decrease as the cluster size increases 
and that it increases for HSO7(H.SO,), clusters when b 22 
The former behaviour ıs known from laboratory studies” ** of 
negative ion hydrates containing H,O-lgands only Unfortu- 
nately, no studies of mixed clusters containing H:O- and 
H2SQ,-ligands are available Qualitatively, a decrease of H2O- 
bond energies with increasing cluster size should also be expec- 
ted from a simple charge—dipole interaction model 

Evidently, if the observed increase of AH for b> 2 1s real, 
it reflects the occurrence of strong cooperative bonding between 
H-O- and H,SO,-ligands When compared with the heat of 
vaporization for bulk phase H,O (10 4 kcal mol`’), our inferred 
AH-values for HSO7(H2SO,)3(H.O), (d= 1,2) are markedly 
larger Qualitatively, this may be expected from bulk phase 
considerations, as the H,.SO,-H.,O system has a large heat of 
mixing 

Our inferred values for AH of 13-14 kcal mol`! are much 
closer to the heat of vaporization of water from a bulk phase 
solution of 75% H,SO, and 25% H,O (13 kcal mol™*), which 
is thought to be the composition of the stratospheric aerosol 
Additional strong support for the above interpretation comes 
from recent studies of negative ion hydration in our labora- 
tory’? where it was found that AG values for the hydration 
of the ion series HSO{(H.SO,),, in fact, mcrease as b 
becomes >2 

However, due to their small bond energies, negative ion 
hydrates may undergo substantial collisional dissociation while 
being sampled into the mass spectrometer This is supported 
by simulation experiments’® in which it was found that in 
conditions simular to those for flight electric field-induced 
detachment of the weakly bonded H,O molecules can be impor- 
tant But this effect should at most raise the ~AG values by 
1 kcal mol™* (90% dissociation) and otherwise not significantly 
affect our interpretations 

We now turn to HNQO;-clustering Here direct comparison 
with laboratory AH-data’°?> can be made, at least for 
NO3(HNO;,)2 and NOJ(HNO,), and good agreement ıs found 
This supports our approach and suggests that no significant 
dissociation of these cluster rons occurs at the altitudes con- 
sidered This does not conflict with the above remarks on H,O 
dissociation because HNO, bonds more strongly to negative 
ions than does HO This conclusion ts also supported by the 
observed large abundance of H*(H,O), 10ons (bond energy 





‘~~ 


y HNO, 1s much higher than that for bulk phase HNO, which ts 
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17 kcal mol™) which excludes significant dissociation of this 
ion Thus, for hgands with bond strengths >17 kcal mol” no 
significant dissociation seems to occur 

Again, ın the case of HNO; an increase ın AG seems to occur 
at large cluster sizes (HSO4(H2SO,);3HNO;) This may suggest 
that the heat of vaporization of HNO, from bulk phase H,SO,- 


only ~8 kcal mol” It seems, therefore, that the observed heavy 
HSOj;-clusters exhibit properties which are similar to those of 
the bulk phase 


Implications for aerosols 


Our in situ composition measurements of stratospheric negative 
ions have important implications for stratospheric aerosols, 
concerning both their nature and their formation mechanism 
Because thermodynamic properties of large ion clusters seem 
to approach those of the corresponding bulk phase, information 
on the composition of aerosols may be obtained from studies 
of large ion clusters existing in the same environment The ion 


: Clusters studied ın the present ın situ measurements, however, 


are not very large and, therefore, their properties may still 
depart from those of the bulk phase Thus, the following dis- 
cussion should be treated with caution 

The largest negative ion clusters measured contain mostly 
HSO, and H2O, and thus, they contain exactly the same 
molecular species which are thought to make up most of the 
stratospheric aerosol mass However, the ligand shell of the 1on 
cluster HSO;(H,S0O,)3(H2O), for example, contains much less 
water (up to about 8% by mass) than the aerosol solution 
droplets (about 25%) This discrepancy may be partly due to 
cluster 10n fragmentation occurring during the measurement, 
but most of the discrepancy appears real 

The detection of HSO, and the discovery that it bonds 


` strongly to the large negative ion clusters suggests that the as 


ow OEE 


= 
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yet unknown heat of vaporization of the HSO; radical ıs large, 
posstbly comparable with that of H,SQ,, which would imply 
that HSO; also undergoes efficient attachment to stratospheric 
aerosols 

If HSO; 1s, indeed, a precursor of stratospheric H.SOu,, this 
may imply that HSO; attaches to aerosol solution droplets and 
is then converted to H,SO, by chemical reactions ın the I1quid 
phase Subsequently, H.SO, may evaporate from the droplets 
and a condensation—evaporation equilibrium should be estab- 
lished according to temperature?’ 

Thus, stratospheric aerosols may grow mostly by condensa- 
tion of the HSO, radical and its hydrates rather than by H.SO,- 
condensation The possibility of HSO3-nucleation and 
-condensation was originally discussed by Friend et al% their 
radical nucleation” hypothesis being based on their laboratory 
studies of the SO,-photooxidation 

In view of the large estimated aerosol surface area density 
at heights below ~30 km gas phase HSO;-radicals may there- 
fore preferably attach to aerosols rather than attaching to ions 
or reacting with OH 

At 20 km, for example, the estimated HSO3-lifetimes against 
these processes are about 2 x 10*s, 7 10*sand10°s At higher 
altitudes where the aerosol abundance decreases and where 
OH becomes more abundant, gas phase HSO, may preferably 
react with OH 

Another implication of the present 10n composition measure- 
ments concerns polyion nucleation It has been proposed” that 
the coagulation of large positive and negative ion clusters may 
lead to polyions or multi-1on complexes, which, in turn, may 
grow to the size of condensation nucle: The first step in polyion- 
formation 1s the formation of a stable 10n pair by recombination 
of a negative and a positive cluster 10n To prevent spontaneous 
neutralization and thereby destruction of the ion pair, the 
following criterion has to be fulfilled 


S>IP-EA+Ee¢ (8) 
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Table 3 Free energy- and enthalpy differences for 10n clustering as 
inferred from stratospheric ron composition data (32 9 km altitude) 





Ion Ligands —AG° ~-AH® ~Alab 
HSO, (H-SO4)2-H2SO, 3 14 198 
HSO,(H280.4)3~H2SO, 4 13 185 
HSO, (H2804)4-H2S04 5 13 189 
HSO4(H-80,4)2-HSO3 3 >12 >180 
NO3 HNO,-H,0O 2 71 129 
HSO4-HNO;3-H20 2 72 130 
HSO,4 (H:S804)2—-H20 3 63 121 
HSO,; (H2$04)3-H20 4 80 138 
HSO, (H2$04)4-H20 5 81 139 
HSO, (H280,4)3H,0-H20 5 72 130 
NO; HNO,- HNO, 2 126 184 183 
NO3(HNO3).~HNO3 3 102 160 i161 
HSO,HNO,;~HNO, 2 112 170 
HSO, (H2S04).-HNO; 3 103 159 
HSO4(H2SO0,4)3-HNO3 4 111 169 





Values are given in umts of kcal mol`? Laboratory data, if available, 
are also given for comparison For the derivation of AH as common 
AS of 25 cal mol”! K7} was assumed 


where IP and EA are the ionization potential of the precursor 
neutral of the positive 10n core and the electron affinity of the 
precursor neutral of the negative 10n core Ec is the energy 
released on formation of a chemical bond, and S 1s the total 
solvation energy or, in other words, the total energy for all 
bonds between ligand molecules and the core ions 

For HSOj7(H2SO,),, H*(H2O), and H*(CH;CN){(H,0),, 
ions, the most prominent 1ons around 32-34 km, the inequality 
(8) becomes 


S>136eV (9) 


assuming that H*(CH3CN),(H,O),, solvation energies are 
similar to those of H*(H,O), This is supported by recent 
laboratory measurements” of the competitive solvation of a 
proton by CH;CN and H20 Here, a lower limit to EA (HSO,) = 
4 5 eV as measured by Viggiano ef al* 1s assumed Es has been 
set equal to the H-HSO, bond strength *® While the total 
solvation energy for H*(H,O), ıs known, that for 
HSO;(H2SO,4), tons is not known for b equal to 1, 2, and 3 
Assuming AH = 1, 2,3 to be the same as that deduced from 
the present data for b =4, 5 (~20 kcal mo!”*) upper limits to 
the critical sizes of cluster ions having the potential to form 
stable 10n pairs can be estimated The resulting minimum (n, b) 
pairs for critical clusters are (2,6), (3,5), (4,4), (5,3) and 
(7,2) Because AH values for HSOj(H2SO,), (b = 1, 2, 3) were 
underestimated and a lower limit to the electron affinity of 
HSOz was used, the actual critical values may be smaller by 
about one ligand molecule 

In view of the fact that H*(H,O), and H*(H,0); are the most 
abundant proton hydrates around 32-34km, it seems that 
10n-10n recombination of the newly observed large 
HSO,-clusters may mainly lead to stable ion pair formation 
Taking fractional 10n abundances equal to measured fractional 
count rates, the fraction of 10n—10n recombinations able to form 
stable 10n-pairs 1s estimated to be about 0 1-07 around 32- 
34 km 

Thus, at the altitudes considered, the abundant negative ion 
clusters seem to grow just large enough to allow for stable 
10n-pair formation on mutual recombination with the dominant 
positive 10n clusters 

At still lower altitudes, NO; (HNO;)a and positive 10n clusters 
may again ultimately become large enough to allow for high 
polyion formation rates However, in this region, small polyions, 
due to the large aerosol surface area density, may rapidly attach 
to aerosols before they reach nuclei sizes 
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Because negative 1on clusters are largest around 30-35 km 
and because the size of positive 10n clusters decreases as height 
increases the region around 30 km seems to be particularly 
favourable for polyion formation Around this altitude, there 
may exist a layer of seed particles, which on mixing into the 
region below 30 km, where HSQ, or H,SO, become highly 
supersaturated, may initiate nucle: formation 


Conclusions 


We have shown that in situ composition measurements of 
stratospheric 10ns can provide yaluable information on ther- 
modynamic properties of large 1on clusters and aerosols In 
addition, they yield new information on condensable vapours 
like H2SO, and possibly also HSO, Thus, mw situ 10n composi- 
tion measurements strongly contribute to our understanding of 
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stratospheric trace gas and aerosol processes. 

Substantial progress in the new field of stratospheric 10n 
composition measurements can be expected when ıt becomes 
possible to lower 10n detection limits and to reduce collisional 
dissociation occurring during 10n sampling Thus, ıt may be 
possible to detect even larger 10n clusters having low abund- 
ances and bond energies 
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We point out that the horizontal disparities between a pair of retinal images are inadequate for computing the three- 
dimensional structure of a scene unless supplemented by independent information about the distance and direction of _, 
the fixation point We suggest that this supplementary information ıs derived not from non-visual sources, but from the ~ 
vertical disparities of a few non-meridional image points This hypothesis is shown to account quantitatively for Ogle’s 
induced effect—the marked distortion of a scene by a vertically magnifying lens placed tn front of one eye 


THE binocular perception of depth may be regarded as proceed- 
ing in two stages the establishment of a point-by-point corre- 
spondence between the left and right retinal mages to extract 
disparity information, and the interpretation of the disparities 
to yield a three-dimensional percept The position of an image 
point on the left retina can be represented by its plane projective 
coordinates (x, y), 1f (x’, y’) are the coordinates of the corre- 
sponding image point on the right retina, then the difference 
x’—x 1s described as the horizontal disparity between the two 
image points, and y’~y as the vertical disparity The ‘corre- 
spondence problem’—that of computing the disparities—has 
been fully discussed ın the literature’ and we shall not consider 
ıt further Our present concern ts the ‘interpretation problem’— 
that of using the disparities for computing the three-dimensional 
structure of the scene, 

As vertical disparities produced by local depth variations (in 
contrast to those produced by asymmetrical convergence) are 
commonly much smaller than horizontal ones’ °—and 


necessarily vanish on the horizontal meridian—it 1s often sup- 
posed that only the horizontal disparities are relevant to the 
binocular perception of depth There are two difficulties with 
this hypothesis First, the horizontal disparities supply 
insufficient information, even in principle, for computing the 
absolute distances and directions of a set of visible points, they 
must be supplemented by independent information about the 
distance and direction of the fixation poimt, but non-visual 
estimates of these ‘viewing parameters’ are notoriously unre- 
liable There 1s, however, a more serious difficulty the binocular 


va 


perception of a three-dimensional scene is profoundly altered / 


by distorting one of the retinal images ın the vertical dimension 
If a cylindrical lens which induces a small vertical magnification 
1s placed ın front of one eye, then a visually textured surface 
in the fronto-parallel plane will acquire a pronounced tilt, as 
if it had been rotated about a vertical axis, although the horizon- 
tal disparities and the non-visual cues to fixation distance and 
direction are quite unaffected by the introduction of the lens 
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The question therefore arises could the vertical disparities 
supply the information about the viewing parameters that 1s 
required for deriving the structure of the scene from the 
horizontal disparities? The answer, as we shall see, is in the 
affirmative, and the hypothesis that the viewing parameters are 


~. derived from the vertical disparities rather than from non-visual 


information sources accounts quantitatively for the above 
phenomenon, which Ogle has described as the ‘induced effect’? 

It has recently been pointed out®’ that a binocular system 
which takes account of the vertical as well as the horizontal 
image coordinates can in principle solve the interpretation 
problem without recourse to extra-retinal sources of informa- 
tion, and also® that there exists a remarkably simple approxt- 
mate method of deriving the position and orientation of a 
visually textured plane from the horizontal and vertical dis- 
parities of a small number of texture elements lying ın the 
plane Figure 1 illustrates the geometry of this situation O and 
O' are the nodal points of the two eyes, and the observer 1s 
looking—not quite straight ahead—at the plane Z= 
PX + QY +R, where the Z axis joins the mid-point of O O' to 


forward direction The capital letters refer to a coordinate 
system with the origin at the midpoint of the line joining the 
optical centres of the eyes If the fixation distance R 1s large 
enough compared with the interocular distance J, then one can 
neglect, in the disparities, terms of the second order in T/R It 
then becomes possible to use the algebra that Longuet-Higgins 
and Prazdny‘* used in their analysis of the visual perception of 
motion, the problem being tsomorphous with that presented 
by the stereoscopic viewing of an object at a moderate distance 
If sin (g) =s and cos (g) = c, one obtains, ın this way, 


H(x, y)=x'-x =[(Pe+s)x + Ocy +(e — Psx? — Qsxyll/R (1) 
V(x, y)=y'—y =[sy + (c —Ps)xy — Qsy H/R (2) 


These equations simplify 1f g 1s small enough for s and c to be 
replaced by g and 1 respectively, and for Pg and Qg to be 
neglected, in these conditions 


H(x, y)=x'—x =[(P+g)x+Qy+x°l/R (3) 
V(x, y)=y'~y =(gytxy)I/R (4) 


These equations immediately suggest a way of computing the 
unknown parameters P, Q, R and g The equation for V implies 
that a plot of V/y against x gives a line of slope J/R and 
intercept gI/R, so that the values of R and g can be obtained 
from the vertical disparities of just two non-meridional points 
with different x coordinates (that is, points with y #0 and 


_X1#X2) Explicitly 


R =1/ Vey §= V,/ Vey (5) 


where V, and V,, denote the coefficients of y and xy ın the 
expression for V Likewise, if H, and H, denote the coefficients 
of x and y in H, ıt follows from equation (3) that 


P+2=H.R/E, Q=H,R/I (6) 
Substituting from equation (5) into equation (6), we infer that 
P= (H. _ V,)/ Vay Q = H,/ Viy (7) 


In short, the viewing parameters R and g can be directly 
computed from the vertical disparities alone, once they are 
known the geometrical parameters P and Q may be computed 
from either equation (6) or equation (7), ın which the viewing 
parameters do not appear explicitly A computer simulation 


, Implementing equations (5) and (7) has shown that the small- 
\ angle approximations underlying these equations are indeed 


adequate for a wide range of reasonable surface orientations, 
viewing distances and angles of gaze 

When a vertically magnifying lens ıs placed ın front of one 
eye, the two retinal images become mutually incompatible, ın 
the sense of ceasing to admut of a consistent three-dimensional 
interpretation It 1s therefore quite surprising that the observer 
should obtain a clear three-dimensional percept, albeit a distor- 


377 


ted one The induced effect therefore offers a challenge to 
theories of stereopsis Would a ‘seeing machine’ which was 
based on a particular theory be subject to the induced effect, 
or would it arrive at a different interpretation of the two images, 
or fail to reach any interpretation at all? For example, machines 
based on the theories described in refs 6 and 7 would not be 
subject to the induced effect and therefore may be excluded as 
models of the human visual process Similarly, a full 
implementation of equations (1) and (2) would not in general 
show the induced effect, whereas a machine implementing the 
approximate solutions [equations (3) and (4)] apparently mter- 
prets the two images in a similar way to that reported by human 
subjects We shall now show that a system which computes P 
and Q directly from equation (7) will be subject to an induced 
effect of exactly the same nature and magnitude as that investi- 
gated by Ogle 

Suppose that a lens of horizontal magnification A and vertical 
magnification æ ıs placed over the right eye Then the new 
retinal coordinates for that eye will be 


X= Ax’, y= py’ (8) 


so that the horizontal and vertical disparities will be 


H=f-x=A[(P+g)xt+Oy+x7U/R+Aa-Dx (9) 
Y=$-y=y(gy +xy)I/R + (u —1)y (10) 
The new values of V, and V,, will therefore be 
V, = ugI/R +(u -1)=u(V,+1)-1 (11) 
Vey = UI/R = BY xy (12) 
and the new values of H, and H, will be 
H, =A(P+g)/R+(A-1)=A(H, +1)—1 (13) 
H, =AQI/R =AH, (14) 
The apparent values of P, Q and R will therefore be 
P=(H,-V,)/Vy =[A (H; +1) -u (V, +1) Ve Vay (15) 
Ô = Ê,/ Vey =AHy/ Vig = AQ/ u (16) 
R =I / Vey = I/U Vay = R/ (17) 


If A and u are both «1, the values of Q and R are not much 
affected, but with P it 1s an entirely different matter To see 





xX 


Fig. 1 The coordinate system has origin at the midpomt of the 
line joining the optical centres of the eyes (O and O’) The line 
joining this point to the point of fixation (0, 0, R} defines the Z 
axis, the X axis lies ın the plane containing the lne OO’ and 
fixation point, and the line normal to this plane ıs the Y axis The 
angle of gaze g, 1s the angle OO’ makes with the X axis The 
analysis assumes that the eyes are free to rotate around their X 
and Y axes but not their Z axes 
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this, suppose that P 1s actually zero, as it will be for a fronto- 
parallel plane Then, according to equation (7), H, and V, must 
be equal, and so the apparent value of P, given by equation 
(15), will be 


P=(A-p)(1-V,)/nViy (18) 


As V, 1s of order 7/R, and A and p are close to 1, we may 
neglect V, in the numerator and infer that 


P=(A—p)/Vey =(A—B)R/I (19) 


Equation (19), with yw set equal to 1, becomes Ogle’s own 
expression for the apparent tilt produced by a horizontally 
magnifying lens—-an effect which can be understood ın purely 
geometrical terms and which he therefore named the ‘geometric 
effect’ Various predictions follow, and all are confirmed by 
Ogie’s observations 

(1) The apparent tilt is proportional to the difference between 
the horizontal and vertical magnification, so that for a given 
value of R a vertical magnification induces an apparent tilt 
equal and opposite to that produced by an equivalent horizontal 
magnification (The induced effect actually falls off at high 
magnification, this 1s not predicted by equation (19), but 1s 
presumably connected with the fact that V,/V,, then 
implies an umplausibly large value for the angle of gaze ) 

(1) An ordinary spherical lens, with A = yw, induces no tilt 

(a1) When u =1 and A near 1 the induced tilt 1s proportional 
both to à —1 and to R Ata viewing distance R = 40 cm, Ogle 
found that the angle of tilt increased by 3-3 5° for every 1% 
Increase in magnification With an interocular distance J = 
6 5cm, equation (19) predicts a value for this ratio of 


(180/7) x (40/6 5) x (1/100) = 3 53° per % magnification 


In his experiments, Ogle actually used a null method of estimat- 
ing the induced tilt of a vertical plane the subject had to tilt 
he plane himself (in the opposite direction) until the apparent 
slope P became zero, that 1s, untl H,=V, This relation- 
ship entails that 


A(H, +1) =e(V,+)) (20) 
or 
(à —u)=AH,- uV, =[A(P+g)-ugI/R (21) 
Remembering that A = 1 and u = 1, we get 
u-A=PI/R (22) 
showing that the actual value of P required to make P = 0 1s 
P=(uy~-A)R/I (23) 


This 1s, indeed, equal and opposite to the apparent tilt of a 
fronto-paralle] plane under identical viewing conditions 


Discussion 


It has commonly been believed (see ref 9 for a review) that 
only the horizontal disparities convey useful information about 
the distances of objects, and only qualitative information at 
that Vertical disparities, which arise when an object 1s nearer 
one eye than the other, have been regarded merely as something 
that the visual system must be capable of allowing for ın fusing 
the two images into a unitary percept Our approach to the 
problem, from an artificial intelligence standpoint, has led to a 
computational solution of the interpretation problem which 
accounts quantitatively for the induced effect Various explana- 
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tions of this effect have been proposed, both by Ogle and by 
others'****, but none, we feel, follows so naturally from a 
theory of normal stereoscopic depth perception as the explana- 
tion proposed above (the limitations of a recent theory’? which 
attempts to explain the induced effect without using vertical 
disparities have been criticised elsewhere) Ogle’s explana- 
tion, like ours, agrees quantitatively with the psychophysical 
magnitude of the induced effect, but requires the use of the 
vertical disparities on the vertical meridian to compute the 
compensatory rotation of the Veith—Muller circle necessary to 
maintain the correct egocentric localization (this corresponds 
to the direction of gaze in our expressions) However, Ogle’s 
theory fails to exploit the vertical disparity information at other 
retinal locations and thus does not solve for the other viewing 
parameter, distance, which remains as an unknown scaling 
variable in his expression Note that the retinal eccentricity of 
the location at which the disparity information 1s measured 1s 
of fundamental importance ın our expressions relating horizon- 
tal and vertical disparity to the viewing and scene parameters 
[equations (1)-(4)|] Without the terms derived solely from the 
retinal eccentricity, the system of equations would be 
homogeneous and without a unique solution The emphasis on 
a coordinate system derived from concern with corresponding 
points—the horopter and the Veith—~Muller circle—may have 
masked the importance of these terms from Ogle’s consider- 
ation, and may explain why, when he was so close to a complete 
solution, he failed to find ıt 

As our theory is formally complete, it predicts that the 
induced effect will result from any stimulus which supplies 
misleading cues about the viewing parameters—the distance 
and direction of the fixation point Although the vertical dis- 
parities from any two retinal locations could be used to solve 
for the viewing parameters, and thus the computation could be 
essentially local to a particular region of retina, the results of 
the computation have global implications which can provide 
powerful constraints and checks on its consistency In contrast 
to the interpretation of horizontal disparities where the resyilts 
in One region of the retina exert little constraint on the interpre- 
tation at another region, the interpretation of the vertical dis- 
parities should give the same result everywhere There are 
obvious advantages ın making viewing system parameters 
globally available, and so one might expect that the induced 
effect would act on the whole visual field even though vertical 
disparity information could only be derived from a particular 
region of ıt Ogle’ reports an experiment confirming this 
expectation Vertical disparities from one part of the visual 
field changed the apparent depths of vertical rods (which of 
course cannot provide vertical disparity information) ın accord 


r 


As 


{ 
a 


with the predictions of the induced effect If the stimulus situ- ` 


ation presents incompatible vertical disparity information at 
different parts of the visual field or, alternatively, vertical dis- 
parity information whose interpretation results in grossly 
implausible viewing system parameters, one might expect some 
difficulty in perceiving the induced effect This may explain why 
there may be some difficulty in producing the induced effect 
without the aid of a cylindrical lens** '° 

Finally, it ıs of interest that Ogle reports excellent agreement 
in estimates of stereoacuity derived from experiments inves- 
tigating the induced effect and other psychophysical procedures, 
which correspond to a sensitivity of about 0 2% magnification 
between the two eyes’ mages The constraints that this degree 
of resolution imposes on the implementation of the processes 
described above are currently the subject of computational and 
psychophysical experimentation 
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Could primordial black holes be the 
ç source of the cosmic ray antiprotons? 


Michael $. Turner 


Astronomy and Astrophysics Center, The University of Chicago, 
Chicago, Illinois 60637, USA 


Antiprotons (p) are expected to be found in the cosmic rays at 
the level of ~10~* relative to protons (p) as they should be 
produced by cosmic-ray proton collisions with the interstellar 
medium“. The recent observations of Buffington et al*. are 
puzzling, however, because the total p flux observed is ~10 
! times larger than predicted, and the shape of the p spectrum 
differs greatly from that predicted. We explore here the possibil- 
ity that primordial black holes (PBHs) of mass ~10’*-10"* g 
which evaporated after decoupling (f= 10** s) are the primary 
source of the cosmic ray ps. The PBH scenario predicts a 
universal p/p ratio of ~10~*-10™*. 

Cosmic-ray protons are generally believed to traverse 
~5 com” during their life in the Galaxy Cosmuic-ray proton 
collisions with the interstellar gas are therefore predicted to 
produce an p flux of p/p =2 x 10% for p kinetic energies above 
a few GeVs The predicted p/p ratio falls very steeply for p 
energies below about 1 GeV (refs i-3) The recent measure- 
ments of Buffington et al? in the energy range 130-320 MeV 


J indicate a p flux of ~2x107>cm™ sr“ s~ GeV, which 1s 


several orders of magnitude larger than the flux expected ıf the 
ps are cosmic ray secondaries The three measurements made 
so far span the energy range from ~100 MeV to ~10 GeV, 
and are consistent with a constant p/p ratio of ~3x107* The 
integrated p flux ıs about a factor of 10 larger than 1s predicted 

There are three possible explanations of the discrepancy 
(1) The measurements are wrong The results for the energy 
range of a few to 10 GeV are only a factor of two to three 
higher than the predicted fiux*ć Buffington et al’s* measure- 
ment shows greater divergence (2) The ps observed are indeed 
secondary particles, but the standard picture of cosmic ray 
propagation must be modified For example, some of the cosmic 
ray protons would have to traverse significantly more grammage 
than ~5gcm” thus producing more pfs’’, and a stochastic 
mechanism"’ to decelerate the ps would be required to explain 


‘the high flux of low-energy ps Buffington et al* observe 


(3) The ps detected are primary particles originating from the 
big bang, or from regions of antimatter If their origin is the 
big bang, then there 1s the problem of storing them so that they 
escape annihilation’*, and then subsequently injecting them 
into the Galaxy If the observed ps originate from antigalaxies’”, 
then it ıs difficult to understand why the “He/*He ratio 1s 
<2 2x10% (95% confidence, ref 4), rather than being equal 
to the p/p ratio= 3 x 107% 

Here I discuss three models in which evaporating PBHs of 
mass ~107°-10** g radiate ps sufficiently late in the history of 
the Universe that the ps avoid annihilation, leading to a universal 
abundance of p/p~107*-107° The initial spectrum of PBHs 
required to explain the observations 1s consistent with previous 
constraints on the spectrum of PBHs™, and could also lead to 
, the production of a significant baryon asymmetry’? (much 
t earlier in the history of the Universe, t~10™*’s) Because the 
PBHs must have a temperature of = 1 GeV when they produce 
the ps, antinucle: will not be produced in the process, thus 
explaining the absence of antinucle1 

First, consider the question of producing ps that do annihilate 
with the ambient protons ın the Universe The p annihilation 
rate Iann 18 given by 

AGT ann T Ny(OV)ann (1) 
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The number density of protons, np, 1s just (n,/n,)Xn,= 
(3x 107") x (22(3)T?/m), where n,/n,=(3-5)x10° (J 
Yang et al , ın preparation) and the second factor 1s the number 
density of photons at temperature T, £(3)=1 202 The annhila- 
tion cross-section times the relative velocity (ov)ann™ Mp 
Annihilations will not occur at a significant rate if Tann < H = 
R/R=1 66 gx T’/m,, (the expansion rate) Here =c =ky= 
1, ma = G7"? = 10°" GeV and g, 1s the total number of effective 
degrees of freedom of all the relativistic species at a temperature 
T The condition lan <H requires 


T <10°(ar?/2¢(3))m2/my~0 1eV (2) 


This temperature roughly corresponds to that of decoupling 
(T~1,000K), and to a time t~10'*s Essentially all the ps 
produced after t~10'*s will avoid subsequent annthilation, 
while ps produced earher will be annihilated (Ifn,/n, = (3 —5) x 
10710, then the Universe will be matter-dominated when the 
anmihilations cease and the analysis above must be modified 
If, however, the Universe is nucleon-dominated now, then the 
time at which annihilations cease ıs independent of n,/n, If 
the Universe is not nucleon-dominated and Oh?~1,t=3~x 
10°* s) 

Hawking’® showed that a black hole of mass m should radiate 
lıke a blackbody with temperature 


T =0 1m,i(mp:/m) (3) 
and evaporate in a tume” 
T= M51 (m/mp:) (100/g,) (4) 


where g, 1s the number of species with mass less than T Of 
course, this process 1s only important for black holes of mass 
m<1Mo Such black holes must be primordial (produced from 
density perturbations in the early Universe, see, for example, 
ref 13), as known astrophysical processes can only produce 
black holes of mass M =few Mo 

Equation (4) shows that PBHs are ideal candidates for pro- 
ducing ps after t~ 10*4s, as they have a built-in clock PBHs of 
mass m2 10'®m,,~10" g will evaporate after t~10'*s A 
PBH of mass m ~ 10°% m,; has a temperature of ~1 GeV As 
it radiates, its mass decreases and its temperature increases If 
we assume that for T= 1 GeV about one-tenth of the particles 
the PBH radiates are fis’*, and the typical p momentum 1s ~T, 
then the spectrum of ps produced 1s 


dn =2 x 105p? dp (5) 


where the momentum p ıs measured in GeV A PBH more 
massive than 10'* m,, will not emit ps until its mass becomes 
less than ~10'° m,,, and then it will emit the same spectrum 
as a PBH of that mass, given by equation (5) 

Following Carr‘, we parameterize the initial PBH spectrum 


as 
dn(m) _ (2) ~ dm (6) 


where dn (m)/n, 1s the number of PBHs per photon ın the mass 
interval m >m +dm, č 1s the normalization (=fraction of the 
mass density of the universe in PBHs at tpı ~ 107“ s) and a 1s 
the index of the spectrum The most stringent constraint on ¢ 
and æ results from the insistence that PBHs of mass ~10* g 
do not contribute excessively to the diffuse y-ray background”, 


[= 10m (7) 


Of course, č must also be <1 [In equations (6) and (7) it 1s 
assumed that the number of PBHs per photon has remained 
constant (neglecting evaporation) This relies on the assumption 
that the expansion of the Universe has been approximately 
isentropic, so that the number of photons in the Universe has 
not increased significantly | 
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Summing the contribution of all PBHs more massive than 
~10**g and taking into account the subsequent cosmological 
redshift of the p momenta, we find that, at present, 

dns 55 5—19 5 ~3/4—a/4 

——=10 KET ==" d KE (8) 
ny 
for p kinetic energies (measured in GeV) 1n the range 1 GeV= 
KE2=10~° GeV The lowest-energy ps are those that were emit- 
ted with momentum ~1 GeV by 10” g PBHs just after decoup- 
ling, at present they have KE~107™° GeV (v~107%c) For 
relativistic ps (E =few GeV), 

dns 10> 5—19 Sapp? dE (9) 

ny 
None of the ps produced by PBH evaporations would have 
initially collapsed into galaxies with the baryons, both because 
the ps are emitted during the epoch of galaxy formation (z < 10°) 
and since they are relativistic when they are emitted they are 
moving too fast to be captured in galaxies or protogalaxies 
The entire spectrum, equations (8) and (9), ıs primarily due to 
the ~10*°g PBHs which evaporated shortly after decoupling 

The universal abundance of ps relative to photons 1s obtained 
by integrating over the spectrum 


Ne ke = 
—~ 19545 the + se 10 13 
hy 


(10) 


and it ıs dominated by the low-energy ps (v « 107°c) The upper 
lmit in equation (10) ıs obtained by using the maximum value 
of £ consistent with the limit derived from the diffuse y-ray 
background (f=1, æ =3 75) Equation (10) translates into a 
universal p/p ratio < 10 

Antiprotons are not annihilating rapidly enough now to 
deplete their abundance significantly, however, the a°s pro- 
duced in pp annihilations contribute to the diffuse y-ray back- 
ground when they decay To compute the annihilation rate one 
must use the nonrelativistic annthilation cross-section, (ov )ann = 
7x107" cm’ s~* (c/v) (ref 18) The contribution to the y-ray 
background today 1s 


I =[(p/p)/107*]13 x 1075 cm™ sr s~! (11) 
The flux observed at E,~100MeV ıs about 3x 
10-°cm™ sr“ s~} (ref 19) The y-ray background thus places 
an upper bound on the universal p/p ratio of ~107* (v/107%c), 
regardless of their source (assuming that they are non-rela- 
tivistic, see also ref 12) ’ 

From the abundance of ps due to PBH evaporations 
[equations (8) and (9)], one must calculate the resulting galactic 
cosmic ray p flux For reference, the observed P flux corresponds 
to a local antiproton number density of 


Nal eataxy ™ 107'4 cm”? (12) 
essentially all in the energy range 0 1-1 GeV If the Galaxy 1s 
taken to be a sphere of radius ~30 kpc, and the p number 
density constant, there are about 10°° p ın the Galaxy today 
The escape time for cosmic rays of energy greater than several 
GeV ıs ~10’ yr, however, lower-energy cosmic rays may be 
trapped for longer In any case, the annihilation time scale for 
an p in the Galaxy ıs ~10° yr Thus a reasonable estimate for 
the lifetime of an p ın the Galaxy ıs 10’~10° yr, and so fs of 
energy 0 1-1 0 GeV must be replenished at the rate of 


wt? 119391940 on? 
ay 10°°-10"" s 


This is the rate at which the ambient intergalactic ps must be 
injected into the Galaxy 

There are three possible injection models (1) low-energy 
(v ~10-*c)ps are captured by the Galaxy and then accelerated 
up to ~0 1-1 0 GeV, (2) ps in the energy range 0 1-1 0 GeV 
are captured by the Galaxy, (3) PBHs of mass ~10*5 g which 


(13) 


are in our Galaxy and are evaporating today supply the required 
flux of ps All three models are viable, and have associated 
uncertainties and difficulties 

In the case of model (1), the total flux of low-energy ps 
(v = 107*c) on the Galaxy ts given by 


dN, 
dt 
To supply the required number of ps in the energy range 
0 1~1 0 GeV, the efficiency of capture and acceleration must 
be >107* 
In model (2), the total flux of ps in the energy range 0 1- 
1 0 GeV on the Galaxy 1s given by 
dN, 
dż 


z TOn gs} < 10" sl 


= 19 115-19 Say st < 10% 57 (15) 


In this case to supply the required numbers of ps ın the range 
0 1~1 0 GeV, the probability that a given p with energy ~0 1- 


1 0 GeV incident on the Galaxy enters the galactic magnetos- ;-+ 


phere must be 2107* In both models (1) and (2) the ps must 
scatter off inhomogeneities in the galactic magnetic field in 
order to become galactic cosmic rays This process 1s not well 
understood, and remains the biggest uncertainty in the estimates 
for models (1) and (2) In both models the ps come primarily 
from ~10'? g PBHs which evaporated at t~ 10° s 
In the case of model (3), although the bulk of the ps in the 
intergalactic medium are produced by ~10** g PBHs which 
evaporate just after decoupling, ~10'°g PBHs which are 
evaporating now are the primary source of galactic ps If we 
assume that these PBHs collapsed with the baryons during 
galaxy formation, then their local number density 1s enhanced 
by a factor of ~10° relative to equation (6) The ps such PBHs 
radiate now have energies 0(1 GeV), and are already inside the 
Galaxy The total flux of ps from ~10'° g PBHs ın the Galaxy 
18 
dN; 10H ay go} < 10%? g7! 


EP (16) 
For the maximum value of Z, the total flux 1s 10%-10° larger 
than required Thus one could improve Carr’s constraint? on 
é slightly, £<10777*7°* This model requires the number density 
of 10*° g PBH to be within ~107~10? of the maximum allowed 
number, ıt has the advantage that the ps do not have to penetrate 
the galactic magnetosphere to become cosmic rays, hence avoid- 
ing the uncertainties involved with this process 

It ıs therefore possible for the evaporation of ~10°7-10"* g 


PBHs to produce the observed, but unexplained, large flux of~~ 


~0 1-1 0 GeV ps The number density of PBHs must be within 
a factor of ~10* of the upper limit allowed by the y-ray 
background constraint’* The mass spectrum of PBHs can have 
an index @ ın the range 2-3 75 In the first and second models 
a must be ~3 75 unless the injection of ps into the Galaxy 1s 
very efficient If PBH evaporations are responsible for the 
cosmic ray ps, then there should be a universal p/p ratio of 
~107*-107* in the intergalactic medium In two of the models 
discussed, intergalactic ps must penetrate the galactic magnetos- 
phere to become cosmic rays In the third model, the cosmic 
ray ps are produced by ~10*° g PBHs within the Galaxy which 
are evaporating today None of the PBH models 1s compelling, 
but they are plausible, and perhaps even intriguing 

After completing this paper, I realised that Kiraly et al” 
have also suggested PBHs as a source of the cosmic ray antipro- 
tons The model they discuss is similar to my model, in which 
PBHs evaporating ın the Galaxy today are responsible for the 
cosmic ray ps 

I thank Tom Gaisser for introducing me to this problem and 
for beneficial discussions, and Gary Steigman for useful com- 
ments This work was supported in part by the DOE (ACO2- 
80ER10773) at University of Chicago and by NSF grant 
PHY 77-27084 at University of California, Santa Barbara 
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Isotopically distinguishable carbon 
phases in the Allende meteorite 


P. K. Swart, M. M. Grady & C. T. Pillinger 


Planetary Sciences Unit, Department of Earth Sciences, University 
of Cambridge, Cambridge CB2 3EQ, UK 


The stepwise oxidation of the Allende meteorite reported here 
has shown that there are at least three isotopically distinct 
carbon phases, each combustible over different temperature 
ranges. The temperature of combustion is dependent both on 
grain size of the fragments studied and/or on the nature of the 
carbonaceous material and its availability to the oxygen. Thus 
we attempt here to correlate the isotopic signatures recognized 
with phases whose existence has been postulated to explain 
noble gas systematics'” and to provide some insight into the 
nature and location of these phases. Most of the carbon (8°C= 
—20%), possibly a Inghly cross-linked polymer, exists pre- 
dominantly m the matrix and has been reported by others? to 
be the host of most of the normal planetary noble gases. Carbon 
protected in mineral grains may be isotopically heavier at —13 
to ~7%., but is still more easily oxidized than graphite when 
exposed by HF/HCI demmeralization. A very easily oxidized 
phate, as yet unidentified, has a °C value typically ~ —23 to 
~27 hos 

Carbon isotopic analyses of carbon-rich meteorites (CI, CM2, 
C3 and type 3 unequilibrated ordinary chondrities), apart from 
H3PQ,-released fractions, have revealed a very uninspiring 
range of values In fact, after removal of obviously separable 
minor components, such as carbonate and soluble organics, 
some of which may be contaminants, bulk carbon usually has 
an isotopic composition of between —5 and —28%. and shows 
no coherent trend relative to meteorite group or petrological 
type” The bulk of the carbon in chondrites 1s largely uncharac- 
terized and only operationally defined Thus, being insoluble 
in mineral acids and organic solvents, ıt can only be some 
allotrope or polymer of carbon The root cause of the unpre- 
possessing isotopic compositions may be that bulk carbon ts an 
unresolved mixture in such meteorites With material of several 
different isotopic compositions present in varying proportions, 
bulk values would be at best confused Recognition of several 
carbonaceous noble gas host-phases within a single meteorite’ ” 
apparently endorses such an interpretation Obviously a method 
capable of further resolving mixtures within the bulk carbon 
would possibly allow isotope signatures to be recognized 

The Allende C3V meteorite has a reported carbon isotope 
value of between —16 4 and —19 5% (refs 6-8) Much effort 
has been made recently to separate carbon-rich phases, thought 
to be among the hosts of anomalous noble gases, from the 
meteorite’* In one such study, a separate (AMI)? was com- 
busted and carbon isotopic analyses of the CO, produced repor- 
ted by Ott et al? The data showed increasing heavy isotope 
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Fig. 1 Stepwise oxidation of three standard carbonaceous sub- 

stances Kerogen (type I kerogen extracted from Upper Jurassic 

Kimmeridge Clay), PSU-1 carbonate (sparry calcite standard), 

and graphite (NBS-21) The 5'3C values obtained by a one-step 
total extraction are shown as horizontal hnes 


abundance with temperature At the time, this change was 
thought to be a result of kinetic isotope effects and hence 
dismissed as of no significance ” Recently, however, we have 
obtained evidence which suggests that such an interpretation 
may have been premature We performed a series of stepwise 
oxidations using various bulk sieve fractions of the Allende 
meteorite (>50um, <50pm and <25ym) as well as a sample 
from which silicate had been partially removed by HF/HCl 
treatment, in an effort to bridge the gap between fully 
demineralized and bulk samples The method involved 1s similar 
to that used by others”? for stepwise oxidations and involves 
the combustion of each sample for 30 min ın an atmosphere 
of O.(>20 mbar) derived from the decomposition of CuO 
Gases evolved are frozen into a variable temperature cryogenic 
trap and excess O, adsorbed onto a CuO/Cu furnace Carbon 
dioxide produced 1s separated from SO, and measured with a 
capacitance manometer Isotopic measurements were per- 
formed using a VG Micromass 602-E and data reported ın 4 
relative to PDB To evaluate the extent of kinetic isotope effects 
during stepwise combustion, several carbonaceous substances 
were analysed using the same method 

Stepwise carbon release patterns and isotopic compositions 
for the standard and meteorite samples are shown in Figs 1 
and 2 For the <50 um fraction, carbon yield and isotopic 
values, calculated by summing the individual temperature steps, 
agree well with measurements made during conventional 
extraction procedures, bulk measurements have not been made 
on the other fractions Unfortunately, the higher temperature 
extractions of the HF/HCl-treated sample were contaminated 
with fluorinated species and no isotopic data were obtained 
However, on the basis of previous results’, we assume that the 
500-800 °C fractions would have contained slightly heavier 
carbon We discount the interpretation that an increase in heavy 
isotope abundance with temperature of oxidation, seen ın all 
cases, merely reflects kinetic isotope fractionation for several 
reasons (1) None of the standard materials exhibited a variation 
>+15% about their mean 6'°C values, although weighted 
averages of the 6‘°C obtained ın a stepwise fashion are compar- 
able with that derived from a single step combustion (2) The 
spread of Allende isotopic measurements ıs 15-20%. irrespec- 
tive of grain size and is independent of whether any silicate has 
been removed from the sample The release pattern of the 


© 1982 Macmillan Journals Ltd 


382 


) 
8 


% C released { 





0 200 400 600 


TCC) 


800 1000 


Fig. 2 Per cent carbon release and 6'°C composition from 

varıous sıze fractions and treatments of Allende a, >50 um bulk 

duplicate analysis, £8 C=—17 2, —17 1%, EC=0 21%, only 

one carbon release profile 1s shown, b, <50 pm bulk, zeUC= 

—18 8%, EC=0 27%, ¢ <25 um bulk, 8° C=—18 9%, EC= 

0 37%, d, partially demineralized by HE/HCI, 36°C = —17 4%, 
XC=1 89% 


carbon from the sample 1s, however, governed by the physical 
condition of the sample, being easier to combust ın the absence 
of minerals and much more difficult to release from the >50 wm 
fraction The opportunity for kinetic isotope effects in the latter 
sample, which was analysed ın duplicate, 1s obviously greater 
but clearly not excessively manifest (3) None of the 
undemineralized meteorite samples show a regular and con- 
tinuous increase in ÂC with temperature In the samples of 
>50 um and <50 um, troughs occur in the isotope release 
pattern over the 500-700°C interval The <25 um sample 
exhibited two distinct plateaus corresponding to peaks ın the 
carbon release (4) Stepwise combustion applied to other 
meteorite samples gives rise to complex release profiles which 
cannot be explained by simple kinetic fractionation’® 

We suggest that for Allende, different forms of carbon are 
being oxidized or decomposed as temperature increases 
Undoubtedly, some kinetic isotopic fractionation occurs, but 
this is probably within a few per mil, based on evidence from 
our stepwise combustion of individual carbonaceous substances 
The profile obtained for the <25 um fraction provides the best 
estimate of the isotopic compositions of the carbon phases (Fig 
2) We have estimated the isotopic compositions on two criteria 
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first, the carbon shows sharp release profiles and second for 
the most part these profiles appear to correspond with plateaus 
in the carbon isotope ratio The initial low temperature release 
(below 400 °C) shows a rapid increase ın 1sotopic ratio to the 
first plateau, perhaps as a result of mixing of two or more phases 
having only slightly different oxidation temperatures The mid- 


temperature oxidizable phase, which contributes the bulk of J 


the carbon is released over the interval 450-600 °C and has a 
mean 6°C of ~—20 3% The high temperature carbon ın the 
<25 wm fraction is liberated above 600 °C and has the heaviest 
carbon encountered ın this size fraction and averages out at 
—13 4% Higher &’°C values may be encountered in coarser 
size fractions (Fig 2) although these could reflect an enhanced 
kinetic isotope effect 

In the duplicate >50 um sized fractions of Allende, a reduc- 
tion in the carbon isotopic ratio between 500 and 600 °C was 
observed Such a pattern of isotopic release could be explained 
as the existence of a further, possibly low abundance, car- 
bonaceous phase possessing a very negative isotopic composi- 
tion During stepwise combustion of <4 um Allende matrix 


samples’, the 6'°N plummets to —53% for the 128 ppm of” 


nitrogen liberated during the 490 °C step and correlates strongly 
with the release of a heavy xenon component suggesting the 
addition of an isotope of nucleosynthetic origin’ The admix 
of nearly pure 'N of presolar origin into Solar System materials 
has previously been discussed by several workers’?""* There 
may be no a priori significance between compatible release of 
nuclear components and a possible low 6'°C, but the com- 
cidence merits further study 

The carbon release and isotope patterns of the various frac- 
tions studied allow us to draw some conclusions regarding the 
nature and location of the phases believed to exist First, we 
note that the mid-temperature phase (<25 um nomenclature, 
Fig 2c) which constitutes most of the carbon ın the meteorite 
1s of variable temperature release when other fractions are 
considered Coarse sieve fractions do not release the phase 
completely until 900 °C, but our partially demineralized sample 
and the AMIl fraction of Ott et al? suggest that ın 1ts free form 
this material combusts between 300 and 600 °C Such a reaction 
temperature 1s above the value found for a type I terrestrial 
kerogen, but well below that observed for NBS graphite and 
lends credence to the interpretation that the major carbon phase 
in Allende 1s a highly cross-linked, possibly aromatic, polymer, 
although some allotrope of carbon such as carbyne or amor- 
phous carbon cannot be ruled out We thus concur with the 
interpretation of Simmonds et al*° that carbon ın Allende 1s 
in a macromolecular form unlike graphite We are unable to 
comment on the oxidation properties of “the interwoven rib- 
bon-shaped packets of graphite layer plains” of Smith and 
Buseck”® or poorly crystalline graphite’? Although direct com- 
parisons are difficult because of sample differences, the mid- 
temperature phase is most probably that discussed extensively 
by Frick and Pepin in relation to noble gases and nitrogen’ 
The mid-temperature carbon phases must be associated with a 
portion of the meteorite which can be easily crushed and avail- 
able for oxidation, the evidence seems to point strongly towards 
the fine-grained olivine matrix which has been shown to have 
carbonaceous surface deposits’’’® Second, the high tem- 
perature carbon phase of the <25 um fraction does not show 
a pronounced temperature variation when other sieved 
undemuneralized fractions are considered Thus the heaviest 
carbon in the sample probably resides within the silicate 
minerals and corresponds to the so-called ‘protected phase’ of 
Frick and Pepin? Once the silicate minerals are partially or 
completely removed, the carbon becomes oxidizable below 
700 °C suggesting that it 1s neither a highly crystalline nor 
ordered graphite Third, the very low temperature phase 
released below 400 °C ın all undemineralized samples ts clearly 
available to oxidation Although precautions were taken, it 
cannot be ruled out that a proportion of terrestrial contamima- 
tion is involved Finally, we perceive, as previously reported 
by Chang et al ê an increase in carbon content and a slight shift 
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lude that ‘stepwise “combustion: of bulk and 
red samples provides : an easy and relatively contami- 
method of identifying the carbon isotopic composi- 
phases within Allende. The use of the technique in 
tion with noble gas and other volatile element analyses 
its application to model materials should prove highly 
_ informative. 

We thank the SERC for support, Professor E. Anders for 
stimulating our interest in stepwise combustion, the members 
of the Planetary Sciences Unit, Cambridge for helpful dis- 

cussions and Mr I. Gilmour for the kerogen sample. 
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acidity ofr rain has attracted considerable internationali inter- 

ing the past decade. An ares of enhanced rainfall acidity 
-focus in the Low Countries of north-west Europe was 
tified by the European. air chemistry study’ for the period 
+48, and widespread concern arose as a result of observa- 
that fish populations were decreasing in areas of Scan- 
inavia subject to acid rain’. We report here measurements of 
acidity and related anion concentrations in rain collected at 16 
sites in northern Britain during the period 1978-80. Estimates 
are provided of annual deposition of acidity in rain, the propor- 
tion of this acidity attributable to sulphuric and nitric acids, 
and an example of the influence of local concentrations of 
pollutant gases on rainfall acidity in cities. 

“The term ‘acid rain’ refers to rain more acid than water in 
equilibrium with atmospheric concentrations of carbon dioxide 
(~pH 5.6, 2.5 pEquiv, H*] 17). Although several factors are 
involved, the areas in Scandinavia with significantly altered fish 
Populations. are subject to rainfall acidities of 30- 
quiv. H> T? (pH 4.5-4.2). Fish mortality in acid water is 
inly by. problems with body salt regulation, the 
ylity of aluminium compounds in acid water 
implicated in these effects’. Evidence for links 
ecipitation and fish mortality is not restricted 
as similar effects have been reported for eastern 
* and Scotland’, 
sd Kingdom there have been few detailed and 
observations of rain chemistry in recent years, des- 
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south-east”. Ten years later, Stevenson reported concentrations 
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of all the major ions in rain except hydrogen for eight sites in 
Britain®. In 1978 and 1979, Martin and Barber showed that 
rain in central and eastern England was ‘acidic’, with annual. 
average hydrogen ion concentrations of 40-80 wEquiv. HI 
(pH 4.4-4.1. 
At each of the 16 sites (Fig. 1) rain was collected using a 

20 cm diameter Pyrex glass funnel mounted 2 m above ground, 
each funnel surrounded by a ring of spikes to discourage birds 
from perching on the rim: Pyrex glass has been shown to- 
influence concentrations of sodium and potassium ions through ©. 
leaching, and may underestimate acidity but the surface 
properties are likely to remain more consistent over prolonged 
periods in the field than plastic funnels which deteriorate with. 
time. Rain water flowed into darkened polypropylene bottles 
through a small piece of nylon gauze inserted into the neck of 
the funnel to prevent the collection of insects and larger debris. 
Although preservatives were not added, there was only very 
occasional evidence of algal growth occurring between the 
monthly collections of samples, which were sent by post to the 
laboratory where they were stored at 4°C before being ana- 
lysed. There remains the possibility of chemical changes occur- ` 
ring in the sample through biological activity during the intervals 
between collection. However, Galloway and Likens'’ showed — 
that there were no significant changes in concentrations of the © 
major ions, except chloride, over a 7 month storage period at | 
21°C for a sample at pH 4. A continually exposed funnel rather ; 
than an automatic wet-only sampler was used as there were 
problems of reliability and contamination with the automatic 
samplers available in 1977. The contribution of dry deposition 
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Fig. 1 Weighted mean acidity of rain for the period 1978-80-in 
northern Britain from equation (1) (@, rural sites; ©, urban site, 
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From equation (1). 
“+ 1979-80 only. 
+ 1980 only, 
















to es ionic composition of rainfall collected in our gauges has 
been independently estimated, and is discussed later.. 
_ Measurements of pH and the concentrations of sulphate and 
magnesium i ions were made on samples collected during 1978 
nd 1979; since 1980 the range of analyses has included con- 
entrations of nitrate, chloride, sodium, potassium and 
monium ions (J.N.C. and D.F., work in preparation). pH 
yas measured taking the necessary precautions for samples of 
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Fig. 2 Annual deposition of Aydiosen ions (kg H“ ha™') in rain 
© over northern Britain. 
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chloride’* in a continuous-flow system, and ea a was 
measured as ammonia using continuous flow through an 
ammonia-selective electrode. Magnesium and calcium con- 
centrations were determined by atomic fc sbenteption ERA 
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Glasgow Cis, 1). They nes an app 
coverage of northern. Britain (Table 1). oi T - 

The surfaces of rain collectors. are contam nated by dry 56: = 
sition of gaseous SO, and NO, and particulate sulphate. As a 
result the deposition of sulphur and hydrogen ions in rain is 
overestimated, their estimates in southeastern Scotland being 
exaggerated by ~10% and in northern. and western Scotland 
by 2-5%. The contamination was quantified from funnel wash- 
ings following dry days and from laboratory. experiments in 





which funnels were washed after exposure to SO; (unpublished 
data). Collectors sited at 2 m above ground, to limit contamina- 


tion by surface-derived material, capture 5-10% less rain than | 
identical collectors: at ground level’? However, for estimates | 
of annual deposition this error can be minimized by combining 
the solute concentrations found in the network with the amounts eee 
of rain recorded by the Meteorological Office. | AE 
The weighted mean acidity of rain was least in the north-west ae 
of northern Britain (20 «Equiv. H*1"', pH 4.7) and greatest in 
the east and south of northern Britain (60 pEquiv. wer 
pH 4.2) (Fig. 1) The regional gradient, which. is relatively 
simple, is best described by the following quadratic relation- 
ship. between ‘National ‘Grid coordinates and: hydrogen ion 
concentrations: | 
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where N and E. are four-figure northings and eastings from k 
Ordnance Survey maps. . a 
This empirical eqnapon accounts s for 94 








% of the variation, 
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Me 3 Relationship between hydrogen ion concentrations in rain 
“collected at 15 rural sites in northern Britain for the period 
_ 1978-80, and concentrations of nitrate (@) and non-marine 
(excess) sulphate (©) tons. 





























) srage uncertainty of the predicted values for the locations 
rked in Fig. 1 being +9% (Table 1). 
he regional pattern has been established from collections 
aral locations, it is of interest to consider local vari- 
ssociated with major industrial and residential areas. 
estimate of the ‘city influence’ the Glasgow site 
nnual average SO, concentration is ~80 pg m” 
f included i in the study. The regional pattern predicts 
infall acidity in Glasgow equivalent to 39 pEquiv. H? 1" 
< (pH 4.45) whereas an acidity of 55 pEquiv. H* I”? ( pH 4.26) 
. was actually recorded, indicating that ~30% of the acidity at 
~ that site was of local origin. The difference between the predic- 
dr regional value and measured local value exceeds the largest 
ce between predicted and measured values for the rural 
es by a factor of 2 (Table 1). The excess sulphate 
yat sulphate remaining when sea-derived sul- 
n ‘subtracted. from the total) is also large in 
a proximately. twice the regional pattern esti- 
red with 43 uEquiv.1'). This suggests that 
locally derived sulphate does not contribute to 
eems to be associated with ammonium ions, for 
asgow concentration was over twice the average 
in (43 compared with 19 wEquiv. 1 1), 
rogen i ion concentrations for rain falling at the 
-10-km square of the National Grid are combined 
f orolo al Office's 30 yr data for amounts of 
t can be seen that the deposition of hydrogen 
nfluenced by height above sea level. (Fig. 2), 
t ily attr butable to the relation between amounts 
n and: altitude over northern Britain. Rainfall during the 
: d of study exceeded the 30-yr average by ~10% '’. Rainfall 
chemistry is not independent of altitude, fine rain often encoun- 
tered at high altitudes having characteristically larger ionic 
. concentrations ®. Single rain events show a decrease in con- 
‘centration with the amount of rain'’*". As the combined effect 
of these two processes is uncertain, average rainfall chemistry 
has been assumed to be constant with altitude. It is clear from 
Fig. 2 that rainfall in the west more than compensates for 
smaller average acidities, so that although most of the region 
has a hydrogen ion input in rain of ~0.5 kg H* ha™' yr™", there 
are areas with much larger inputs ie annual hydrogen ion 
deposition may exceed 1 kgha™' yr™'. For a consideration of 
effects the degree of acidity is eee but the quantity of 
cid deposited may be equally important. Henriksen’ sug- 
sat the effects of the direct inputs of acidity in rain, 
ying bodies of freshwater, could be likened to a 
itration. The deposition pattern shown in Fig. 2 
“as.of northern Britain where inputs of acidity are 
parable with areas of Norway where fish popula- 
eased markedly”. 
minant anions in rain are sulphate, siete and 
iter is a significant source of chloride and sul- 



































of gaseous > HCl oes. data) , The proportion of mar 

sulphate varies from >60% at coastal western sites to 10% in 
the east. The two major anions associated with. acidity are 
therefore nitrate and excess sulphate, each of which is strongly 
correlated with hydro ogen ion (Fig. 3). Similar correlations have - 
been noted by others’’**. There are two extreme interpretations — 
of these correlations. On the one hand, all of the nitrate could _ 
be associated with hydrogen ions, in which case 38% of the _ 
acidity would be nitric acid, the remaining 62% being sulphuric 
acid. At the other extreme there is sufficient excess sulphate 
to account for all of the measured acidity as sulphuric acid. 

However, because ammonium sulphate is frequently the major ces 
component of sub-micrometre aerosols in the United King- 
dom™ and because sulphate concentrations in rain are closely. 
associated with aerosol sulphate: concentrations’®, a significant 
proportion of the excess sulphate in rain is likely. to occur as = 
ammonium sulphate, This ‘Suggests that at least some of the _ 

acidity is associated with nitrate ions and that the second inter- 
premon is aoai to be tenable. On average an i increase ini 






































with increases in nitrate ‘and ulphat ee 
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northern Britain is comparable with | that in areas of Scandinavia 
and North America where | opulations of fish have been- 
severely depleted**. The regional pattern of acidity shows no- 
correlation with population: density nor with the distribution of 
major sources of sulphur dio) ide and nitrogen. oxides withir 


the region” . Associated satire! ave shown the | acidity to 
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Long period trendy in i climaté are eamh amocisted with solar 
disturbance’. For example, a close similarity has been demon- 
“strated”? between variations in the length of day (LOD) with 
‘periods greater than about 10 yr and trends in several climatic 
indices over the past” 150; yi We point out here a correlation 
variat ny in the Earth’ rs a the Earth’s 
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; Fig. 1 Plot of the: secular variation of geomagnetic daa D 
(solid curve), of the excess length of day d(AT)/dt (dashed curve) 
and of successive 5 yr averages of the temperature @ over the 
whole Earth (expressed a as departures from the means for 1880-84, 
7 afte: i Pia. 18. 2 of ref. 1, dotted curve). 
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seh D. "RATA i 134-137 (SNSF Oslo, 1980), r 


the secular variation of the geomagnetic field had undergone- 
sharp accelerations of global extent. The last and best studied 
“such phenomenon which occurred around 1970 is described in 





face tempera ire: irate to enod ” a 
of Earth deceleration. It has been further observed’ that the 


excitation function df represents only about 10% of the amount a 


necessary to explain the LOD variations, This led to the con-/" 


clusion that it is not possible as yet to establish causal relation- 


ships between these phenomena and that one ‘cannot decide 
whether (1) atmospheric circulation causes the long period 
changes in LOD, or (2) the fluctuations are both a consequence 
of a third phenomenon, or (3) the fluctuations in LOD cause 
the observed variations in the atmospheric circulation. 
Although A.C. and Lambeck* note the. problems related to 
phase lag between @ (or Y°) and LOD and the insufficient 
amplitude of the excitation function, they tend to reject 
hypothesis (3): because “the total mechanism for exciting the 
LOD changes remains-to be explained”. 
More recently, Lambeck* has reviewed the ‘long period or 
decade fluctuations in the Earth’s rotation and discussed their__ 
geophysical origin. He notes that the role of the core is central, 
for it is the only sufficiently mobile part of the Earth with 
sufficient mass to modify the rotation by the observed amounts _ 
on that time scale. Out of the mechanisms proposed for core- 
mantle coupling, pressure or inertial coupling. due to the ellip- 
ticity of the core boundary, ‘topographic. coupling due to bumps 
on the: core-mantle interface and visco upling all seem to 
be inadequate** < Only electromagnetic re-mantle coupling, ‘ 
as suggested by Bullard et-al.®, survives the screening 
despite severe uncertainties regarding the conductivity | 
lower mantle and the core motions. The key observations 1 
required to resolve these uncertainties come from observations 
of the secular variation, in particular: the rate of westward drift, 
of the geomagnetic field. The magnetic observations available 
to Lambeck did suggest some kind of correlation between LOD 
and geomagnetic variations, but the evidence was inconclusive. _ me 
The situation has been improved with the observation’ that: 






















refs 8, 9, 14. The secular acceleration can first be used to infer a 


an upper bound on the electrical conductivity of the lower _ 


mantle which is found to be of the order of a few hundred — 
QQ m™ (refs 10, 11). This parameter is essential in any compu- 


tation related to electromagnetic core-mantle coupling. 


The correlation’ between secular variation acceleration: nd ar 
extrema in LOD fluctuations. has recently been put on a firmer 
and more systematic basis’? with the demonstration of a good y 
correlation between LOD variations and the secular variation 
of declination, observed for instance in European observatories 
where the longest records are available: the correlation for the 
period 1865-1975 is far more convincing than any previously 
reported (Fig. 1). The correlation coefficient is found to be 
about 0.8, with the magnetic variations leading LOD fluctu- 
ations by about 10yr. J.L. Le M. and V.C. suggest thata 
model of accelerated westward drift of the upper core based 
on the original model of Bullard et a/.° accounts both qualita- 
tively and quantitatively for the observations. In this model, — 
the Earth’s mantle, an upper core layer and the lower core are 
all electromagnetically coupled. A sudden torque applied at 
the time of a secular variation acceleration on a ~ 100 km thick 
upper core layer leads to a very fast response of westward drift 
as observed at the surface, and to.a fast response of the lower 
core in the opposite sense.. The lower core finally drags the. í 
mantle with a longer time-constant, of the order of 10 yr, asis 
typically observed in the decade fluctuations of LOD. Thus, ~ 
these decade fluctuations are probably. caused by rearrange- . 
ments in core motions. Having found a mechanism which can __ 
excite LOD changes, i it becomes natural to accept the hypothesis — 
that fluctuations in LOD in turn are re ponsible for changes in. 
atmospheric circulation falthougtett the i OF of an nee oe 
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mbeck and A.C.’ point out that LOD variations can be 
d as an indicator of future climatic trends. Lamb (ref. 1, p. 
10) i in his review of scientifically based climate forecasts notes 
- that variations are commonly associated with long term vari- 
ations of solar disturbance. He notes a considerable measure 
of agreement between the various forecasts, with a trend 
towards colder climates with weakened general atmospheric 
-circulation which is expected to continue into the twenty-first 
“century, in some cases with a sharp further cooling about 1980 
Received Y February: accepted 21 Aprii 1982. 
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i cooling i in the Hocene leading to markedly lower tem- 
ures in the Oligocene has been documented in oxygen 
ope tadis i in the North Pacific™?, New Zealand’, South 
Pacific’ and North Sea". These lower temperatures in the 
Oligocene correspond to palaeoclimatic interpretations of 
North American leaf floras®’ which suggest a profound cooling 
occurring towards the end of the Eocene, indicated also in the 
$C utheastern United States from studies on mid-Tertiary spores 
u ol Recently, Collinson et al? have shown 
jä laeobotanically that in southern England cooling occurred 
adually starting in the latest early Eocene leading to two 
mi jor periods of floristic change before the end of the Eocene. 
: Thick Tertiary sections in the subsurface Mackenzie Delta 
z region, Northwest Territories” provide well-preserved 
_ Palaeogene palynofioras’” discussed here which indicate a 
- cooler climate in the Oligocene following warm-temperate con- 
ditions in the Eocene. This widespread early—middle Oligocene 
cool episode is thus represented in both high-latitude and 
lower-latitude floras and seems to have been of global extent, 
_ persisting until towards the end of the Oligocene, but its precise 
dating remains a problem. In northern Canada it is followed 
by an amelioration of the climate in the late Oligocene which 
persisted probably until the middle Miocene. The rate of cooling 
during the Eocene and Oligocene may have varied depending 
on locality, but once established the cooler Oligocene climate 
. exerted a profound influence on biotic development. 
C The subsurface Mackenzie Delta region (lat. 69°N, long, 
134°W) includes a thick Tertiary molasse pile'™™?* deposited 
he Richards Island Basin, representing several regressive 
ional events formed by prograding deltas with marine 
tthe base. A relatively continuous Tertiary section 
ere from the Palaeocene through to the 
4215.16 but a major unconformity removes much 
ogene in the southern part of the basin. The Imperial 
-22 well in the northern part of the basin has a 
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DR ictuations" 3 and, with an even n longer’ tine: leak ae 
15-25 yras indicators of climatic changes, in particular change: 
in global surface’ temperature. The clearly established 1970 
secular acceleration, which has now been maintained for a 
decade, suggests a correlated positive acceleration in LOD in 
the immediate future and the beginning of a period of steady. 
increase in average global temperature around 1990 (+5 yr). 
K. Brian (personal communication) has recently pointed out a 
possible correlation between the frequency of- geomagnetic: 
reversals and deep ocean temperature over the past 55 Myr, _ 
thus suggesting another (very) long term relationship between 
climate and the Earth’s magnetic field. ae 
This work is IPG contribution no. 582. 
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relatively complete. Tertiary: section (Fig. D Ty to 

12, 650 ft in the middle Eocene part c of the Richards For 
tion’, a prodeltaic mudstone unit in excess of 5,000 ft thick 
which passes laterally southwards into the upper part of the 
Palaeocene-middle Eocene deltaic Reindeer Formation’. The 
Richards Formation is largely middle to late Eocene on the” 
basis of the Haplophragmoides foraminiferal assemblage” and 
the presence near the base’* of Pistillipollenites mcgregori 
Rouse and the a cysts beta soulioiaee ording i 
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Fig. 1 Tertiary stratigraphy of Imperial Nuktak C-22 well 
Palynostratigraphy, zonal names and age according to ref. 12, but — 
Eocene-Oligocene boundary may occur lower (see text for dis 


cussion). Lithostratigraphy after Young and McNeil’! - Number : 
give the depth in feet. 
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cooler—perhaps mountainous—regions of the northern Cordil- 
lera into warm temperate lowlands prevailing in the Mackenzie 
Delta region, a. possibility supported by the sedimentology'’. 
Mixing due to cavings in the cuttings samples may also introduce 
. non-indigenous species into the samples, indicated by the lack 
of Picea and Betula in core samples compared. with cuttings 
samples of the. Richards Formation. Thus the indigenous 
--palynoflora of the Richards Formation indicates temperate or 
_ © warm temperate climates in the middle and late Eocene, poss- 
ably persisting into the earliest Oligocene. A sharp decrease in 
_. diversity of palynofloras and extinction of several species occurs: 
within the prodeltaic mudstones of the early Oligocene part of 
the Richards Formation between 9,600 and 8,900 ft and is not 
associated. with a major facies change. The Ivik Member of the 
superadjacent Kugmallit Formation contains a less diverse 
palynofiora of notably different composition, particularly in the: 
pper | art c of the member, compared with the Richards Forma- 
n. Miospores attributed to extant taxa in the Ivik floras 
um, Picea, ‘Pinus, . L ycopodium, Osmunda, 
Carpinus and viata N it is 








f- the early-middle Oligocene”? 


erminate their northern ranges in the pollen rain” 
esurgence in the A 








‘may be related to an amelioration of climate as warm temperate 
conditions were re-established. 


| are not clear. An explanation in terms of a change in obliquity 
_of the ecliptic? is not considered dynamically acceptable”, nor 
‘js it in accord with other floral and faunal evidence of pronoun- 
of winter darkness at high latitude’. However, a cooler interval 
- oceanic water temperatures in both hemispheres”? 
“the marine biota?’™”*, and affecting high and low latitude terres- 


trial floras for at least 5 Myr. In Central Europe, however, pe 
coolest mid-Tertiary terrestrial floras are late Oligocene”, 


and Mathews?” 





sent, but the ae m nine taxa 


palynohiors | may be due to: long-distance pollen transport from 


lic. angiosperms which are com- 
ligocene Richards Formation 


ut reappear higher in the late 
nber of the Kugmallit Formation 
eOus pollen amongst others. The lower. 
ges occur in an interval of rhythmic alter- 
d sandstone in medium-scale coarsening-. 
of progradational deltas. No major facies. 
u interval. The lack of thermophylic angios- 
yerm taxa in part of the early and perhaps middle Oligocene 
ndicates a significant. cool interval, possibly cooler than the. 
‘limate of the present Great ‘Lakes region where these taxa 
. Their 
7 rnak Member is accompanied by an overall 
average doubling. of terrestrial species numbers. This cannot. 
e attributed entirely toa change | to alluvial or deltaic conditions 
‘rom the delta-front. conditions of the Ivik Member because 
her similar progradational cycles in the Richards Island: 
Basin'' are not characterized by such a change in palynofloral. 
diversity (unpublished data). The increased diversity, however, 


-= for early Oligocene cooling postulates | the development of tek- 


- The reasons for this early to middle Oligocene cool interval 


ced Palaeogene seasonality indicating significant annual periods | 


during the Oligocene appears to be of global extent, affecting 
affecting | 


contrast to the early and middle Oligocene cooling odone 

in many regions as outlined above. In central British Columbia, - 
iel“ reported humid warm temperate to sub-tropical climates ; 
for the putative early Oligocene Australian Creek Formation 
of. central British Columbia based on the presence of miospores | 
; Metasequoia, Picea, Pinus, Podocarpus, Acer, 
Betula, Carya, Castanea, Engelhardtia, Fagus, Fraxinus, Jug- 
lans, Liquidambar, Nyssa, Tilia and Ulmus/ Zelkova. Rouse. 


r however, have interpreted this i assemblage to. a i N. & Coffman, R. C. Can. Soe. petrol, ‘Geol, M 





upper. fangtz 


















_ Megacerops or. Bron i 
On the other hand, the presence here of De -K 
tus, Pesavis, Ctenosporites and Striadiporites oints to a correla- fe 





tion with the putatively middle and late Eocene Pesavis and ` 
Integricorpus zones in the Richards Island Basin’? (Fig. 1). 
Climatic gradient may have strongly affected the differential 
attenuation of species ranges at different latitudes in the late 
Palaeocene, thus allowing the extension of arctic Eocene paly- 
nomorph species into the early Oligocene at lower. latitudes. 
Until this matter is resolved, however, the possibility exists that- 
the Integricorpus zone may be entirely early: Oligocene: and, 
therefore, that the climatic cooling indicated by palynofioral 
data in the upper part of the Integricorpus zone and higher in 
the western Arctic may have occurred later. than the Eocene- 


Oligocene boundary. 


This dramatic temperature drop in the Oligocene leads toa _4 
paradox”*. Cooler global air and water temperatures would lead ~ 
to decreased evaporation rates on a global scale, but, neverthe- 
less, moisture continued to be transported to Antarctica where ~ 
ice continued to accumulate and reached sea level at the end — 
of the Oligocene. Ice accumulation in the. Arctic Ocean didnot 
commence until some time in the Pliocene’ when the Miocene 
temperate terrestrial floras were replaced. by boreal tundra > 
floras’? : and at t which t time. a major Sd aaa of molluscan extine 





in emperenie 


The palaeooceanographical: changes. at the pooni: . 


Oligocene boundary have been related™* to. ‘cooler air tem- 


peratures and floral changes on land. O'Keefe’ s hypothesis” 


tite ring system around the Earth which cast a shadow on the 
winter hemisphere. This would lead to a temperature drop of 
~20°C and remain stable for several million years. Syn- 
chronous global cooling could also result from a variation in = 
the solar output”. Progress in understanding. the mechanisms 
will depend in part on increased precision in dating Palacogene 
terrestrial deposits. The exact timing of terrestrial floral change ; 
from region to region must be determined and compared wi 
biotic and isotopic changes in the oceans. If the floral and fa 
changes are indeed synchronous globally, a pervasive and — 
almost instantaneous mechanism. must be sought. If the terres- 
trial floral changes accompanying cooling prove to be dia- 
chronous, a mechanism dependent on local or regional changes 

in geography, oceanic circulation, or tectonics: may be mpi N 
cated. P 
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i rbon isotope composition of carbonate rocks is one para- 
to study the carbon, sulphur and oxygen cycles 
1 vos time", The poen ae of these i interre- 







piven ‘singe, ‘The redwecd. carbon - pia piilota 
‘sequesters '*C owing to biological fractionation processes. Any 
change i in the removal ratio of oxidized/reduced carbon will be 
reflected by the change of the 5'°C value of the oceanic carbon- 
ate: system. Here we present a detailed study of the change 
in “C which took place at the base of the Upper Permian 
Zz echstein sequence. 

On the basis of measurements of carbon isotopes on rocks 
various ages, early models assumed that the mean 8'°C 
$ rbonate). values were constant“. In recent years, however, 
descriptions of secular variation of §°C values in carbonate 
‘rocks during the Mesozoic’® and Cenozoic”’® have become 
established. These secular variations are explained by large 
scale burial of organic material and are associated with ocean 
wide changes such as formation of anoxic conditions and sea- 
level fluctuation’ 

The same mechanism is used in modelling mass balance 
chemical and isotopic variation in the C-S—O system between 
geological periods’*. These mass balance models”? assume that 
high 6'°C values prevail for the whole of the Permian period? 
but, in fact, the detailed evidence indicates that only certain 
‘parts of the Permian are characterized by these high values” 
‘The ‘°C maximum in carbonate rocks discussed here starts at 

base of the Upper Permian Zechstein sequence and lasts 
the top of the third Zechstein cycle’* when fully marine 
ions terminated. Because such a change also means 
n the amount of oxygen tied to the carbon system 
xpected to be reflected in the oxygen cycle and 
ther elements to which oxygen is related (sulphur 














the carbonate rocks of ue Permian period ¢ exhibit 
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remain E high ane ‘the 
(zones CB. 


rocks. These high 6°C values are observe j f 
all the Permian rocks analysed and compared them v 
from other periods'*'*, The fact that some of the Permiar 
carbonate rocks from various parts of the world reach valt 
of up to +7% (relative to the normal fluctuation. range ~ d 
+3%)'*"'* indicates that extreme changes in the C-O-S ¢ 
took place. These changes had also been predicted. from 
anomalously low values of 6*“S in sulphates'*°. These t 
values (8'°C and 6**8) are negatively correlated if one use: 
mean values for periods. The model showing the relatio 
between the carbon and sulphur cycle based on isotopic data, 
assuming scales for mixing in the sedimentary cycle of the order’ 
of 120-240 Myr, is given by Schidlowski ef al.’. 

Our understanding of the processes which cause the shift in 
isotopic ratios will be greatly improved by detailed studies of © 
the transition zone in which the change in °C is recorded, 
Magaritz et al.'* noted the presence of the transition zone at. 
the base of the Zechstein sequence in the Marl Slate and its. 
German equivalent the Kupferschiefer. We now discuss the 
results of a detailed investigation of this isotopic transition zone 
within the Marl Slate of North-East England. 

The Marl Slate represents the earliest extensive marine trans- . 
gression into the Rotliegend inland drainage basin whose floor 
lay well below the contemporaneous sea level in Permian. 
times®’. The preservation of unconsolidated dunes beneath the. — 
Marl Slate indicates that the Zechstein transgression was rapid, 
forming an inland sea up to 250 m deep in places”, The Marl 
Slate is usually less than 1-m thick and mainly comprises 
organic-rich, dolomitic laminites and closely resembles much 
younger sapropelic sediments in which lack of bioturbation due. 
to the absence of benthic fauna is a characteristic feature. The 
present results come from a single core (VT8) drilled by th 
National Coal Board off the coast of North-East England e 
of Seaham Harbour (NZ 486 509). This core shows two cy 
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Fig. 2 2 Variation: in iron. content of the VT8 core. Note the 
7 similarity between the 6 0 curve and iron content. 


of sedimentation. which. include the sequence: sapropel >: 








~ at an age of 17,000 yr. Our observations are consistent with 
this suggesting an overall sedimentation of ~0.08 mm yr S, 
This value is close to the rate estimated (0.05-0.07 mm yr’) 
-for the equivalent unit (the Stinkschiefer) in the second Zech- 
stein cycle** but greater than the rate of sedimentation of anoxic 

_. sediments in the Lower Cretaceous North and South Atlantic 
ocean which is estimated” at 0.01 mm yr™'. Our overall esti- 
mate of the time represented by the VT8 core is 18,000 yr and 
the large change in “°C values took place within this time 
_ interval. The core section can be divided into five macro- 











period events are detected in the core in both the oxygen and 


than any shift reported i in the Cretaceous’. 






“dolomitic laminite > ‘finely crystalline dolostone (Fig. 1). The 
core was divided into 144 1-cm thick segments which were 
used for. isotopic: and chemical measurements. The carbonate 
‘isotopic data (Fig. 1) indicate (1) the lack of correlation between 
-êO and 8°C values; (2) a gradual enrichment in °C from 
the bottom (+2.3%) to the top (+5.1%); (3) a 8O pattern — 
-which exhibits spikes of very low values; (4) a very clear corre- 
spondence between the lithological variation and changes in 
§'°O, a feature which indicates that the isotopic changes are. 
Original and not the result of later Tecrystallization. The pres- | 
rvation of such detailed structure in the i isotopic record of the 
Marl Slate is consistent with its deposition in an anoxic non-` 
bioturbated environment. The Organic-rich laminae are inter- 
“preted as seasonal phytoplankton. blooms and thus enable. 
assessment of the time scale of the events recorded in the core.. 
Oelsner” counted the laminae in the Kupferschiefer and arrived 


‘the sulphur cycle had already taken place by the end of the 


Segments on the basis of the isotopic variation (Fig. 1), and the 
main carbon isotope shift occurs in the 22cm of segment B. 
This i is probably equivalent in time.to ~ 3,000 yr. Even shorter. 


carbon. isotopic record. The shift of more than 1% in 6°C_ 
values. which. occurs within 3em (~400 yr) at the bottom of- 


: ;; which are seen in several parts of the core 
occur within depositional periods of <5 cm, represent flooding © 
‘of the basin. by freshwater. The period of flooding is similar to 
that recorded im the Pleistocene sapropelic sediments of the- 









this to indicate that.in these conditions ther vasa an abundant 
supply of iron which enhanced iron suphide. ormation. 

The gradual change i in 6'°C values in zone B and the early x 
cycle of changes in zone A are considered to represent a change ` 
in the dissolved carbonate in the Zechstein Sea. From that point 
on the 6"°C values of the carbonates in the higher Zechstein 
cycles remain highly enriched in C (refs 13, 14,19). Such 
enrichment in “C is also seen in basins of Permian age other 
than the Zechstein in various parts of the world'®"*, 

We argue that this change in the isotopic composition of the 
dissolved carbonate in the Zechstein Sea must reflect a similar 
change on an ocean wide scale. This is because a continuous 
supply of dissolved salts is needed to account for the succeeding 
thick carbonate/evaporite sequence. There is no obvious 
alternative supply of dissolved materials in view of the fact that 
the other source of dissolved carbonate (freshwater a 
would result in low 6’*C values. This is evidenced by the less 
positive 5'°C values seen in the zones of 5'°O minima (Fig. 1). 

It is not clear whether all the water column of the Permian. 
ocean (all the oceanic bicarbonate reservoir) changed its carbon a 
isotopic composition (reflecting a large variation in the C-S-N - 
cycle) or whether the change occurred only in the top oceanic 
layer, because of the lack of a deep oceanic sequence for’. 
comparison. The size of the shift in 8’°C values in the Permian 
period is at least twice the size of any shift in the. Cretaceous. 
Simple mass isotope calculations show that a shift of Ihin 
5°°C will correspond to almost double the amount of organic 
material removed from the system at a specific time. Enrichment’ 
of 0.7% in 8°C was estimated for the mean dissolved carbonate 
in the ocean water in a period < 10,000 yr for the Pleistocene 
glacial/ interglacial transition”. The shift recorded in the Per- 
mian probably took place at a similar rate, but the effect was 
tripled (~2.3%). | = 

The 5°48. values of the Zechstein sulphates a are all depi sted 2 
in “S (ref. 28) which indicates that the ; accompanying effect in ` 



































first Zechstein cycle. The very widespread regression endi g 
the Permian Period and the Zechstein Sea was followed by th 
return to normal aPC values i in early Triassic carbonates”. oS 
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ot he seòid: bears little relation to present tectonic features of 
the Earth other than trenches and hotspots. The Mesozoic 
2 supercontinent of Pangea, however, apparently occupied a cen- 
~ tral position in the Atlantic—African geoid high. This and the 
| equatorial Pacific geoid high contain most of the world’s hot- 
spots’*. The plateaus and rises which are now in the western 
Pacific formed i in the Pacific geoid high and this may have been 
< the early Mesozoic-late Palaeozoic position of a large part of 
_ Asia and other fragments of the Pacific rim continents. The 
major global geoid highs were regions of extensive Cretaceous 
canism and may be the former sites of continental aggrega- 
tions and mantle insulation and, therefore, hotter-than-normal 
le. The pent-up heat causes rifts and hotspots and results 
plift, magmatism, fragmentation and dispersal of the con- 
he subsequent formation of plateaus, aseismic 
and seamount chains which cause a global rise in sea- 
vection in the upper mantle caused by such lateral 
mperature gradients is intrinsically episodic. A geoid anomaly 
0 m can be formed in about 100 Myr by continental insula- 
on. We show here that such geoid anomalies are long-lived 
ay be used to remove the ambiguity i in early’ Mesozoic-late 
zoic plate reconstructions. Geoid highs control the rota- 
he Earth and, in effect, bring long-lived continental 
; to the Equator. Many aspects of continental 
.as vertical-tectonics and episodicity of magmatism 
ssions can be explained by continental insulation. 
rth’s largest. positive geoid height anomalies are 
ted with subduction zones and hotspots and bear no 
nple relationship to other present-day tectonic regions such 
as continents and ridges. When the subduction-related geoid 
highs are removed from the observed field the residual geoid 
shows broad highs: over the. central Pacific and the eastern 
-Atlantic-African régions™?, Like the total. geoid, the residual 
-geoid does not reflect the present-day distribution of continents 
d oceans and shows little trace of the ocean ridge system. 
eoid highs, however, correlate with hotspots'” and with 
ms of anomalously shallow ocean floor and sites of exten- 
‘retaceous volcanism. 
ie Atlantic~African geoid high extends from Iceland 
_ through the North Atlantic and Africa to the Kerguelen plateau 
_and from the middle of the Atlantic to the Arabian penninsula 
and western Europe. Most of the Atlantic, Indian Ocean, 
African and European hotspots are inside this anomaly. Iceland, 
Trindade, Tristan, Kerguelen, Reunion, Afar, Eiffel and Jan 
‘Mayan form the 20-m boundary of the anomaly and seem to 
control its shape. The Azores, Canaries, New England sea- 
mounts, St Helena, Crozet and the African hotspots are interior 
to the anomaly. This, plus similar evidence in the Pacific, 
suggests that geoid highs may be associated with hotter-than- 
‘normal mantle. 
-Although the geoid high cuts across present-day ridges and 
continents there is a remarkable correspondence of the predrift 
_assemblage. of continents with the present location of both the 
öid anomaly and hotspots (Fig. 1). Reconstruction of the 
ozoic configuration of the continents” reveals, in addi- 
at most of the large shield areas of the world are 
the Atlantic-African geoid high. Most of the 
yrms are also in this area, the main exceptions 
South-East Asian platforms. 
e geoid high is also characterized by higher- 
ee, for sii aes in i Africa, the 
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of the, continental areas were above sea level from the Permo~ 









antie a ndian Ocean south-east of Afri ca 
olds true for the axial depth of oceanic ridges’. Most ; 





Carboniferous to the Triassic, at which time there was sub- 
sidence in eastern North and South America, central and 
southern Africa, Europe and Arabia“. The widespread uplift 
magmatism, breakup and initial dispersal of the Pangean land- 
mass apparently occurred while the continents were centrally 
located with respect to the present geoid anomaly. The sub- 
sequent motions of the Atlantic bordering plates were largely o 
directed away from the anomaly, This suggests that the residual 
geoid high, hotspots, the distribution of continents during the = 
late Palaeozoic and early Mesozoic and their uplift and sub- | __ 
sequent dispersal and subsidence are all related. The shields __ 
are regions of abnormally thick lithosphere. The thickest litho- 
sphere is in eastern and central North America, northeastern 
South America, northwestern and central Africa and northern 
Siberia’. These regions were all within the area of Fig. lat- 
200 Myr. “ah 
The area in Fig. 1 also experienced exceptional magmatism ~ 
during the Mesozoic. The great flood basalts of Siberia ando 
South Africa were formed during the Triassic and Jurassic, 
possibly at the sites of the Jan Mayen and Crozet hotspots’. 
The plateau basalt provinces of South-east Greenland and 
Brazil were formed during the Cretaceous and early Cenozoic, i 
possibly at the sites of the Iceland and Tristan hotspots’. The 
Walvis Ridge, the Rio Grande Rise and the plateaus in 
western Indian Ocean are mainly on Mesozoic and Palaeoce 
crust. A large part of the Pacific also experienced extensive on- 
and off-ridge volcanism in the Cretaceous*’. This extensive 
ridge and hotspot volcanism may have caused the rapid rise in 
sea level during the Jurassic and Cretaceous’. If sea level? can 
be used as a guide to the volume of the ocean basins then from 






































in the Pacific’ ™?*, The possiblity 6 of @eoutinent tal loca 
in the Pacific has been discusse fors some time” its lo 

has been an enigma and its size uncertain. The centr. 

geoid anomaly, like the Atlantic. African anomaly, i; 
the early Mesozoic or late. Palaeozoic location of a le i 
tinental landmass and, later, the site of extensive Cretac Bi 
ridge crest and midplate volcanism. 
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Fig. 1 The Jurassic configuration of the continents, based on. 

, Morgan’ s hotspot-based reconstruction” ; superposed | on the 
Atlantic~African residual. geoid high’ . Note that most oft 
stable shield areas are inside the 20-m contour: Selected hots 

| (@) are also shown. 




















©1982 Macmi 









a a parer Pacific 


aoo Pieta with ondaa" 
ocation: is likely. Part or all of Alaska and northwestern North 
America were also far south of their present positions, relative 


‘to North America, in the Permian’*. The same may be true of 
g California, Mexico, Central America and other accreted terrain 
in the Pacific rim continents: 

The central Pacific residual geoid high (>20 m) extends from 
Australia to the East Pacific Rise and from Hawaii to New 


Zealand. It encompasses most of the Pacific hotspots and is 


approximately antipodal to the Atlantic-African anomaly. 
The western Pacific contains numerous plateaus, ridges, rises 
and seamounts which have been carried far to the north-west 
from their point of origin. The Ontong-Java plateau for 
example, presently on the Equator, was formed at 33-40°S in 
the mid-Cretaceous'*. The Hess rise, Line Islands ridge and 


Necker ridge were formed in the Cretaceous on the Pacific, 


Farallon and Phoenix ridge-crests® which were, at the time, in 
~ the eastern Pacific in the vicinity of the polynesian seamount 
province, This ridge-crest volcanism was accompanied by exten- 
sive deep-water volcanism*” and, possibly, rapid seafloor 
spreading’’. The Caribbean and Bering Seas may have formed 
at the same location and carried northward on the Farallon and 
ula plates. It is significant that the Caribbean and the 
malous regions in the Pacific have similar geophysical and 
geochemical characteristics’®. 
- The Pacific geoid high also has anomalously shallow bathy- 
-metry*’. This shallow bathymetry, the ‘Darwin Rise’, extends 
“from the East Pacific Rise to the north-west Pacific in the 
. direction of plate motion, and includes the central and south- 
-west Pacific hotspots. The extensive volcanism in the central 
-western Pacific between ~70 and 120 Myr (refs 8,9, 16) oc- 
` curred about 60°~-100° to the south-east of its present position, 
- in the hotspot frame. This would place the event in the vicinity 
_ of the southeastern Pacific hotspots and the eastern part of the 
- geoid anomaly. This suggests that the anomaly dates back to 
-at least early Cretaceous. A similar thermal event in the Carib- 
_ bean’” may mean that it was also in this region in the Cretaceous, 
? particularly since the basalts in the Caribbean are similar to 
those in the western Pacific’®. 








stones in Japan’ 


-Piate reconstructions based on palaeomagnetism or palaeo- 


: sinatolegy have arbitrary longitudinal relationships between 
the plates. Figure 2 gives a possible late Palaeozoic reconstruc- 
“tion which places Africa, South America, Antarctica and 


Europe in the Atlantic~African geoid high and Asia in the 
Central Pacific geoid high. This is similar to previous reconstruc- 


_tions®!® in that North America is adjacent to western South 


- America but Asia is placed much closer to North America. The 
<. biogeographic similarities between Asia and western North 
= America are well known’ and the placement of North America 
provides the continuity between the major land masses which 


is suggested. by some palaeontological data. With this recon- 
struction Gondwanaland and Asia were the continental aggre- 
-gations that caused the geoid anomalies and they brought 


~ themselves to the Equator, by the Goldreich~Toomre mechan- 
ism”, before their breakup and dispersal. Parts of Alaska, 
‘western North America and West Antarctica may also have 
‘migrated away. from the Pacific geoid high. 


` We propose that episodicity in continental drift, polar wan- 
ariations and magmatism are due to the effect 

of thick conti nental lithosphere on convection in the mantle 
and that supercontinents ‘insulated’ large parts of the mantle 
- for more than 10° yr. The excess heat caused. uplift by thermal. 
i expansion and: | partial: melting and, eventually, breakup and 





der, sea-level var 





< Going back even further are the Triassic basalts in Wrangel- 
lia'’ of northwestern North America and the Permian green- 
3 both of which formed in equational latitudes 

nd subsequently drifted to the north and north-west respec- 
tively. We suggest that they also formed in the Pacific geoid high. 


and anaes as they. drift o over coole "mā ile ie 

The association of the Atlantic-Africa geoid high with the » 
former position of the continents and the plateau basalt provin- . a 
ces with currently active hotspots suggests that Mesozoic con- 
vection patterns inthe mantle still exist, as proposed a 
Menard.. The mid-Atlantic and Atlantic-Indian ridges and. 
the Atlantic, African and Indian ocean hotspots and the East 
African rift are regions where heat and material is. being 
efficiently. removed from. the uppermantle in the Atlantic- 
African geoid high, The East Pacific rise and the Pacific hotspots — 
are serving the same role in the Pacific geoid high. If geoid 
anomalies-and hotspots are due to a long period of continental 
insulation and if these regions had higher-than-normal heat 
flow and magmatism for the past 100 Myr, then we might expect 
that these features will wane with time. 

Global isostatic geoid anomalies can be written*”** a 


yale (+2) 
g (2+) 


where G is the gravitational constant, g is the acceleration of | 
gravity, / is degree of spherical harmonic, p is density, A is the 
depth of the anomalous region and dh is the elevation pied i 
associated with the mass anomaly. For a coefficient of thermal 
expansion of 3x10°°°C'" a temperature excess of 70°C in 
the upper 500 km of the mantle gives 6h = 1km and N=50 . 
for / = 3. A similar effect can be achieved by 1% melting: , ome, - 
combination of heating and melting is likely. ee ee 
The average heat loss through oceanic areas” is 
2.4 peal cm”? s"! (ref. 24). Continental heat flux is about 0.6 -~ 
of this in spite of the higher radioactivity of continental crust. : 
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` If we assume that the oceanic heat flux is available everywhere. 


and that there is a balance between heat production and. heat 
loss under oceans the temperature rise under an extended | 
stationary continent is 0.60 °C Myr” “ifor a 500-km thick column 
or, alternatively, 6% melting, using a latent heat of 100 calg™*. 
Thus, 100 Myr of continental insulation can give the observe: 
geoid and elevation anomalies. The continental aggregation 
were relatively stable for at least this long“ 18 True polar wande: of 
is likely while the geoid anomalies are developing. 
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Fig.2 Possible late Palaeozoic continental configurations relative 
to the current residual geoid highs and the Palaeoequator. This 
is similar to previous reconstructions” ® except that the Pacific 
geoid high is uséd to. position eastern Asia; Australia and India 
are not shown. The dashed lines enclose regions of high elevation 
(>20 m) of the residual geoid? If the geoid highs were generated 
under Gondwana and Asia they formed in high latitudes and were 
subsequently brought to the Equator by their affect on the rotation 
axis of the Earth. The. geoid highs are. currently centred on the 
Equator. Parts of western North America may also have been in 
the Pacific geoid high. This: and. th n migration of North 
America, relative to. South America, during the Palaeozoic are .. 

indicated schematically. by plotting North. ‘America in two posi- 


tions, Asia i is probably ı also fragme nted at at this time’?. 
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‘ , is the critical Rayleigh number. For R= = 10°, R= = 10°, 
me 0? cm’ s™', @=10°Kand h =500km 


§=-0. 12°C Myr? 


This gives a dace in elevation of 180m i in 100 Myr. The 
ee ‘corresponding geoid height reduction is ~9 m, Thus, geoid 
anomalies caused by continental insulation are long-lived 
features. 
-Horizontal temperature gradients: can drive continental 
: drift“ **. The velocities decrease as the distance increases away 
) xe heat source and as the thermal anomaly decays. The 
also decays. Thick continental lithosphere then insu- 
v part of the mantle and the cycle repeats. Periods 
motion and. continental drift follow periods of 
mantle insulation. — 
ion of the continents” or the pole”, 
mian and. the relative stability of sea 
sriod suggest that the geoid anomalies were 
oping: at this, time. Continental drift velocities” and sea 
_ level'® changed rapidly during the Triassic and Jurassic. This 
ie we interpret as the start of extensive rift and hotspot magmatism 
_ and the decay of the thermal and geoid anomalies. 
_ The rotation axis was apparently stable from ~200 to 80 Myr 
: i but has shifted with respect to the hotspot reference 
at least the past 65 Myr (ref. 31). In the framework 
: shift would represent a growth of the 
of the Atlantic—African high due to continued 
rica, a decay of the South Pacific or North 
ns of the highs. due to extensive Cretaceous 
configuration. of the world's subduction zones 




































i ifficult to separate true polar wander and the apparent 
nder due to continental drift. In the present model they are 
intimately related. If ridge volcanism is precluded for an exten- 
„sive period of time, as seems to have been the. case in the mantle 
„under Pangea during the early Mesozoic and late Palaeozoic, 
1€ mantle will warm up and/or partially melt. In either case 
eoid anomaly will develop. This anomaly will affect convec- 
and plate motions in a manner previously suggested**” 
i also affect the rotation axis of the Earth”. As the 
mal anomalies seem to be long-lived and it takes a long 
o establish a new thermal regime, major shifts of the 
ation. axis due to this mechanism will be infrequent and 
dual 
me Goldreich and Toomre™ have shown that density 
7 inhomogeneities caused by convection in the mantle will control 
the orientation of the spin axis and that large shifts of the pole, 
‘that is, true polar wander, are to be expected in a dynamic 
Earth. The present orientation of the pole apparently bears no 
relationship to the present distribution of continents, ridges or 
trenches’. On the other hand, the geoid bears a close relation- 
ship to the present distribution of hotspots and to the former 
_ distribution of continents and areas of extensive Cretaceous 
ridge and plateau volcanism. 
o How conjecture about the relationship between geoid highs 
ormer position of continents is correct, then we would 
hat there were two large antipodal continental aggre- 
ermian, The antipodal supercontinents were 
yy a: previous episode of continental drift 
material away from an earlier configur- 
geoid highs. Using sea level as a guide, 
ndicating rifting and extensive sea floor 
continents were = stable from 300 to 150 Myr 






























e ewly- 9 
he rate of temperature decrease, | 


$ the aa diffusivity, Ris the. Rayleigh’ number lating discussions. Art Boucot gave useful advice on biogeogr 


29. Gordon, R. G., McWilliams, M. O. & Cox, A. J. geaphys. Res: 84, 5480- 5486 (1979). 





polar Wander? are not new. "What is is new is the suggestio 
continents cause geoid anomalies and hotspots and, indirect 
control the rotation axis of the Earth. : 
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Development. of earth quake-induced © 
fissures in the Main ithiopian Rift 
Laike M. Asfaw 
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A series of episodes involving land subsidence along ano 
elongated formation of. pits connected by fissures have been 
observed in various parts. of the Main Ethiopian Rit?“ over 
the past 25 yr. Although other workers’ have proposed a a 
possible relationship between tectonics, subsurface drainage — 
and subsidence no field observations have related earthquakes _ 
to such development of fissures. I present here the first observa- 
tion of the development of fissures following an earthquake 
swarm with local magnitude, M; S4 in the Main Ethiopian Rift: 
north of the Fentale Mountain (Fig. 1) between January and 
March 1981 (ref. 5). This showed that there could be a variety ; 
of developments in the evolution of earthquake-induced fissures- 
depending on geological formation, vegetation cover and drain 
age; the implication on similar earlier. observations is con- 
sidered. | 

That the Afar Depression and the Main: Ethiopian Rift 
regions under tension is well established through d 
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tes of: subsidence pits paced with fissures i in the Main 
ao Rift including the event of January-March 1981 north 
of the Fentale Mountain. 


measurements and other surface observations®’. The surface 
servations consist of tensional fissures and. faults along the 
e major rift trends of the Red Sea, Gulf of Aden and the 





Jai 
ult Belt is characterized by fissures and faults? and sometimes. 


n this rift. Here the sediment deposit, rainfall and vegetation 
ke the e development of fissures more complicated and varied 








tectonics, 
however, neither a direct relation to earthquakes nor the actual 
«development of the fissures was observed. All reports of sub- 
-sidences associated with these type of formations were made 


_ the problem of their origin was not solved. 


vB 





basalt flows showed very little changes. 


especially laterally—widening the original fissure into pits. Of 


1 Ethiopian Rift®°. In the Main Ethiopian Rift the Wonji 


issures can be identified by elongated green belts of vegetation 


dee in in he more arid 1 rifts in the eee 


obs vedi eonsist: tof subsidence pits oo 
ed: j oriented either obliquely or parallel to 
rift trend; generally indicating a relation to the tectonics of 
he region. Gouin and Mohr’ tried to relate earthquakes which 
occurred a few months earlier in 1966 with such subsidence in 
the rift floor; they suggested a possible relationship between 
underground drainage and surface subsidence, 


: after the incidences, usually following heavy rains, and therefore 


... The occurrence of fissures during.an earthquake swarm in 
the Main Ethiopian Rift north of the volcanic centre of Fentale 
between January and March 1981 and the subsequent erosion 
-provided the first opportunity to follow the development and 
identify the main features in such a process. In the epicentral 
area fissures, 2 cm wide, run on sediments and basalt flows for 
few kilometres and had a NNE-SSW orientation following 
the rift trend. After an interval of 6 months, which included a 
iny season, the fissures that.occurred on sediments on the. 
ite were found to have changed considerably while fissures on 


` Fissures in the sedimentary layer became surface a suibgur-! | 
-face drainage channels and the features that developed during. 

a subsequent erosion were determined by the characteristics of — 
sites such as the vegetation cover and the | exact nature of 


; states. of ‘erosion 5 following. he 


January. and March: can be classified into three main categories 
as indicated in Fig. 2, 

The features in the third type of development, Fig. 2c, bear 
astrong resemblance to many other observations of subsidences 
in the Main Ethiopian Rift. The depths of such formations were 
much larger than their widths and at times full-grown trees had 
been swallowed in the pits. The great depths attained compared 
with their widths can be explained by erosion due to subsurface 
drainage which would mainly be conditioned by the water table 4 
there. In such situations both the bottom and lower walls of ~~ 
the fissures would be eroded in an unrelated manner to the 


| overlying walls and cover thereby deepening and widening the 


lower part disproportionately.. Usually the pits: occur where a 
there is deep-rooted vegetation. Here the roots would fracture — 
the sediment, facilitating the proces: of erosion underneath— ` 









course, vegetation would minimize surface erosion and not = 
necessarily subsurface erosion. The sporadic. occurrence of pits- ` 
is partly due to the sporadic nature of the distribution T E 
deep-rooted vegetation and partly due to geological factors. 


idem 
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Fig.3 a, Segment of a crack, 2-cm wide, which occurred during the earthquake swarm of January-March 1981 north of Fentale Mountain. 

This crack was sealed off 6 months later in June 1981. b, Subsequent development of pits, about 1 m wide and 50 cm deep, 6 months later, 

500 m to the north of Fig. 3a. c, A small gully type development, 15 cm wide and 10 cm deep, 300 m to the south of Fig. 3a. d, Gully type 
erosion of a fissure, 2 m wide and 1.5 m deep, to the west of Fentale Mountain. 


The orientation of pits and fissures relative to the rift trend 
is indicative of their tectonic origin where tension in the region 
would be associated with fissures oriented generally in the 
direction of the rift. 

The third type of development of fissures, Fig. 3b, following 
the earthquake swarm of 1981, took only 6 months but the 
main features that characterize subsidence fissures elsewhere 
had developed. For example, the Mojjo and Wolenchiti fissures 
and subsidence pits'* could have been considerably older and 
their rates of development different due to variation in precipi- 
tation, subsurface drainage and geological formation. Allowing 
for age differences the third type of development fully accounts 
for all the features observed in various parts of the Main 
Ethiopian Rift. Among other things, the earthquake incidence 
between January and March 1981 showed that it is possible 
for earthquake swarms with local magnitude, M, <4 to be 
associated with fissures. This association is plausible in view of 
the thin crust there where seismic moments and therefore 
magnitudes of earthquakes would be small. 

On the other hand the segment of the crack shown in Fig. 
3a was sealed off 6 months later and no trace could be found. 
while 300 m to the south (Fig. 3c) a small gully type develop- 
ment was initiated. These developments correspond to the 
schemes shown in figs 2a and b respectively. 
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Piton de la Fournaise in the island of La Réunion, Indian 
Ocean, is a young (0.35-Myr old) basaltic shield volcano built 
on the flank of the extinct Piton des Neiges volcano. It is one 
of the most active volcanoes in the world (magma output rate 
of 0.32 m° s™*)™? and has been under continuous surveillance 
by the Volcanological Observatory of the Institut de Physique 
du Globe de Paris since August 1980. The first detailed observa- 
tions on the volcano reveal a remarkably low level of back- 
ground seismicity. The 3 February 1981 eruption was preceded 
by a deep event of volcanic origin at depths of 10-15 km on 2 
January; 20 days of quiescence followed this event, until the 
onset of shallow seismicity close to the eruptive centres on 22 
January. The eruption began after 13 days of sustained shallow 
seismicity and occurred in three phases over 92 days and pro- 
duced about 10 x 10° m° of lava. 

A preliminary report of the activity preceding the eruption 
is given in ref. 3. The seismic network consists of four vertical 
seismometers and one three-component seismometer (PHR) 
located around the caldera (Fig. 1a). The instruments have a 
linear response at frequencies of 1-30 Hz with a gain of 10°. 
Signals are transmitted by radio to the observatory where they 
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located outside the network, the errors are larger but <3 km 


< hypocentre depths are probably ; as high as 5 km. A qualitative 
~ check on the locations is provided by the distribution of ampli- 
tudes. 

The Piton de la Fournaise volcano .is characterized by 


at 1-2 yr intervals. Yet the seismicity of the island is remarkably 
evealed no accounts of earthquakes of sufficient magnitude to 
ano. During the 5 months which preceded the eruption, 


1 events per month were detected by the network (Fig. 2). 
ve pa of. ees >L tae occur. and the prr 2 
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Depth below sea level 
km | 


: i Eruptive phase bs 


ypically 5 Ea and and Tims Dees a the network. interno: o oe 


‘are considered accurate to 1 km. For those events which were ae : a 
‘shallow, errors in depth estimates are ~2 km. For epicentres _ 10°F. 


for the events reported here. The corresponding errors. on 


- frequent volcanic activity with eruptions following: each other : 
‘low. Researches on local archives dating from 1800 have 


ye felt by the inhabitants outside the. immediate vicinity of the - 


| : and P-wave. r polities pate Gon station o a 


la). It was probably ı caused by the movement of a light phase 


. been observed before and none has occurred since. 


F located around the small Bory crater, close to station BO 


-volcano and the first. measurements were: carried out on 12. 


: a occurred a few hours before the eruptions start ton 3 cara 1981. -E 
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Fig. 2 Seismicity ‘of the Piton de la Fournaise volcano. Note the 
change’ of ate on 21 January 1981. 
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deep event with sm. |-amplitude. variations across the network, ae 
located 10-15 km below the northern part of the caldera (Fig... 


(magma or. gas) and not by fracturing. No similar event had 





janes. ‘Seismicity. retained a at a “nigh leve nd deamiaticall 
increased just before the eruption. (Fig. 2). This act 











(Fig. la), at depths smaller than 3km (Fig. 16), with the 
exception of a deeper event which occurred a few hours before- i 
‘the eruption. Pa 

A geodetic network of eight stations was set up sround the 





December 1980. The“ precision in the distance estimates is 
~3 cem. Following the onset of seismic activity on '22-January, 
measurements were conducted on 24 January and 30 January. 
Only the latter showed a small difference with those of 12 
December 1980, barely above the.threshold of ‘error, which 
were interpreted as inflation of the Bory zone’. Subsequent — 
measurements made after the eruption start on 12 February — 
1981 revealed a displacement of 18+2 cm perpendicular to the | 
system of fissures which had. opened’. No further, variations = 
could be detected during February. i 
Unfortunately no measurements could be made: before 12 
December 1980. De would have allowed us to see whether 
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ation detected on 30 January had been going on for a 
me, before the deep volcanic event of 2 January. If 
tion did occur, however, it was not associated with 
gnificant seismic activity, which would be contrary to what 
usually observed at Kilauea’, 
-. The difference in the seismicity of the two volcanoes may be 
-related to the more complex structure of Kilauea which has 
veral centres of activity. The internal structure of Piton de 
Fournaise is not well documented. A detailed study using 
ic data’ suggests the existence of a small kilometre-sized 

amber ~1km beneath the summit area, Shallow 
accompanied by inflation is presumably related to 
on of the central dyke complex located immediately 
> summit’. 
ptive activity occurred in three phases saan) 1 month 
g (Table 1). Each phase conformed to the same pattern: 
volcanic tremors for 3-4 hat the start, and virtually no seismicity 
during the rest of the phase when the greatest volume of lava 
is. erupted. This indicates: that tremor activity is due to the 
‘initiation of flow. | 

Tholeiitic lavas came out of fissures which opened along well 
“known NE-SW and NW-SE axes of weakness. They were 
¿essentially aphyric®, contrary to the previous eruptions of April 
1977 and July 1979. The three eruptive phases were similar, 
nd. characterized by intense degassing with lava fountains 
hing heights of 70-100 m. After a couple of days, the 
ity became limited to a few fissures where spatter cones 
grew. One or two days later, only one fissure was productive 
_and a volcanic cone was built there. The velocity of lava flow 
was estimated | visually; to be close to 4 ms”! at the vent, 



















3 of the lava fides produced by the three eruptive 
ee phases. 
























Lavas produced during this eruption cover large areas (Tabl : 
1, Fig. 4) and the total volume is ~10x 10° m, -using a me: 
flow thickness of 5m. Lava flows were essentially. of the 
gratons and echaudé types which are typical of the island, \ 
some pahoehoe late in each eruptive phase. — 

Several phreatomagmatic explosions were observed during 
the first phase, and many during the third, in relation with 
heavy rainfall. 

This is IPGP contribution no. 589. 
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Prehistoric soil peer vegetation 
development on | f 
Bodmin Moor, southwestern England 
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Archaeological excavation of barrows in the St Neot Valley on 
the southern flanks of Bodmin Moor revealed buried soils 
developed in the gravelly granitic head typical of the upland 
block. By comparing these soil profiles with adjacent soils we 
have obtained evidence for and now describe dramatic prehis- 
toric changes in upland soils and vegetation attributed pre- 
viously to various combinations of human influences and cli- 
matic events. Direct pedological and palaeoecological evidence 
supports the theory that brown soils existed in pre-Bronze Age 
times in southwestern England at a site subsequently developing 
an iron pan (Bf) and accumulating a strongly acid peaty surface, . 
The barrows CRII and CRIV revealed by the excavation — 
have yielded statistically inseparable radiocarbon dates of- 
1550-1650 and 1560-1630 b.c. (ref. 1) respectively and occupy 
opposing valley shoulder positions <500 m apart (Fig. 1). Th 
CRIV complex stands in acid grass-heath moorland charactéri 
tic of the uplands of south-west England and in which Mi 
caerulea and Calluna vulgaris are locally prom eI 
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‘Fig. 1 Location of Bronze Age barrows in the St Neot Valley, 
Bodmin Moor. 
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Buried soil 


resent day soil is a distinctive iron pan stagnopodzol compris- 
ing 15-20 cm peaty surface, a variable but stony Ah, grey 
mottled or pallid E(g) above a thin but wavy and indurated. 

n pan (Bf) bounding ochreous then brown B, horizons which 
erge at 50-60.cm into paler B/C material. CRIT occupies a 
ype enclosed and converted to improved pasture at least since 
j seventeenth century. Associated soils have a well-mineral- 
ized organic surface, commonly lack an E horizon (which has. 
been lost probably by cultivation), but still possess an iron pan. 
(pocasionally discontinuous) and strongly developed B, horizon.. 
tis a cultivated variant of me iron ae pga eerie 


~The profiles beneath two barrow structures of the CRIV 
“complex (CRIVA and CRIVC) are identical to the present day. 
soil except that the original surface peat is attenuated at the 


, Bown 
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eaea com 
horizons above B/C and (x) | 
profile developed within. and at the nae. “of. the barrow, 
under CRIV and associated with the prese di j surface, there y 
is no organic surface,. bleached E, or E, horizon or morphologi- ae 
cal evidence for an iron pan. It seems ‘possible that an original a 
turf layer was removed in the course of barrow construction 
but otherwise the profile is intact. Horizon notation for the 
buried profile follows Avery* but non-pedogenic nomenclature 

is preferred for our discussion in view of the potential difficulties 

in interpretation of buried horizons. 

Relatively high values for sodium dithionite extractable iron 
(Fens) which are remarkably consistent with depth suggests a 
strong affinity’, if not genetic link, between the buried soil and 
a brown earth type progenitor (Fig. 2b). Such crystalline ‘aged’ 

Fe only remains in the absence of active biochemical agencies 

of remineralization usually associated with acid organic sur- 
faces’ and/or leaf leachates*’. Thus alternatively the pattern 4 
of Fee may be an artefact of burial and protection from fresh E 
sources of complexing or chelating radicals. However, alkaline 
potassium pyrophosphate extracts (Feso:, Feson Al) show par- _ 
ticular enrichment of ‘active’ amorphous Fe in horizon I and 
confirms general podzolization of the profile. Tron which can 
be precipitated by NH; (Feno is the dominant fraction in all | 
but the lowest levels sampled. ‘That fraction of the extract 
remaining soluble (Fe,,,) is described by Bascomb as the most = 
active form of Fe linked i in ‘fresh’ grganie ae pren Amounts ig = 












Feat to total Fe aan ee with ep ina pattern oe 
confirming active enrichment of I] and a change to mainly ‘aged’ 
iron in underlying B/ C material. | 
A marked peak in active Fe is associated with organic rich B 
infill of a distinct system of channels. The channels are unusual — 
for several reasons: they contain black peaty fill including 
bleached quartz grains similar to. the modern 1 noe n 
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large granite block. Note iron pan 

soil well developed in barrow 
structure but Bf horizon not 
extending into buried profile. 4, 
Distribution of pyrophosphate 
extractable Fe, Al and dithionite 
extractable Fe and ‘easily oxidiz- 

able’ organic carbon (rapid dichro- 

mate digestion) in buried profilen => 
c, Colour (Munsell notation), texs c47 
tural characteristics (wet: sieving 

and sedigraph analysis), and pH 
(‘sticky. point’ method: ón fresh 
material) of buried horizons. 

d, Thin sections across. channel 
features. A, probable earthworm 
Buried sexi c cast material (highly organic); 

B, roof epidermis enclosing small 
animal droppings; C, void with fine 
T orga Hice etrital ‘material. 
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Fig. 3. Pollen diagram from 28 
buried soil buried at CRIL Alltaxa 30- 
‘are. expressed as a percentage of a 
the total land pollen sum. Percen- 
_ tages for the organic pocket are 
oe ‘at the relevent strati- 
= -graphic position. 
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Pollen taxa 


Boa by Gramineae and Plantago with 
s, Alnus, Betula’ and Corylus/Myrica 
; for Poly TLI P: Variable . ul eh 





feet i Do ated byi —— areal for Gramineae, and 
a ‘Calluna. Plantago, Pteridium; Polypodium and 
all A. P. are reduced: At the lowest sample there 
< is apeak for Corylus/Myrica,  — 
-Similar assemblage to surrounding horizon with 
dominance of Gramineae, Plantago and Calluna 
with Conner Myrica, Alnus and pieres, 





| barrow surface; they exhibit remarkably little variation in inter- 
nal diameter (mean=9.84 mm, s= +1.12 mm, v =12%, n= 
295) except for occasional. enlarged pockets;. where channels 
split or bifurcate they often do so in an upward direction: the 
internal walls are commonly smoothed; they lack smaller lateral 
-systems and macro-remains of recognizable plant debris such 
as. bracken rhizomes. Thin sections reveal the presence of 
- possible earthworm casts within and lining the channels together 
th evidence in pores of substantial small animal activity (Fig. 
ropose that these channels are ‘fossilized’ burrows 
worms with which they compare in per- 
d depthë..Z bsence of a highly acidic peat or 
| iyimplied by their establishment. 
sted ntil soil conditions degraded to a 
sd accumulation of an acid peaty surface as 
aracter of the fill in the abandoned burrows. 
ity. could be responsible | for the much finer 
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nt 3). Changes i in ‘the gross : character of pollen assemblag 
between the three horizons are summarized in Table 1. Poll 
evidence suggests that the immediate pre-barrow soil developed 
in a relatively open grassland environment. Increasing Calluna. 
down the profile, however, indicates that heather was an impor- 
tant component of the local vegetation. before: grassland 
development. It may: have comprised the under-storey or gaps. 
in scrubby woodland dominated by hazel or oak already sub- 
stantially modified by Neolithic human activity. Indiscriminate 
burning and/or excessive grazing, together with more cultiva- 
tion could have led to its demise as pressure for land increased. 
into the Bronze Age. É 
It has been argued that the Hexworthy Series on Dartmoor. 
has developed from an earlier brown earth type under oak” 
forest’’. Enhanced acidification and leaching have been associ- 
ated with Neolithic clearance on. land generally above’ 300m 
but because of the temporary nature of such clearings and the 
inferred frequent regeneration of woodland it is by no mea: 
universally agreed that there was any long lasting effect on soi 
development. Pre-Bronze. Age podzolization and iron 
developmentat ~250-300 m elevation is inferred for Dartm 




























: , wide variety of Buried. ‘soils ‘ranging 
from ‘unleached’ profiles. to thin iron pan podzols were 
described in association with Bronze Age barrows elsewhere 
in upland Britain and differences explained in terms of very 
-= rapid soil changes occurring within this period of prehistoric 
activity“. High rates of differential pedogenesis cannot be dis- 
missed entirely on Bodmin Moor. However, soil changes are 
-not necessarily time-synchronous even over short distances and 
~ -the effects of slope aspect, subtle differences in elevation, 
gradient and hydrology together with any differential influences 
= of prehistoric land management should not be ignored as causes 
of significant time delays in the processes of conversion of 
= brown soils to iron pan stagnopodzols. 
Frances Griffith has coordinated the archaeological pro- 
< gramme of which this study has been part. We thank Nigel 
_. Fenn and Anne Alderton, financed through the MSC Job 
Creation Programme, for research assistance and Dr Peter 
A “Bullock for preparing thin sections and for his helpful interpre- 
_ tation. South West Water are thanked for site access. Figures 
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O, pollution reduces - 
he freezing | resistance of ryegrass 
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Several authors “ have observed that the effects of SO, on 
growth are more severe in winter and Davies* has shown that 


ticularly in newly sown leys. 
_. Three experiments were performed.to determine the effects 
of SO, on freezing resistance. In the first, six 1-week-old seed- 


32 Wm" 
mono using a Meloy SA 285 sulphur analyser. 
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"this may be due to low irradiance and the short photoperiod — 
_ reducing the plants’ capacity to detoxify the pollutant. However, 
- in winter plants are also subjected to potentially lethal stresses — 
Such as freezing. The important forage grass, Lolium perenne, 
shows only poor resistance to winter temperatures, hence, any _ 
effect of pollution on hardiness. could be of considerable 
_ significance. Here we demonstrate that SO, reduces resistance | 

to sub-zero temperatures and that this effect is infiuenced by | 
mineral nutrition. A reduction in freezing tolerance may con- | 
tribute to rapid selection of SQ;-resistant. genotypes, par- 


lings of L. perenne cv. $23 were planted in each of 90 7-cm | 
plastic pots containing standard garden potting compost and _ 
these were fumigated for 3 weeks in wind tunnels. During this 
phase of „the experiment the day length was 18h, irradiance _ 
and temperature 15°C. Controls received <15 pg 
SO, per m°-and. treated plants 250 wg. per m’. SO, a 
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Fig. 1 Survival of L. perenne exposed to. sub-zero: temperature 
and SO. 4, Percentage survival of control (open bars, ly 
SO, m?) and fumigated (cross-hatched. bars, 250 pg SO, m ~>}: 













plants. LT s of controls = ~9.7 + 0.4 °C, that of fumigated plants= me 
A 820. 3°C, b, Survival of fumigated plants expressed asi a per- 


centage of controls. 


After this initial period, fumigation conditons: were kept the 


same except that the temperature was reduced to 2°C and the ` 


daylength to 10h to ‘harden’ the plants. After 2 weeks of such 
treatment, all the plants were removed from the wind tunnels 
and placed in randomized blocks in a modified deep freeze 


(daylength, 10h and irradiance, 55 Wm" >; They were not 
fumigated during this phase. Using a cam-operated temperature. 


control, the plants were held at 0°C during the first day, S 


followed by exposure during the night to a fallin temperature 
to a minimum of ~4°C. This minimum was kept cee 
constant for 4h then the temperature was allowed to rise at 
2°Ch™! back to the daytime temperature of 0°C. On sub- 


of 2°Ch™ 


sequent nights the same regime was followed except that the 
minimum was lowered to give —4, =6, ~8; ~10 and +12 °C on 
successive nights. Nine replicate fumigated and control pots 
were removed at random each day. and kept without fumigation 
at 2 °C in the wind tunnels until all the plants had been removed 


_ from the freezer. Then the plants were returned to the same 


environmental conditions as those during the 3-week pre-hard- 
ening period. After 5 weeks of | recovery, the plants were scored 


B 


for survival (post-freezing production of new: root, leaf or tiller) 






The results ¢ are fenia in Fig 
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andy wt t (g) of shoots of L. perenne cv. $23. Means identified 
different symbols are significantly different (P<0.02) from each 
ther, ‘Standard errors are shown in parentheses. 


2 peratiires at which 50% of the plants were killed) were respec- 
tively —8.8+0.3 and —9.7+0.4 °C. Figure 1b shows that when 
survival of fumigated plants was plotted as a percentage of 
- controls the difference between the treatments increased with 
_ decreasing temperature. 
As the supply of nitrogen and other elements influences” 
s of SO,, we performed experiments to determine the 
ts of soil nitrogen and sulphur on the SO,-freezing interac- 
first of these experiments was a fumigation—growth 
was used to select contrasting nutrient treatments 
cond: experiment. In the former, newly germin- 
f L. perenne cv. $23 were sown at a density of 
pot containing washed, coarse sand. All 
seived deionized water each day and 10 ml of 
n per pot twice a week. Four. nutrient treatments 
ble 1) to give low soil S-low N, low S-high N, 
Słow N and high S-high. N. All nutrient solutions con- 
m D} KH;PO, 180, CaCl,.2H,O 367, MgCl.6H,O 
ice elements, together with different concentrations 
and NH,NO;,. The low and high sulphur solutions 
1.3 and 213mg!" Na,SO,, giving 4.8 and 
respectively, while the low and. high nitrogen sol- 
ye 40 and 400 mg p CMNO, giving 14 and 
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: tage. survival of control (open bars, <15 pg 
gated (cross-hatched bars, 250 pg SO m~3) 
high nitrogen medium. LTso of controls = 
fumigated plants = —-7,6+0.2°C. b, As for 
en low sulphur—low nitrogen medium. LT so 
0.4 °C, compared with ~8.4+0.3°C. for fumi: 
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nitrogen concentration i inclean air—that i is, sulphur was limitir 


inj i wer 
culture i in the same environmental conditions nd a 


has several implications, particularly in relation tò -effor ' 


obtained i in the laboratory to the field situatio 
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Fig. 3 Dry weight {mg per plant) of L. perenne shoots aod me 

to. sub-zero temperatures and SO5. a, Control (~-) and fumigated © 

(- - -} plants on high sulphur-high: nitrogen medium. b, Plants on 

low sulphur-low nitrogen medium. Vertical bars represent stan- 
dard errors. 














first experinent. After ter: 5 week: “of fumigation, ‘the bla 
harvested, dried at 105 °C and weighed. The results. are hoy 
in Table f. | 

In both conital: and. ‘fataigated treatments, an increase» i 
nitrogen concentration significantly increased yield but the 
effects of soil sulphur were more complex. Increasing the. sul- 
phur concentration increased yield only in the presence of high 


only when the nitrogen ‘concentration was high and SO; was 
low. th igh did not iapa tog ompensate for dow: soil sulphur. 


















the previous experiment. After 5weeks of recovery from ree 
ing, the plants were scored for survival, harvested, dried and 
weighed (Figs 2, 3). Lye 
The reaction of plants. given “high substrate: ‘sulphur anc 
nitrogen to sub-zero: temperatures: (Fig. 2a) confirmed: the 
results of the first experiment in that SO, reduced both survival 
and the LTso (from ~—8.4+0:4°C to -7.6+0,2°C). However, 
the difference between control and fumigated plants was greatly” 
reduced (Fig. 2b) when they were grown on the low sulphur-low | 
nitrogen medium. The poor winter hardiness of L. perenne was _ 
reflected not only in the LTs, but also in the dry weights. In- 
both nutrient regimes and for both control and fumigated plants, _ 
lowering of the temperature caused a progressive decrease in | 
shoot weight but the weight of fumigated plants on the high | 
sulphur~high nitrogen medium was consistently less than con= 
trols. On the low sulphur-low nitrogen medium, SO, had no. 
effect on shoot weight except at the lowest temperature, where 
no fumigated plants survived. Root. weights showed the same 
pattern as the shoots (data not shown). | 
The possibility that pollutants might affect winter hardiness 

was first mentioned by Bleasdale'® in 1952 but. until now there 
has been no direct evidence that SO. affects any of the attributes 
that constitute what we call hardiness. A reduction in surviv: 
at temperatures that are commonly recorded in British wint 














quantify the economic impact of SO-. Several author =i 


commented on the difficulties involved in extrapol: 
















the: difficulties and ‘reinforces the 










xposure of plants at all times of the 
rmal range of environmental conditions. 
ce'*"'* that in areas subjected to SO, 
pollution hi exists natural selection of tolerant populations: 
_ The rate of selection has not been fully established”* but if SO, 
reduces freezing resistance then this could promote extremely 
_ rapid selection, especially in re-seeded leys. It is possible that 
_ » selection might be so rapid that the effects of SO, on the 
production of re-seeded grasslands might be transient and 
_.. limited to a short period immediately after sowing. 
- We thank Alcan (Lynemouth) for financial assistance and 
Dr W. S. Stewart for the loan of equipment. 
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‘Wasted’, a new mutant of the mouse 
-with abnormalities | 

l characteristic of ataxia telangiectasia 
L. D. Shultz, H. O. Sweet, M. T. Davisson 

& D. R. Coman 

The Jackson Laboratory, Bar Harbour, Maine 04609, USA 





of complex multi-system diseases has been facilitated by the 
. study of single gene mutations in experimental animals. Ataxia 
< telangiectasia is such a multifaceted genetically determined 
_ disease for which no animal model has been described. It occurs 


7? „tasia, chronic sinopulmonary disease, endocrine abnormalities, 
chromosomal aberrations, and a high incidence of neoplasms” 


— <- Although the clinical. manifestations have been well docu- 


~ ‘mented, the cause of the disease is unknown. The pleiotropic 
nature of the ataxia telangiectasia gene is very complex. Many 
“aspects of this disease, including impairment of tissue differenti- 


valuable in elucidating the underlying mechanisms, and in 


have recently found a spontaneous mutation of the mouse called 













of ataxia telangiectasia. This mutation can be recognized at 3 


spontaneous and y ray-induced chromosomal damage. 
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| paralysis and do not surv whey ond 30 De te ‘AS wasted a: 


y effects as they occur in the field, . 
mice are short-lived, the mutation was crossed to a segregating 


on Plants (ed. Mansfield, T. A.) 105-114 (Cambridge University Press, Cambridge, : 


18. Bell, J. N. B, Ayazloo, M. & one G. B. in Proc. 2nd Eur, Ecelogical Sympa Berlin 


Research into the basic mechanisms underlying the development | 


in children and is characterized by varying degrees of 7 
immunodeficiency, cerebellar ataxia, oculocutaneous telangiec- ` 


ation in embryological development are not amenable to direct | 
study, thus an animal model for ataxia telangiectasia would be — 


_ developing effective preventive or therapeutic measures. We | 
‘wasted’ (wst) that shows pathological changes similar to those _ 
- weeks of age by neurological abnormalities. We report here | 
-~ that affected animals show pathological changes i in the central | 


: nervous and lymphoid systems and exhibit a high degree of 


The autosomal recessive mutation wst occurred spon- | 
taneously in 1972 in the inbred HRS/J colony maintained in - 





background (C3HeB/FeJ] xC57BL/6J) to increase viability yx 
through ‘hybrid vigor’. We then studied the effect of the wasted ~~ 
mutation on the segregating hybrid background. We are pres- 
ently backerossing the wasted mutation to the CS7BL/6] strain. 
Although: wst has not yet been mapped, it does segregate 
independently of markers on chromosomes. 1~11, 13-15, 17 
and 19; further linkage tests are in progress. Allelism tests using. 
ax’, bc, cri, dw, dy, mdf, med’, myd; nr, ped, tn, twi and wl — 
were all negative. (For a description of these genes, see ref. 5.) : 

While mice normally show rapid growth and weight gain 
between 20 and 30 days of age, wasted homozygotes show no 
weight increase after 20 days. Of particular interest was the 
finding that, by 28 days of age, wasted mice have a marked 
lymphoid hypoplasia with significantly decreased (P<0.05, 


Student’s t-test) spleen, thymus, and lymph node to body weight _ i 
ratios (Table 1). Analysis of peripheral blood in 17 pairs of — 


mutant and control mice revealed that 3-4-week-old wasted 
homozygotes have a threefold decrease i in numbers of circulat- 
ing leukocytes (2.8+0.52 x 10° ml” 


mine whether the wst mutation affects development of both ~ 
Thy-i-bearing cells (T cells) and surface. immunoglobulin- 
bearing cells (B cells), spleen cell suspensions were analysed 
by indirect immunofluorescence microscopy” using monocion 
anti-Thy 1.2. antibody (cell culture supernatant from hybridoma x 
HO-13-4, 9)’ and fluorescein-conjugated — goat - anti-mouse _ 
immunoglobulin. Preliminary analysis of nine pairs of wasted 
and littermate control mice (20-28 days old) showed no 
significant effect of the wst mutation on percentages of T and 
B cells (data not shown). Thus, the lymphoid hypoplasia is not 
restricted ‘to a single major lymphocyte subpopulation. X 
Similarly, in ataxia telangiectasia patients, percentages of circu- 
lating B cells are normal while those of T celis are within the 
lower normal limits®, 

As patients having ataxia einne ia itopaienteat of 
delayed-type hypersensitivity (DTH), we examined the DT’ 
response of wasted mice to sheep red blood cells (SR 
Homozygotes (wst/wst) had significantly decreased DTH 
responses 4 days after priming compared with +/— Jittermate 
controls, as measured by the specific increase in footpad. thick- 
ness 24h after injection of an eliciting dose (10°) of SRBC’ 
(data not shown). 

Histological examination of tissues from 10 pairs of wasted 


and littermate control mice (22-29 days old) revealed abnor- 


malities in the central nervous and lymphoid systems of mutant 
mice. The brain showed degeneration of Purkinje cells and 
focal demyelination in the cerebellar cortex (Fig. 1); focal 
demyelination was also found in the ventral columns of the 
spinal cord of wasted mice, Purkinje cell degeneration and focal > 
demyelination have also been described in association with 


ataxia telangiectasia’*"°. Marked hypoplasia was found in both ~ 


the thymus-dependent and thymus-independent areas of the- : 
lymphoid system. The follicles of the lymph node and spleen 





Table1 Body weight and lymphoid organ/body weight ratios of wasted 
mice 





Lymphoid. organ weight (mg)/ 


Body weight body weight (g) 
Genotype (g) Thymus. Spleen Lymph node* 
wst/wst 7.80.51. 2.440. 34 -2:00.23 0.19+0.03 
ie 14.8% 0.61 — 5 2+0, 29- A 3+0. 17 0.27 +0.02 





Values are mean EN em. oe s8). Lymphoid organs were taken from e3 
28-day-old wasted and littermate control mice of the same sex. 
+ Right brachial ape nodes were ened: 
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for wst/wst mice asii: 
opposed to 8.7 + 1.06 x 10° ml’ for +/— littermates). To deter- 
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Fig. 1 Sections of brain from 29- 
day-old wasted and littermate con- 
trol mice. a, Cortex of cerebellum 
from littermate control showing nor- 
mal Purkinje cells; aborescent fibrils 
are evident. 5, Cortex of cerebellum 
from wst/wst mouse; Purkinje cells 
appear shrunken and deficient in 
fibrils (luxol fast blue—cresy! violet, 
x140). c, Cerebellum from titter- 
mate control showing normal myeli- 
nation. d, Cerebellum from wst/ wst 
mouse showing advanced myelin loss 
(luxol fast blue—cresyl violet, x70). 


were poorly developed, Peyer's patches were few and small, 
and there was a reduction in cellularity of the thymic cortex 
(Fig. 2). Thymic hypoplasia and lymphocyte depletion in the 
cortical and paracortical areas of lymph nodes are common 
features of ataxia telangiectasia’. No gross or histological 
evidence of telangiectases was found in wasted mice, but 
development of such vascular abnormalities is thought to 
require exposure to sunlight’. 

As ataxia telangiectasia is characterized by spontaneous and 
induced chromosomal aberrations, such changes were sought 
in wasted mice. We examined chromosomes in bone marrow 
cells collected from nine pairs of wasted and littermate contro! 
mice (23-28 days old). Cells were not G-banded so that they 
could be scored for chromosome gaps. At least 50 cells from 
each mouse were scored blindly for chromosome damage. The 
wst/wst mice showed a fourfold greater incidence of chromo- 
somal damage then their littermate controls (8.8+1.69% of 
cells from wst/wst mice compared with 2.2+0.77% of cells 
from +/— littermates showed chromosomal damage). The 
damage included chromosome and chromatid breaks, gaps and 
fragments, implying either increased chromosome breakage or 
failure of breaks to rejoin. Preliminary data suggest that wasted 
mice may also be more susceptible to radiation-induced 
chromosomal injury. Two wst/wst mice and two littermate 
controls were irradiated with 200R from a Shepard Mark 1 
irradiator ('*’Cs). After 18h the mice were treated with col- 
chicine, and chromosomes were prepared from bone marrow 
cell suspensions; 80% of 30 metaphase cells in wst/wst mice 


403 





showed damage of some sort while the controls revealed only 
minor damage in 30% of the cells scored. 

Thus, homozygosity for the wasted mutation results in 
impaired neurological and immunological development as well 
as increased levels of spontaneous and y ray-induced chromo- 
somal damage Whether the chromosomal aberrations in wasted 
mice are associated with defective DNA repair, as has been 
shown in cell lines isolated from individuals with ataxia 
telangiectasia’, has not been determined. Elucidation of the 





Fig. 2 Thymuses from 29-day-old wasted and littermate control 

mice. a, Littermate control showing normal thymic structure; b, 

‘wasted’ thymus showing depletion of cells from cortex 
(haematoxvlin—eosin, x25). 

















was ‘supported NIH research grants CA20408 and 
GM27102, NSF grant DEB79-26708, and ACS grant CD-34U. 
Note added in proof: Associated with the focal demyelination 
in the brain and spinal cord of wasted mice are numerous dilated 
capillaries. 
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Peripheral pathways are pioneered by 
an array of central and peripheral 
‘neurones in grasshopper embryos 
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_ During embryonic development, neuronal growth cones traverse 
“long distances along stereotyped pathways to arrive at their 
. appropriate targets. Since Harrison’s initial observations’, 
` increasing evidence has supported the notion that axonal path- 
_ ways are “pioneered” early in development when the distances 
are short and the terrain relatively simple; thus an axonal 
scaffold is erected upon which later neurones can navigate. 
Grasshopper embryos have emerged as an attractive prepar- 
ation in which to study pathfinding because the nervous system 
is relatively simple, and the individual identified neurones in 
the periphery and central nervous system (CNS) of the embryo 
are large and highly accessible. How are the first axonal path- 
ays established between the periphery and CNS? Bate’ has 
described a single pair of cells in the limb buds, and two pairs 
in the antennae, which were thought to establish the very first 
peripheral pathways over distances of several hundred micro- 
-metres from the periphery to CNS; he called these pairs of cells 
: “pioneer neurones’. Keshishian’ confirmed this finding and also 
described‘ a second pair of pioneers in the limb buds. We report 
here a further analysis of peripheral pathfinding in the grasshop- 
per embryo using a monoclonal antibody, called 1-5, which 
stains the cells responsible for establishing the first pathways**. 
In contrast to the earlier reports, we find a large array of 
peripheral cells responsible for establishing the first pathways, 
with both pathfinders and landmark cells spaced at short inter- 
-.-vals along the route. Furthermore, growth cones from central 
 motoneurones make important contributions to the first 
peripheral pathways’. 

Monoclonal antibodies against the grasshopper nervous sys- 
-tem have been made with the goal of obtaining cell markers 
“which label specific subsets of cells early in embryogenesis””° 
+ In early embryos, one of these antibodies, called I-5, stains a a 
„specific pattern of neurones and mesodermal cells**, including 


the I-5 monoclonal antibody*® 
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for “technical assistance. This work i 
the antennae? and limb. buds*~* 
‘division, and before axonogenesis (Fig. 1a); the antibody also 


the pairs of peripheral pioneer neurones originally described 
by Bate’ and Keshishian’™. Interestingly, the I-5 antibody also 
reveals an array of previously unseen cells and growth cones: 
that are intimately involved in pioneering the first peripheral 
axonal pathways. In this paper we have studied these cells using 
, observations with Nomarski 


ea 





shortly after their final cell 


stains their growth cones and axons (Fig. 14,c). In the antenna 
(Fig. 2), two pairs of neurones [first the ventral pioneers (VP) 


and then the dorsal pioneers (DP)] appear at the distal tip and 


extend growth cones towards the CNS, thus pioneering the two 
axonal pathways within the antenna. At the same time, a single 
base pioneer (BP) appears at the base of the antenna and its 
growth cone is the first peripheral process to reach the CNS. 

Simultaneously, a growth cone from a motoneurone originating 
in the CNS extends outwards towards the base of the antenna, 
running parallel, although not fasciculating upon, the BP's axon; 

the motoneurone growth cone stops at the lateral edge of the 
antennal base and in time innervates a muscle that develops at 
this location. Thus, the pathway between the antennal base and 
the CNS is complete by the time the growth cones from the 
more distal VP and DP neurones arrive and follow the BP 


pathway into the CNS. Interestingly, when these cells first 4 
appear inside the ectodermal epithelium, they are spaced at — 





Fig. 1 Photomicrographs of limb buds (A, C) and antennae B) 
showing staining of celis with I-5 monoclonalantibody; the growth - 
cones of these cells are involved in pioneering the peripheral 
axonal pathways in the grasshopper embryo, The embryo is dissec- 
ted out of the eggshell, lightly fixed in 2% paraformaldehyde, and 
incubated overnight in 1-5 supernatant with 0.2% saponin. The 
antibody is visualized using an HRP-conjugated second antibody. 
a, Staining of the pair of 1E cells in the limb bud just before they 
initiate growth cones. The 1E cells are just within the ectodermal 
epithelium at the tip of the limb bud. b, Staining of the ventral 
pioneers (VP) in the antennae after they have initiated axons. 
Their growth cones (not shown) have just arrived at the cell body 
of the base pioneer (BP). c, Staining of the limb bud showing the 
intersection of the A, B, and C pathways (established by the LA, 
1B, and iC cells, respectively), and the growth cones of the early 
motoneurones (the 8 motoneurones) as they grow distally and 
establish the D pathway (long arrow) (see Figs 3, 4). Large cell 
above A pathway is a mesodermal cell also stained by the [-5 _ 
antibody. Cell body diameters in a and b are ~15 um; large 
mesodermal cell in ¢ is. ~30 wm i in diameter. 
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The Us antibody tains the } pairs of pioneer Peurones i in both” : 
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Fle. 2 Drawings of the antennae of the grasshopper embryo at 
"successively older stages of development, showing the pioneering 
. _of the peripheral axonal pathways by the growth cones from 
es _ Peripheral and central (arrows) cells. Bar, 100 um. 


: ets 


“A similar, albeit more compet. series yote events takes place 
1 developing limb buds (Figs 3,4), The first growth cones in 
the limb bud arise from the 1B cells (Bate’s* original ‘ pioneers’). 
e 1B growth cones extend proximally towards the CNS along 
ment. memi rane on the inside of the ectodermal epi- 
imb bud, growing past where the 2B cell appears 

B ell pot ay. as we ee, the 












h cones er ontifinue gene 
| of 2 idance for the 1B growth 
sis kely. to be the 1A cells (as ‘landn nark’ cells). In the 
j- and mesothoracic limb buds, the 1A cells send growth 
nes towards the CNS before the 1B growth: cones arrive at 
ir-cell bodies; thus. the 1A cells pioneer the first pathway 
he A. pathway, Fig. 4) between the base of the limb bud and 

“NS (Fig. 3a). The timing is different, however, in the 

1oracic limb bud. Here the 1A cells do not pioneer the 
way to the CNS; rather, the 1B cells grow towards 
m and then continue growing towards the CNS, followed 
thereafter by the 1A growth cones. 
second pathway is simultaneously made by growth cones 
otoneurones originating in the CNS; these growth cones 
do not fasciculate with the 1A or 1B axons but rather form a 
-separate yet parallel pathway between the base and the CNS. 
As development proceeds, the A pathway becomes nerve 5 
whereas the second parallel pathway becomes nerve 3. 

The C pathway is made by the pair of 1C neurones. Much 
of the D pathway is pioneered by growth cones of motoneurones 
originating in the CNS which extend out along the A pathway 
Shortly after it is established; instead of growing along the B 
“r c pathways, these motoneurones make a new pathway as 









j diagram showing the identities of cells 
eering the pathways A to F of nerve 
way of nerve 3 is the pro- and 
buds. In the metathoracic limb bud, 
ot pioneer the A pathway, but rather. 
cones use the 1A cells as landmarks and 
ontinue growing towards the CNS. 












pioneering the peripheral pathways in limb buds, but: rathi 
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embryo at successively older. stages af eh t, ie ow 
pioneering of the peripheral axonal pathways by the growth co 
from peripheral and central (arrows) cells. For clarity, only a a 
cells are named; the complete identities are shown i in Fig. 4. is 










they grow distally (Figs 1, 3, 4). These 1 motoneurone growt 
cones meet those from the: 1D cells and thus the D pathway 
completed. The E and F pathways are pioneered by pairs of 
peripheral cells in a similar fashion simultaneous to the pioneer- 
ing of the D pathway (Figs 3, 4) [the 1E cells are Keshishian’s* 
second pair of pioneers]. Just as in the antenna, the distances 
between the peripheral neurones in the limb bud are relatively 
short (often 50 to 100 zm) when they first extend growth cones 
Here too the cells have extensive lopodia and may be in dire 
contact at, or shortly after, axonogenesis. oe 

Four major conclusions: are ‘suggested by our results. Firs A 
peripheral pathways are pioneered by growth cones from < 
tral as well as peripheral neurones. For example, nerve 3 
the D pathway of nerve 5 are pioneered by motoneurones 

Second, there are not just two. ‘pairs of cells involved. 

























































large array of cells. In sheer number, this array. of cell: 
4) at first glance appears to hopelessly increase the compl 
of the problem. Yet their unveiling dramatically simplifies tk 
picture and points us towards specific experiments. The finding 
that the cells are so close and no one cell must alone traverse _ 
a large expanse of axonless territory, shifts our attention from: 
long distance guidance mechanisms (e.g. diffusible gradients). _ 
to local interactions between identified cells over short dis-. 
tances. In many cases, cells may be in direct filopodial contact’ 

with ‘landmark’ cells (for example the 1A cells appear to be 
stepping stones [2] for the 1B growth cones); in other cases, 
specific mechanical substrates (e.g. the tendon followed by the | 
1E cells, see below) may take the growth cones to their next 
neuronal contact. The finding of landmark cells in the periphery ae 
is similar to our finding of landmark cells in the CNS? | 















o go. For example, the 1E growth cones extend along the 
ithelium until they near the 4B cell bodies. Rather than climb 
onto the B pathway, they make a turn and grow along a tendon 
to the 1D cells, thus completing the E pathway. In a similar 
way, early motoneurone growth cones are confronted with the 
B and C pathways, yet choose to. grow laterally and pioneer 
a new D pathway. The finding of specific choices made by 
growth cones in the periphery is similar to the divergent 
and specific choices made by identified growth cones in the 
CNS)! E 
Finally, we must re-evaluate the concept of ‘pioneer 
neurones’. Bate and Goodman have shown that other 
peripheral nerves (such as the intersegmental nerve and the 
median nerve) are pioneered by motoneurone growth cones 
from neuroblast progeny in the CNS (manuscript in prep- 
aration). Furthermore, pathways in the CNS are pioneered by 
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malian thalamic neurones in vitro 
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_ Although much is known about the morphology and physiology 


e ionic basis for. the electrical excitability of these cells. 
urthermore, possible differences in the electrical properties 


ot been studied in sufficient detail to determine whether the 
thalamus is, electróphysiologically, a uniform sef of neuronal 
elements. Here we present evidence that thalamic neurones 


- two distinct functional states—a repetitive and a burst-firing 
mode. The neurones are switched from one state to the other 


by different voltage-dependent ionic conductances. At mem- 
brane potentials more positive than —60 mV, the neurones 





tive than —65 mV, depolarization of the cell results in os 
bursts of action potentials via an inactivating all-or-none Ca’* 





















_ their oscillatory properties. Particularly, the inactivating Ca?* 


_ alpha rhythm. 
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k th unique role of establishing axc 


usible' Aae e amh cones acolo of which severa oe ji hway 
i grasshopper embryo. Rather, neur nes of diverse ectodermal 


of thalamic neurones‘, no information is available regarding 


the principal nerve ‘cells in the various thalamic groups have 


have voltage-sensitive ionic conductances capable of generating 
by membrane potential changes, each state being dominated 


. respond to a depolarization with repetitive firing via Na*- 
dependent action potentials, whereas at potentials more nega- 


© dependent spike. This property, present in all the neurones 
comprising the different thalamic nuclei, serves as the basis for 


: conductance represents the ionic basis for the post-anodal 
exaltation, the mechanism most probably responsible for the 


c: The study was performed on 400-pm-thick thalamic slices 
. obtained by coronal section of guinea pig brain using a 
“vibratome cutting device (Oxford G501 Vibratome). Typically, 
‘six sections included most of the thalamus. The sections were. 
-placed in a special lucite chamber under a flowing mammalian 
Ringer’s solution’. Electrophysiological analysis was perfor- 
med, under direct microscopic observation, on neurones of the 
anterior, medial and lateral thalamic nuclear groups, including 
the lateral geniculate nucleus and neurones in the lamina’ 








lass ; of precurso or ‘tel which give rise to cells having © 3 
ways throughout the - 





origin appear early in- embryogenesis and pioneer pathways 


when the distances are short and the terrain relatively simple. x 
This finding shifts the emphasis away from the special role: 


played by ‘pioneers’, and focuses our attention on the questions 
of what cell-to-cell interactions and substrate features guide 
the first peripheral growth cones. These questions can be 
answered by manipulating the pioneer neurones, landmark 
cells, and ectodermal epithelium in grasshopper embryo cul- 
tures. In this way, we hope to establish by what mechanisms 
these ‘pioneering’ growth cones are guided across short 
distances of axon-less territory. 
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Taghert and Michael Bastiani for the anti-LY antibody. This 
work was supported by grants from the McKnight Foundation, 
NSF, and Sloan Foundation to C.S.G. 
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interna. The techniques for sectioning iad maintenance wor the 
slice have been described elsewhere’. Intracellular recordings 
were made using potassium citrate- filled micropipettes having 

a d.c. resistance of 50-90 MQ. Cells were activated either 
antidromically or synaptically by means of bipolar stimulating . = 
electrodes located on the midline region of the thalamic mass — 
(see arrow in Fig. 1A) or directly through the microelectrode 
using a bridge amplifier. Neurones were identified by their 
antidromic and synaptic activation, and their thalamic site was 
determined by direct observation. Although single somata were _ 
often not visible, the exact outline of the groups of nuclei could — 
be easily determined (see Fig. 1A). Intracellular recordings oe 
from these neurones indicated that they could survive well for — 
>8h after the slicing procedure. The stimulus amplitude ` 
required for the antidromic activation of these cells (Fig. 1B) 
was often lower than that for the activation of synaptic inputs 
(Figs 1C, 2E, F). Considering the thickness of the slices, we 
suspect that only monosynaptic connectivity can be reliably 
studied in this material. 

The electrical properties of the cells were examined by direct _ 
stimulation via the recording electrode. As. shown in Fig. 2A, 
thalamic cells may be characterized by two distinct types of 
electrical response. When the resting potential was more posi- 
tive than —60 mV, thalamic neurones fired repetitively at 
increasing frequencies with increasing. amplitude of direct 
depolarization. A plot of the instantaneous. adapted firing 
frequency, f (1s pulse duration) against current injection (7) - 
is shown in Fig, 2C, which illustrates the graded nature of the. - 
repetitive firing properties of these cells. However, in contrast — 
to other central neurones’, no primary firing range was obser- 
ved: rather, the neurones fired with a typical minimal frequency 
of ~10 impulsess~’ and reached firing frequencies of 
165 impulses s~'. At this membrane potential level, we obser- 
ved. no after-depolarization comparable - to that seen in 
motoneurones*, and Purkinje’, inferior olivary’ and hippocam- 
palf cells in vitro. On the other hand, when the cells had resting - 
potentials more negative than —60 mV, or were hyperpolarized 
by direct inward current injections, rather than the continuous 
firing, a single burst of action potentials was observed after a 
step depolarization (see Fig. 2A, B). The lower record in Fig. 
2A demonstrates a passive ‘membrane depo rization produced | 
by a square current pulse that is sub hreshold for spike initi- — 
ation. When, as shown i in the lita record ig. 2A, the same 
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EG; „lateral 
LN, lateral 
PN, < parafascicular 
a ‘Ventral thalamic 

+ V, third ventricle. Arrow 
ates the location of the bipolar 
timulating electrode. B, anti- 















; voltage and time calibration are indicated. 


current pulse was superimposed on a d.c. depolarization, the 
cell fired repetitively. This is expected if the sum of the two 
depolarizations reaches the firing level of the cell. However, 
“when the membrane potential was hyperpolarized from rest, 
„another type of electroresponsiveness was observed. Indeed, 
_the excitability of the cell was increased by membrane. hyper- 
polarization. Thus, single burst responses having an abrupt 
and a smooth falling phase were obtained by current 
in Fig. 2A when the cell was previously hyperpolarized 
By. Note the marked difference between the 
he tonic firing (arrow in Fig. 2A) and that of 
se (arrow in Fig. 2B). The burst response had 
“components: (i) a slowly rising all-or-none 
ion, the amplitude of which is directly related to the 
of membrane hyperpolarization; and (2) one or more fast 
activated from the slow. depolarization. 

uch a burst-was also observed as a rebound response at the 
k of a Pe apei current. Pulse Fig 2p). in these 






























he = i pee 
ency (f) of the repetitive 
g of the cells as ‘seen in A for 
evels of current injection 
bound. burst response. 
perpolarizing pulses “of 
Te nt amplitudes. E, in another — 
ll, excitatory synaptic potentials 
_ obtained from rest. show their 
-graded character and the firing 
devel of the neurone. F, synaptic — 
: potentials of similar amplitude ‘as 
in E produce, following: hyper- 
polarization, long-lasting all-or- 
none responses on which fast 
spikes. are generated at the same 
-fring level as in E. G; slow all-or- 
mone. response generating fast 
spike, from a cell slightly hyper- 
polarized from rest „potential, H, 
“blockage of Na” conductance 
X, the fast action potential 
ut the slow response 
J, addition of 
ting ‘solution 






dromic invasion of VN cell after midline stimulation. G synaptic activation from the same locus after i increase in stimulus strength. The | i 


the activation of the sown sponse and the fast action at 



























the amplitude at this response. With larger hyperpolarizations — 
the slow component reached the threshold for fast spike activa- 
tion. Note that the hyperpolarization had a slow recovery time 
suggesting the presence of an ‘early Na conductance’. The 
increased excitability that occurred with hyperpolarization was 
also demonstrated after synaptic activation. Figure 2E shows _ 
that smoothly graded excitatory synaptic potentials which = 
reached the firing level were obtained in a thalamic neurone - 
having a resting potential of -60. mV after midline thalamic 
stimulation of increasing amplitude. When the neurone wa 
hyperpolarized by 15 mV (Fig. 2F), thes same ge Swans activ iti 
generated all-or-none slow dey vola int 
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none response (Fig. 27). These results indicate that the slow 

-spike is generated by a voltage-dependent change- in Ca** 

conductance’. Furthermore, the nature of this response is 

-similar to the low-threshold Ca**-dependent spikes described 

in the inferior olive”. 

A more detailed study of the switching between a Ca’*- 
dominated and a Na*-dominated electroresponsiveness 


revealed that this change occurs in.almost an all-or-none man- 
ner. Figure 3 shows that when the excitability of a cell was 
challenged with a series of brief depolarizing pulses (of sufficient 
amplitude to fire the cell), and simultaneously the membrane 
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- Fig. 3 Voltage-dependent burst-to-tonic switching of thalamic 
~ cell activity. A, response of a thalamic cell after short current 
- pulses delivered from a slowly rising ramp depolarization pulse. 

_ The cell switched abruptly from a burst response to tonic firing | 
-as the d.c. potential decreased by ~10 mV from the initial value. — 
B, records obtained at a higher sweep speed at the times indicated 
by a to d in A. Note the transition from burst response (a and 
b) to tonic response {c), followed by the abrupt return to a burst 

“response (d). i 








uration of 30- 
potentials at a 
n the level of 








in the f-I plot in Fig. 2C. 


The mechanism for the switching between these two excitabil- 
ity states was clarified by further studying the properties of the 
Ca**-dependent electroresponsiveness. As shown in Fig. 2D, _ 
the amplitude and the rate of rise of this Ca’ -dependent 
response varies with membrane potential in a very steep man- i 
ner. In addition, as in the case of the inferior olivary cells, these 
responses completely inactivate at membrane potential levels ` 
more positive than —60 mV. This voltage-dependent inactiva- 
tion explains both the presence of burst responses when the 
cell is hyperpolarized and the rebound activation of these cells. 4 
Furthermore, as observed. in inferior olivary neurones’, these — 
rebound calcium spikes show a long refraction, indicating that _ 
the kinetics of recovery from. the inactivated state are slow... 
This slow recovery also explains why such responses are unitary- 
as their activation is followed by a rather prolonged refractory — 
period of 80-150 ms. aes ee E a 

‘In conclusion, these findings indicate that thalamic neurone 
have special voltage-sensitive ionic conductance properties — 
which allow them to change from a phasic bursting response — 
(followed by neuronal silence) to graded repetitive firing, and» 
this switching is modulated by me mbrane potential. When the. 



















cells have a resting level more negative than —60 mV, a low 
threshold calcium response is obtained. The other integrative 
state is characterized by tonic firing brought about by depolariz- 
ation of the cell to levels more positive than —60 mV. At this 

membrane potential level, the calcium conductance which gen- 

erates the slow response is inactivated and the cell fires repeti- | 
tively. Although the precise distribution of these conductances .. 
over the soma-dendritic area of these neurones has not been- 
determined, by analogy with inferior olivary cells’, we suggest — 
that the Ca’*-deinactivated response probably resides at the — 
somatic level, as does the Na*-dependent action potential 

These electrical properties further explain many of the elec- 
troresponsive properties observed in thalamic recordings in vivo 
where such switching of tonic to phasic firing has in fact been 
described'*’*, Moreover, in conjunction with the recurrent — 
inhibition observed in vivo, this newly described Ca** conduct- 
ance represents the functional basis of the so-called ‘post-.. 
anodal exaltation’ underlying the recruiting responses’? at cor- ` 
tical level and most probably the æ rhythm’. — 
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Recently, the complex organization of the enteric nervous sys- Fig. 1 Immunofluorescent detection of S-100 (a) and NSE íb) 
tem and its independent role in the integrative control of in two serial (4 um) sections of a submucous ganglion in the human 
digestive functions have been fully recognized. However, little colon. Tissues were fixed in p-benzoquinone solution™ (0.4% in 


phosphate-buffered saline, PBS) for 2 h, washed overnight in PBS 
containing 7% sucrose, frozen in melting Arcton and cut with a 
cryostat. Sections were stained by indirect immunofluorescence 
using anti-S-100 antiserum diluted 1:500, and anti-NSE anti- 


is known about the non-neuronal elements present in close 
morphological and, presumably, functional relationship with 
the enteric neurones. Although ‘enteric glial cells’ in gut ganglia 


and Schwann cells accompanying nerve fibres throughout the serum diluted 1:800 in PBS (overnight incubation), followed by 
gastrointestinal wall can easily be recognized by electron micro- fluorescein isothiocyanate-conjugated goat anti-rabbit IgG diluted 
scopy on the basis of their ultrastructural features’, the lack 1: 200 (1 h). Specific rabbit antisera raised against ox S-100'* and 
of a suitable common marker for the visualization of these rat NSE, fully cross-reacting with the human S-100 and NSE, 
non-neuronal components of the enteric nervous system has were used. Controls included the use of antibodies preabsorbed 
hampered investigation. S-100 is a Ca**-binding protein“ with 20 pg ml~* of ox S-100 and S nmol ml” of rat or human 
- Originally isolated from the brain‘, where it is localized mainly NSE. S-100 immunoreactivity (a) was confined to the slender and 
in glia® . We demonstrate here, using immunohistochemistry elongated glial cells (GC) partially surrounding neurones (N), 


which were completely negative for this antigen and were revealed 


and electron immunocytochemistry, that both enteric glial cells (b) by NSE immunostaining, x700. 


and Schwann cells of the human gut contain densely 
immunoreactive S-100. This protein can therefore be regarded 
as a common marker for the glial components of the enteric 
nervous system, 

The distribution of the S-100 protein in the enteric nervous 
system was studied by immunocytochemistry in tissue samples 
obtained from uninvolved areas of segments of human gut 
resected for carcinoma (stomach, ileum and colon: n =15). 
Throughout the entire length of the gastrointestinal tract, 
S-100-immunoreactivity was detected in the ganglia of both 
the submucous and the myenteric plexus, in slender cells having 
numerous projections partially surrounding enteric neurones 
(Fig. la), presumably glial cells. In addition, numerous 
elongated, dendritic cellular elements were immunostained in 
all non-epithelial layers of the wall (Fig. 2); these were con- 
sidered to be Schwann cells. 

To confirm that in enteric ganglia S-100 is selectively local- 
ized in glial cells, we compared the distribution of this antigen 
with that of neurone-specific enolase (NSE), an isomer of the 
glycolytic enzyme enolase that is specifically localized in 
neurones of the central nervous system (CNS)’* and has also 
been demonstrated in gut neurones’. Figure 1 shows that S-100 





was localized only in glial cells (a), while neurones, identified Fig. 2 S-100 immunofluorescence (fixation and immunostaining 
by NSE immunostaining (b), were completely negative. as described in Fig. 1 legend) in the muscle layer of the human 
Ultrastructurally identifiable Schwann cells accompany the colon. Numerous slender cells having several long, branching 


processes can be observed. Similar elements, with the morphologi- 
cal appearance of Schwann cells, were demonstrated in all non- 
epithelial layers of the gut wall (10 um section, x 120). 


bundles of nerve fibres running through all layers of the gut 
wall, forming an incomplete sheath around them’. To confirm 
that the S-100-immunoreactive elements found outside the 
à enteric ganglia were Schwann cells, we studied their three- 
‘dimensional structure and distribution in stretch preparations 
of either submucosa or lamina propria separated by microdis- mucosae (Fig. 3b) and in the lamina propria up to close contact 
section, then immunostained and examined whole’. In both with the basement membrane of the epithelium. The distribu- 
of these layers, a network of S-100-immunoreactive elements tion of S-100-immunoreactivity seems therefore to parallel the 
was demonstrated in the internodal strands running between general distribution of the enteric innervation. 
enteric ganglia (Fig. 3a), around blood vessels, and in a dense Glial cells in enteric ganglia have distinctive ultrastructural 
mesh of interconnecting cells both at the level of the muscularis features resembling those of astrocytes in the CNS*. Typical 
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immunostaining for S- 100 was demonstrated i in Schwann cells 
` partially surrounding bundles of nerve fibres (Fig. 4b). In the 
. -present experiments, only the cytoplasmic localization was con- 
:sistently demonstrated in enteric glia, even though a nuclear 
localization of this protein has been documented in the 
CNS'* = 
Although S-100 has recently been demonstrated in various 
“locations outside the nervous system, including stellate cells i in 
the adenohypophysis'*”’, satellite cells in the adrenal medulla’ 
melanocytes and Langerhans cells in the skin'’ and chon- 
‘drocytes’®, there is general agreement on its prevalent localiz- 
ation in the CNS in glia”. The presence of this brain protein 
in the enteric nervous system agrees with the numerous 
homologies reported between the gut ‘mini brain’ and the CNS’. 
Another brain protein, the glial fibrillary acidic a has 
recently been demonstrated in enteric glial cells'’. However, 
the absence of this protein from Schwann cells!’ precludes its 
use as a common marker of the non-neuronal components of 
the enteric nervous system. 
- In conclusion, our results indicate that the S-100 protein can 
< be reliably used to demonstrate the glial elements of the enteric 
nervous system in man. This will have immediate relevance to 
the study of disease conditions affecting the gastrointestinal 








Fig. 3 S- 100 immunoreactivity in whole-mount preparations of 
submucosa `’. This layer was separated from samples of ileum and 
colon by microdissection, fixed in p-benzoquinone (see Fig. 1 
legend), dehydrated through graded alcohols, cleared in xylene, 
rehydrated and immunostained in toto by immunofluorescence or 
by the peroxidase-antiperoxidase technique”? - Prolonged incuba- 
tions (16-36 h) and washings (6-8 h) were used. $-100 immuno- 
staining revealed the general distribution of glial elements in the 
whole enteric innervation; a, in glial cells (GC) partially circum- 
scribing unstained neurones (N) in the ganglia, and in Schwann 
cells in internodal strands (1S); and b, in a rich network of Schwann 
cells at the level of the muscularis mucosae. (a, x375: b, x280.) 





“in all: gut tayers, ‘positive 












































Fig. 4 Electron immunocytochemistry for 8-100. Tissues were 
fixed in 4% paraformaldehyde in 0.1 M phosphate buffer for 3 h, 
washed overnight in PBS and cut at 100 um with a vibratome. 
Sections were stained by the peroxidase-antiperoxidase tech- 
nique’ Te (same antibody dilution and controls as described for 
Fig. 1) using diaminobenzidine acid as coupler, then embedded 
in Araldite and cut at 60 nm for electron microscopy. In enteric 
ganglia (a), immunoreactivity is demonstrated in the cytoplasm 
of glial cells (GC), which partially circumscribe neurones that are 
completely unstained (N). In a nerve bundle in the muscle layer 
(b), projections of Schwann cells (SC) are in close contact with 
nerve fibres, which are unstained (ileum: a, 10,000; b, 20,000). 





innervation, especially those in which an abnormal glial prolifer- 
ation is suggested”. 
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: . The classical example of genetic restriction is associative recog- 
nition, the finding that cytotoxic T-cell killing requires matching 
_. between part of the major histocompatibility complex (MHC) 
_ of the stimulating cell and the target cell’. Its analysis would 
_ be facilitated by the study of a system in which antigen-specific 
T seppressor factor (TSF) was genetically restricted in its inter- 
ctio with haptenized cells. However, only one such system 
s m, although there are several l systems in which the 
mus ' be syngeneic with other cells*", We now describe a 
ically restricted TSF which arms an acceptor T cell. This 
ell shows some resemblance to the auxiliary T sup- 
's) cell, the acceptor T cell and the Ts, described 
In the presence of antigen (haptenized spleen 
d acceptor cell releases a nonspecific inhibitor 
ssive transfer of contact sensitivity. (see. Fig. 1). The 
ant finding is that the antigen will only trigger the release 
f the nonspecific inhibitor when there is matching in the I-J 
gion between the TSF and the haptenized cell used as a source 
of the triggering antigen. 
ractice, the T acceptor (Tacs) cell is produced w immuni- 
h picry! chloride. (pic) or oxazolone. The contact 
| is unimportant because it does not influence the 
> system: (Table Ti Macrophages are removed 
ol filtration as they may act as acceptor cells'°. The 
ulation is armed by incubation in anti-pic or anti- 
TSF"? The cells are then exposed to antigen (picry- 
spleen. cells) and the nonspecific inhibitor released into 
jpernatant is: tested by its ability to block the transfer of 
act sensitivity by immune cells incubated in it. This system 
‘ormally analogous to the reaginic system in which the roles 
pecific IgE, mast cell, ‘soluble’ antigen and histamine are 
en by specific TSF, the acceptor T-cell, haptenized spleen 
lsa d the nonspecific inhibitor (see Fig. D A 
experiment investigated the main characteristics of 
‘T acceptor cells were produced by immunization 
hloride or the unrelated contact sensitizer 
sar d were armed with anti-picryl TSF. After washing, 
ated spleen cells were added as a source of antigen and 
supernatant was collected after 2h. Table 1 (lines 3-5) 
hows that nonspecific inhibitor of the passive transfer of contact 
| Se nsitivity was produced when the Taa cells were generated by 
-painting with picryl chloride or oxazolone, while normal spleen 

-cells were ineffective, that is, immunization but not specific 
-immunization was required for the generation of T.a cells. 

< Unseparated or nylon. wool-purified T spleen cells could be 

used as a source of antigen (lines 3, 7) and irradiation at 2,000 

rad did not affect the ability of picrylated spleen cells to trigger 
the release of nonspecific inhibitor. 

_ We next investigated the requirement for genetic matching 
between the anti-picryl TSF and the picrylated cells used as a 
yuri of antigen. Immune T cells from CBA or BALB/c mice 
>d as an acceptor cell population and armed with anti- 
1 CBA or BALB mice. Picrylated CBA or BALB 
re then added as a source of antigen and the 
3 collected at 2 h: Table 2 (line 3) shows that 
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Anti-picryl TSF was produced by. injecting picrylsulphonic acid (PSA) ii 
intravenously, painting with picry! chloride on day 6 and- culturing lympheid cells _ 
taken on day 7 for 48h (ref. 12). Nylon wool-purified T spleen cells Clave 
1.5 10°) taken from mice’4 days after painting with picry] chloride (Pic) or 
oxazolone (Ox) or from normal mice were used as acceptor cells. They were © 
armed with anti-picryl TSF (4 ml) at 37°C for Lh, spun down, washed once and - 
antigen added. The standard antigen was picrylated normal spleen cells (3.x 107) ae 
prepared by lysis of red cells with Boyle's solution. and. pierylation witho: 
10 mM PSA for 10min (ref: 22). The armed acceptor cells and the picrylated 
spleen cells were centrifuged together and: resuspended in 5 ml Ea é ; 
essential medium/ Dulbecco's phosphate-buffered salir Mf 
inactivated foetal calf serum and incubatec for 2h with shakitig e every 4 
Finally the nonspecific. inhibitor: in the: supernatant was tested by. inctibat 
passive transfer cells (2.5 x 10°, 4 day, oxazolone immune lymph node'and pl 
cells) with nonspecific supernatant (5 ml) for 1h, washing once and. inject 
4,510" into each of four to five CBA mice’. The mice were immediate! 
challenged with 1%. oxazolone on both sides of both ears and contact. sensitiv 
was assessed by the ear swelling. at 24 h. The horizontal bars show the increas 
in ear thickness at 24h in units of 10-7 em+s.d. The figures show the percent 
depression of contact sensitivity taking. the positive control group incubated i 
medium as 0% and the negative control group which did not receive any cells: 
as 100% . *The picrylated spleen cells used as antigen were: irradiated at 2,000 rad 
from a cobalt source. The significance: of the difference from the positive control. 
by Student's t-test was *P < 0.05; i 0: 002 and *** p< 0.001. 
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Fig. 1 Analogy between the IgE mast cell system and the T suppressor 
circuit involving Ts-etf, T suppressor factor and the T acceptor cell. In 
allergy to ragweed, the B cell makes specific IgE antibody. This is cytophilic 
and behaves like a mobile receptor which arms the mast cell. On exposure 
to ragweed the mast cell releases the final nonspecific products such as 
histamine. Similarly, in the T suppressor system to the picryl group, the T- 
suppressor cell produces an anti-picry! T suppressor factor. This is cytophilic 
and arms the T acceptor cell. On exposure to antigen (picrylated lymphoid 
cells with the same I-J region as the cells producing the TSF) the T acceptor 
cell releases the final nonspecific products such as the inhibitor of the 
transfer of contact sensitivity. The diagram of the T suppressor factor 
illustrates its binding sites for the attachment to the T acceptor cell (3), 
the recognition of the picryl hapten (<) and the recognition of the product 
of the I-J locus (¢). 







nonspecific inhibitor of the passive transfer of contact sensitivity 
was detected when the TSF, the acceptor T cell, the antigen 
(picrylated spleen cell) and the final test cell were all syngeneic. i 
Lines 7, 9 and 11 of Table 2 show that syngeneity between the 
TSF and the antigen (picrylated spleen cell) was critical fo 
triggering the release of the nons a inhibitor. from 
acceptor cell. Le 


























si Tage Test cell 5% 





“positive control = OxCBR CH 
Negative control A oi 


OOB CBA CBA Ox CBA 


J 


G é 4 6 & 10 
Ear swelling (107° cm + s.d.) 






























































‘lymph. node and spleen T cells from mice painted with picryl chloride 


Poole 
were used.as-acceptor cells and armed with anti-picry! TSF. They were exposed 
to antigen (picrylated spleen cells) and the nonspecific inhibitor was tested on 
ve transfer of contact sensitivity to oxazolone in CBA mice. The experi- 

tudied the effect.on the generation of nonspecific inhibitor of the genotype 
A or BALB/c) of the Tu cell source, the T SF and the spleen cells used as 











inhaptenized CBA spleen cells (line 4) and tt, unhaptenized BALB cells 


ne 5) were added (3 x 10’) to show that BALB cells did not block the liberation 
specific inhibitor through an allogeneic effect. 


ngeneic B10.A mice were then used to confirm that the 
> was responsible for the genetic restriction. Anti-picryl 
SF was prepared in B10.A and B10.A(3R) mice and used to 
t CBA acceptor cells. Various picrylated cells were then 
sed to trigger the release of nonspecific inhibitor. Table 3 
shows that syngeneity at J-J was both necessary and sufficient. 
The question was then asked whether the same molecule in 
the TSF preparation both had a combining site for antigen and 
as responsible for the genetic restriction. In a preliminary 
experiment, TSF purified by absorption onto haptenized micro- 





‘Table 3 : Matching in the J- region between anti-picryl T suppressor factor and 
the triggering antigen (picrylated spleen cells) is required for the release of 
| | nonspecific inhibitor 
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. “Anti-picryl TSF was. prepared in BIO.A and B10.A (3R) mice and used to arm 
CBA acceptor cells. produced by immunization with picryl chloride. Picrylated 


` -gyngeneity between the TSF and the antigen used for triggering the release of 
. nonspecific inhibitor. | i : 


this 
binding ay 
lulose. Dummy. elution was 


We concluded that the hapten recognition. site 


spleen cells from congeneic mice were used to trigger the release of nonspecific 
“factor and the supernatant was tested for its ability to inhibit the passive transfer. 
‘of contact sensitivity to dxazolone using CBA cells. The plus signs refer tò 
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Table 4 Purified anti-picryland-anti-oxazolone T suppressor factors are geneti- : 
cally restricted in their action Sere 
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Anti-picryl and anti-oxazolone TSF? (15 ml) were absorbed for 2h with 0.51 
picrylated or oxazolonated diaminohexane microcrystalline cellulose prepared by. ~ 
haptenizing beads. coupled to diaminohexane using sodium periodate and sodium _ 


borohydride. They were then eluted with the wrong haptenized é-aminocaproic 
acid (3 mg ml") for 45 min and then with the appropriate hapten. The eluates 
were made 0.25% with inactivated newborn calf serum and dialysed against: PBS 


and MEM/PBS. Acceptor cells produced by immunizing CBA mice with picry! 
chloride were armed with the supernatant. Antigen (CBA or BALB picrylated .__ 
spleen cells) was then added and the supernatant tested for its ability to inhibit 
the passive transfer of contact sensitivity to oxazolone using CBA. cells. | 


It is puzzling that the J-J locus and the several J-J deter- 
minants’® are involved at multiple levels of T suppressor sys- 
tems. In particular, the TSF is probably made by an I-J* cell. 
and TSF, including anti-picry! TSF but not anti-dinitrophenyl — 
TSF°, carries J-J determinants’®"*. The Tac cell studied here- 
and those reported elsewhere™®® are J-J* and the genetic 
restriction between the TSF and the triggering antigen in the — 
present system is- FJ -restricted,.An J-region restriction 
between antigen-specific TSF which induces an anti-idiotype 
Tsz and the Ts; is also described“. Finally in neonatal tolerance 
I-J differences favour unresponsiveness’ and the presence of | 
allogeneic J-J augments the activity of certain immune T sup- 
pressorcells®, 00 n Zo cae as 

Czitrom, Sunshine and Mitchison”’ proposed that antigen 
presented in the context of F-J; that.is, on an [-J-positive.. 
macrophage or T cell'’, selectively stimulates T suppressor - 
cells. This implies that the T, and the TSF produced by the T 
carry receptors both for antigen and for the J-J on the antigen- 
presenting cell. This hypothesis would explain the requirement. 
for syngeneity between the mouse producing the TSF, in which . 





















ibit ig elab 
igen- specific TSF to give rise to anti- 
s s“ might be due to the I-J antigen of 





ng asa annie for the induction of suppressor cells. 
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| HLA-restriction of antiviral cytotoxic T-cell responses in man, 
cisely analogous to the H-2-restriction first documented in 
murine virus infections’, has now been unequivocally demon- 
tr ted with influenza virus-specific ^7 and with Epstein-Barr 
_ (EB) virus-specific’ cytotoxic T cells reactivated in vitro. If 
individual effector cells of this kind recognize viral antigen in 
association with one particular HLA determinant, then it 
follows that cytotoxic T-cell preparations from HLA-hetero- 
-zygous donors must be polyclonal with discrete component 
populations each functionally linked to one of the relevant 
HLA-A or -B antigens. Clonal expansion of individual cells 
from such preparations in medium containing T-cell growth 
factor (TCGF-medium) not only offers a means of testing this 
hypothesis but should also provide monospecific populations 
ideal for the analysis of human cytotoxic T-cell function. We 
describe here the establishment in vitro of EB virus-specific 
uman cytotoxic T-cell clones each recognizing the virus- 
duced lymphocyte-detected membrane antigen (LYDMA) in 
ation with ‘one particular HLA-A or -B determinant. 
s-specific cytotoxic T cells can be reactivated in vitro 
peripheral blood mononuclear cells from pre- 
seropositive) individuals with X-ray irradiated 
ilogous EB virus-transformed B-cell line at 
sponder: stimulator ratios'*'*. Such preparations 
entially eytotouc to the autologous stimulating line 
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eee ca shows that cytotoxic LT cells of this kind c can ‘be : 
established as continuously growing TCGF-dependent cell lines 
without loss of antigen specificity or of HLA-restriction 
(L.E.W., M.R., A.B.R. and M.A.E., in preparation). E 
In the present experiments, EB virus-specific cytotoxic. T 
cells prepared by in vitro reactivation from seropositive donor 
SW (HLA-A11, AW24, B7, BW35) were immediately trans- 
ferred to TCGF-medium with an equal number of X-ray irradi- 
ated cells of the autologous EB virus-transformed cell line 
SW-EB, as feeders. Foci of proliferating cells appeared within. 
3 days and the resultant T-cell line, maintained thereafter by 
twice weekly subculture with feeder cells as above, showed a 
pattern of EB virus-specific HLA-A and -B antigen-restricted 
cytotoxicity identical to that of the original reactivated prepar- 
ation. The results in Fig. 1 show that strong killing of the — 
autologous cell line by TCGF-dependent effector cells was not. 
accompanied by any significant reactivity against EB virus 
genome-negative human leukaemic cell lines HSB2 and K562, = 
included as indicators of natural killer (NK)-like activity. = 
Furthermore, lysis of allogeneic EB virus-transformed cells was 
particularly strong when associated with either HLA- “ALL 
(target CM) or BW35 (target EG) antigen matching and proso: 
gressively weaker with matching through B7. (target JT) and 
through AW24 (target TH). This pattern. of HLA. -antig 
‘preferences’ has been observed. reproducibly in. reactiv 
cytotoxic preparations from donor sw, | 
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Fig. 1 EB virus-specific, HLA-A and -B antigen-restricted 
effector function of a TCGF-dependent cytotoxic T-cell line estab- 
lished from donor SW (A11, AW24; B7, BW35). Effector T cells 
were first obtained by culturing peripheral blood mononuclear 
cells for 10 days with X-ray irradiated cells of the autologous EB 
virus-transformed cell line (SW- EB) at 2 responder : stimulator 
ratio of 40:1 as described elsewhere'*’*. Thereafter the T cells 
were cultured i in 2 ml Linbro wells at 2 x 10° cells. per well together 
with 2x 10° X-ray irradiated SW-EB cells per well in TCGF- 
medium (RPMI 1640 supplemented with’ 10% fetal calf serum 
and | 25% TCGF prepared according to the method of Inouyé et 
al.**), Cells were collected every 3-4 days and recultured together 
with fresh stimulator cells in TCGF-medium as above. Thirteen 
days after their original exposure to TCGF, some of the cells were 
collected and incubated overnight in TCGF-free medium to 
remove any residual lectin. Their effector function was tested in 
a chromium release assay, against the autologous EB virus-trans- 
formed cell line, against a range of allogeneic EB virus-trans- 
formed cell lines whose degree of HLA-A and -B antigen- 
matching with the effector cells was as shown, atid against EB. 
virus genome-negative cell lines HSB2 and K562 included as. 
indicators of NK- like activity. Results are expressed as. percenta x 
specific lysis of °'Cr-labelled target cells in a 5-h aa at ar 
effector: tage! ratio of 10: i; 
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| ) (ALT, (A2, (A2 
a oo AW24,; A3; All; 
Monoclonal —— B7, (All,  BW35, B7 
antibody BW35) BW35) BW4)) BW44) | 
oe wow 29 68 75 2 
W6/32 (ref. 21) 2 15 23 13 
Leu 2a {refs 22, 23) 0 15 16 6 


Results. of a chromium release assay, conducted as described in Fig. 

1, using clone G9 effector cells and EB virus-transformed target cells 

from donors whose HLA-A and -B antigen type was as shown. Levels 

< Of percentage specific lysis seen in the standard assay are compared 

with those seen when target cells were first pretreated for 20 min at 

37°€ in the assay wells with a saturating concentration of W6/32 

(1:200 final dilution of a purified immunoglobulin preparation) and 

-with those seen when effector cells were first pretreated, again for 

20 min at 37°C in the assay wells, with a saturating concentration of 
Leu 2a (1: 200 final dilution of serum /ascites). 


© On day 12 following transfer of the effector cell preparation 
nto TCGF-medium, a sample of the cells was cloned at 0.7 
cells per well onto a feeder layer of X-ray irradiated SW- EB 
lis in U-shaped Microtest plate wells. The cultures were 
maintained with regular supplements of TCGF-medium and, 
after 2 weeks, those showing active growth were subcultured 
“into replicate U-wells. Some of these replicate cultures provided 
effector cells for a preliminary screening assay of cytotoxicity 
: against SW-EB and against HSB2 target cells. Of the 55 clones 


Fig. 2 EB virus-specific i 
 @ffector function of: a, E 
` clone C2, and b, clone G9 $ 
_. derived from the TCGF- = 

: dependent cytotoxic T- g 

cell line of donor SW 2 20 

- described in Fig. 1. Clon- an 

ing was performed at an ar 


average of 0.7 cells per 
well seeded into U- 
“shaped Microtest plate _ 
< wells (Sterilin) containing . E l 
25x10 X- -ray irradiated — oo. 80 
~ SW-EB cells in TCGF- 

~~ medium, The cultures — 
were re-fed with fresh Perret 

TCGF-mediumevery3-4. a "T 


Farget cells Sw SF CM GB 586 


70.- 





s 

days and those. showing 3 z Si 
active growth were first o K 
subcultured after 2weeks o io coso gs ag 3 
and thereafter expanded Bo 
into cell lines by regular’: 9 38 ag oo 
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irradiated SW-EB cells ino caac egg 
fresh. TCGF-medium. oo oo 
>. The cloned cell lines were. oe yg de 

tested in’ chromium 


= = release assays, exactly as ee e Ds A 
5 described i in Fig. 1legend, pe = _Tatoet cells.” 
Bs for -eytoxicity against th e oo 
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- Results obtained with: effector cells frei clone c2 are ius- 
trated in Fig. 2a, showing a representative range of targets only, 
and strongly suggest specificity for the viral antigen LYDMA | 
in association with HLA-A11. In the tests overall, clone C2“ 
killed 8/8 EB virus-transformed cell lines from donors typed 
as HLA-A11 but did not kill any of 15 corresponding lines 
from All-negative donors even though. many of. these. did 
possess AW24, B7 or BW35 in common with the effector cell 
donor SW. Moreover there was no lysis of EB virus genome- 
negative target cells, whether the NK-sensitive cell lines HSB2 
and K562 or mitogen-stimulated lymphoblasts from autologous. 
and from Ali-matched donors were used. Two further clones, 
G13 and H8, gave results very similar to those obtained with 
clone C2. Another clone, G9, when tested against the same 
range of target cells, gave a different pattern of reactivity (Fig. 
2b) suggesting specific recognition of LYDMA in association 
with HLA-BW35. Overall, clone G9 cells killed 9/10 EB virus- d 
transformed target cell lines from donors typed as HLA-BW35 
but none of the 11 corresponding. lines tested from BW35- 
negative donors nor any of the relevant EB virus genome- 
negative target cells. E 

Previous studies have shown that EB virus-specific cytotoxic 
T-cell function can be blocked (1) by pretreatment of the target- A 
cells with saturating concentrations of monoclonal antibodies 
(such as W6/32) which bind to a framework determinant com- 
mon to all HLA-A, -B and -C antigen molecules’®, and (2) by - 
pretreatment of the effector cells with the cytotoxic/ supp essor 
T-cell-specific monoclonal antibody Leu 2a (L.E.W., M.R., 
A.B.R. and M.A.E., in preparation). The data in Table 1 clearly 
show that lysis of EB virus-transformed HLA-BW35-bearing 
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1g by these monoclonal antibodies. This adds 
to the view that G9 is indeed a clone of HLA- 
‘otoxic T cells. In this light, the inability of G9 cells 
ell line from donor HB (HLA-A3, AW24, B14, 
¿most interesting result (Fig. 2b), particularly as this 
xpress all four relevant HLA antigens (as defined by 
gical typing) and was shown in other tests to be sensitive 
.YDMA-specific cytolysis by HLA-B1i4-matched effector 
cells (unpublished results). Whilst one could argue that prefer- 
ential association of LYDMA with HLA-B14 (and possibly 
-with A3 and AW24) on the HB target cell surface might explain 
_ the cells’ insensitivity to BW35-restricted effector cells, it might 
alternatively be that donor HB possesses an unusual ‘split’ of 
BW35 which effector T cells can distinguish but which is not 
“recognized by current typing sera. Studies with influenza virus- 
-specific human cytotoxic T cells have recently provided 
examples of this phenomenon within the serologically defined 
< antigens HLA-A2 and A3", 
- Clonal analysis of cytotoxic T-cell preparations in vitro was 
‘first achieved i in the H-Y antigen-specific mouse model system’? 
ind has more. recently been investigated using this same anti- 
__gen-specific system in man”. The present report describes the 
- first successful application of this technique in studying the 
© human cytotoxic T-cell response to a natural pathogen. The 
Its show that the response to EB virus is indeed polyclonal 
individual reactivities recognizing the viral target antigen 
_ in the context of one particular HLA determinant. Since EB 
a irus-specific effector T-cell preparations can be made from 
most previously infected individuals, it should be possible to 
establish a library of cytotoxic clones to cover the full range of 
HLA-A and -B antigen restrictions. Monospecific reagents of 
could not only facilitate the biochemical analysis of 
xic T-cell function but also prove even more valuable as 
‘or HLA-A and -B antigen polymorphism. 
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gene alone or with the tk gene together with a cloned L“ or 


_ kinase (TK) activity and screened for the expression of L or . 
= K! molecules by radioimmunoassay with monoclonal anti- — 

` bodies. The expression of L* and K“ was confirmed by two- 

- dimensional gel electrophoresis. In this manner we generated 


__ haplotype do not appear to express L antigens. 
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The major histocompatibility complex (MHC) of the mouse, 
H-2 on chromosome 17, contains several families of genes — 
encoding cell-surface molecules which have a role in mediating 
immune responses'’. The class I genes encode a family of 
homologous membrane proteins including the transplantation 
antigens K, D and L. These antigens reflect extensive genetic 
polymorphism which is apparent in the many different class I 
gene constellations or haplotypes found in mice (for example, 
BALB/c mice exhibit the H-2° haplotype and their class I. 
molecules are denoted K*, D” and L°). Transplantation antigens 
serve as targets for T-cell killing i in allogeneic immune responses 
such as in vivo graft rejection” and destruction of allogeneic 
cells by cytotoxic T cells in vitro*. However, the physiological 
role of transplantation antigens may be to serve as restricti z 
elements in virus-mediated T-cell killing of infected self cells. D 
Virus infection of mice generates killer T cells whose receptors 
must interact with the foreign viral antigen and a class I molecule 
or restricting element for the cytotoxic effector function to be 
activated**. Thus the T-cell receptor recognizes the viral anti- 
gen in the context of a class I molecule. To study the interaction 
between the T-cell receptor and the class I restricting element, 
we have used the mouse L-cell transformant 8-5 which 
se resses L° molecules’ and the K7-65 transformant expressing 

K” molecules (R.S.G. et al., in preparation). Mouse L cells ar 
fibroblasts derived from C3H mice of H-2* haplotype and 
monoclonal antibodies can be used to distinguish H-2 
molecules from the endogenous H-2* products. Recently, we 
have demonstrated that both L° (ref. 8) and K° molecules 
(unpublished data) expressed on transformed L cells can act 
as target antigens for alloreactive cytotoxic T lymphocytes. 
Here we show that the L° molecule on transformed mouse L 
cells can serve as a restricting element in lymphocytic 
choriomeningitis virus (LCMV) infection, whereas its K* 
counterpart cannot. 

Recently, we described (ref. 7 and R.S.G. et al., in prepar- 
ation) the production of L-cell transformants expressing L“ and 
K* molecules. Briefly, thymidine kinase-negative (tk~) L cells 
were co-transformed with the herpesvirus thymidine kinase 


K* gene. The transformed cells were selected for thymidine: 


three types of tk” target cell—those expressing K* and D* 
molecules (L-tk* cells), those expressing. K*, D" and K° 
molecules (K7-65 cells) and those expressing K*, D* and Lt. 
molecules (8-5 clone), Note that mice (or cells) of the H-2" s 












C3H and BALB/c mice were infected with LCMV to. gener- : 
ate cytotoxic T cells, and spleen cells is from inmanized mic 
were i age ina a 4- h ’ o | A kt a 
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: Fig. 1 ‘Killing of LCMV-infected L-cell transformants by, spleen 
ells from aa Cel C3H (H-2* o Ba R c 2” a 






oed by ea using mono- 
scribed previously’. Target cells were infec- 





tr rypsinized, washed, ‘and labelled tar 1 h at 


























f the. ao were removed anid’ tounied in a y-counter, 
Per cent specific lysis was calculated according to the for- 
mula: ¢.p.Miexp — GPM cpon/C-P-M max 7 CP-M.spon X 100, where 
cpm. ‘spon (spontaneous) and ¢.p.M.ma, (maximum) were. deter- 
: mined in cultures containing medium or detergent, respectively; 
L$ C.P.Mexps C.p.m. (experimental). The s.e.m. never exceeded 5%. 
.. The figure shows results for spleen effector cells from a, LCMV- 
infected C3H/Bang mice, and b, LCMV -infected BALB/c mice. 
Target cells: W, 8- § (L9)-LCMV; ©, 8-5, uninfected; A, L-tk*- 
LCMV; A, L-tk*, uninfected: @, K7-65 (K°)-LCMV; ©, K7-65, 
uninfected; @, 'Nulli-2A-LCMV; ©, Nulli-2A, uninfected. 
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We then raised cytotoxic Papok to > LCMV i in C-H-2 


: m2r mice a neither LCMV -infected 8 8-5 (EDL nor Lik 


antigen serologically related to the L* p 


conventional mutants are selected only for altered T-cell rec- 


Cris in 0. 5 mi RPMI a ee with 10% - : 


<- Nulli-2A teratocarcinoma cells, which do not express class I 

< molecules’, nor uninfected target cells. These data demonstrate. 
that LCMV-specific T cells from C3H mice require the viral 
antigen and a K* or D* restricting element. In contrast, LCMV- 
Testricted cytotoxic T cells from BALB/c mice killed LCMV- 
nfected 8-5 cells but not.any of the other target ceils (Fig. 1b). 
‘hese data demonstrate that BALB/c mice can use the L° but 
jot the K“ molecule asa T-cell restricting element in response 
o LCMV. This is consistent with- reports on other H-2- 
estricted systems which claim that L* can act as a het 


tice. These are mutant mice of the H-2“ haplotype which ia il | 
to express an L? molecule'*'*, Cytotoxic lymphocytes from the 2 
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exi ress an LY 
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T-cell receptor seems to interact with that portion: of the Ba E 
antigen which distinguishes: it from its L° counterpart. ee 
We further tested the specificity of the L° restricting element 
in LCMV-infected. 8-5 cells by inhibiting the T-cell lysis of 
these cells with specific antibodies. Two L*-specific alloantisera 
were raised by i immunizing C3H mice with 8-5 cells as described 
in detail elsewhere’, and by immunizing C-H-2°”* mice with ` 
BALB/c spleen cells. In addition, we used two. monoclonal 
anti-L® antibodies (28-14-88 and 4-9.4), a monoclonal anti-D° — 
antibody (34-2-12), a monoclonal K* antibody (6-27.10) and 
normal mouse serum. The results of these experiments are 
shown in Fig. 3a, b. All antibodies directed against the L° { 
molecule inhibited the LCMV -restricted cytotoxic T-cell killing ae 
of the L%-transformed' 8-5 cells. In contrast, normal mouse 
serum as well as monoclonal antibodies to the D° and K? 
antigens, did not inhibit this cytotoxic T-cell reaction. These. 
data again. suggest that the L° molecule serves as a typical : 
restricting element in LCMV -induced T-cell. killing. : 
Thus, the gene transfer procedure results in the expression 
of class I molecules which are. inserted i in the membrane ofa 
transformed cell in a normal manner so that they can ac 
restricting elements for virus-induced cytotoxic T cells, An 
analysis of various viral infections using the different trans+ 
plantation antigens should allow us to delineate the roles of 
the class I molecules in specific virus infections. Moreover, this 
system, together with in vitro mutagenesis, ‘should allow us to 
elucidate the nature of the interactions between the T-cell. 
receptor and class I molecules. The major advantage of in vitro. - 
mutagenesis is the ability to generate mutants that carry alter- E 
ations in specific regions of the class I molecules. In contrast, 
























ognition. Thus, our ability to transfer normal and altered class 
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Fig. 2 Killing of. LCMV-infected L-cell transtorm ants by spleen 
cells from. different LCMV-infected mouse strains. For experi- 
mental details see Fig. 11 legend. Spleen effect cells from LCMV- 
infected mice: a, C-H-2°" am? (17.24 mutant): b, BALB/ c (H-24%); 








T C3H/Bang (H-2*); d, B10.Q (H-2°). Target cells: @, 8- 5 
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Fig. 3_ Inhibition of H-2-restricted LCMV -specific cytotoxicity 
cocby antibodies directed against different H-2 antigens. Various 
“antisera or monoclonal reagents were added at the start of the 
Cr-release assay in the dilutions shown. The cytotoxic reaction 
inhibited was that of LCMV-infected BALB/c spleen cells against 
CMV-infected 8-5 cells. Per cent inhibition was calculated as 




























X % Specific lysis in the presence of antibody 


= x 100 
Ny specific lysis in the absence of antibody 


7 “and b show two separate experiments: a, 30.5% lysis in the 
"absence of blocking antibody at effector/target ratio of 50:1. 
= Blocking antibodies: O, C3H/Bang anti-8-5 alloantiserum; A, 
= 28-14-88 (anti-L* monoclonal antibody); @, 4-9.4 (anti-L® mono- 
clonal antibody); A, 34-2-12 (anti- D* monoclonal antibody); and 
C, normal mouse serum. The specificities of these monoclonal 
dies are described elsewhere®'*. b, 41.0% Lysis in the 
ce of blocking antibody at effector/target ratio of 100: 1. 
ng antibodies: M, C-H -27 anti-2BALB/c alloantiserum; 
t-8S (anti-L° monoclonal antibody), C, 6-27.10 (anti-K° 
1onoclonal sab OH): and *, normal mouse serum. 








nes into foreign cells provides us with one of the first 
opportunities to elucidate the molecular basis of cell-cell 
interactions. 

`. This work was supported by NIH grants GM 06965, CA 
22662, CA 26199 and CA 25911. We thank Drs David Sachs 
Ted Hansen for monoclonal antibodies and antisera; Dr 
ger Melvold for supplying the C-H-2% mice and Dr Peter 
‘or the Nulli-2A cell line. R.S.G. is a Senior Lievre Fellow 
California Division of the American Cancer Society. 
is a recipient of a National Arthritis Foundation Post- 
toral Fellowship. R.C.H. and P.R.B. are supported by 
RSA-NS-07149 and J.A.F. is the recipient of an American 
a cer. Society Faculty Research Award. 





i és Rédeived 33 March: accepted 14 April 1982. 


E Klein, J. Science 203, 516-521 (1979). 
2. Snel, G. D. Science 213, 172-178 (1981). 
3. Snel, G Du Dausset, J. & Nathenson, S. (eds) Histocompatibility (Academic, New York, 
1976), 
« Alter, B. J. et al. J. exp. Med. 137, 1303-1309 (1973). 
» Doherty, P. C. & Zinkernagel, R. M. J. exp. Med. 141, 502-507 (1975). 
; Zinkernagel, R. M. & Doherty, P, C. Adu. Immun. 27, 51-177 (1979). 
Goodenow, R. S. et al. Science. 248, 677-679 (1982). 
: Woodward, J. G. eral. Proc. nam. Acad. Sci. U.S.A. (in the press). 
Stem, P., Martin, G. R. & Evans, M. J. Cell 6, 455-465 (1975), 
; Bidäison, W. E., Hansen, T. H., Levy, R. B. & Doherty, P. C. J. exp. Med. 148, 1678-1686 


Seow Roe 


landen, R. Va McKenzie, 1. F.C., Kees, U., Melvold, R. W. & Kohn, H. L J. exp. Med, 
ne oan: 









Sensitivity yand resistance of human 
tumour cells to interferon and rI,'rC, 


Stanley L. Lin*, James J. Greene & P. O. P. Ts'o 


The Johns Hopkins University, School of Hygiene and Public 
Health, Division of Biophysics, 615 North Wolfe Street, Baltimore, 
Maryland 21205, USA 


W. A. Carter 


Herbert L. Orlowitz Institute; Hahnemann Medical College and 
Hospital, Philadelphia, Pennsylvania: 19102, USA. 7 i 




















Interferon exerts, in addition to its, well recegolked antiviral 
activity, an antiproliferative effect? and has been found to 
reduce plasminogen activator secretion’, to re-establish contact 
inhibition’ and to inhibit the growth in semi-solid agar’ of 
neoplastic cells. Double-stranded RNA (dsRNA) is both an _ 
interferon inducer and an activator of two interferon-induced _ 
enzymes, a protein kinase and a 2’,5’ oligoadenylate synthetase’, 
However, the molecular bases for the antiproliferative and 
antineoplastic effects of interferon, and their relationship to. _ 
dsRNA, are unknown. We have now characterized the antipro- 
liferative effects of interferon and dsRNA on the human 
HT1080 fibrosarcoma” and Paige epid ermal car i 





retained aae to to the a, The interfe effects of T a 
as to me EEr A eiten = dsRN A. 












were eas of pea fariation. m 
medium (1,000 IU mi~’). There was. no. 

colony size or cell morphology between co: 
treated cells. The frequency: distributio 


exhibited a variance of T 73. “The variance of the distr bution 
of the number of colonies i in a large single culture (v2, random: 
sampling control) was 2.04. After correction for the _ 
random sampling control, the variance-to-mean ratio [vims 
(vı — v2)/ mean] of the frequency distribution of the number of . _ 
resistant colonies obtained from the series of cultures was 0.15.. 
In contrast, when RT4-1 cells were similarly treated, interferon- __ 
resistant colonies arose at a frequency of 0.11%, 30-40-fold) 
less than the frequency observed for HT1080-2 cells (Table 1). 
However, the v.m.r. of the distribution obtained from the series 
of 10 sister cultures was low—0.31. Simultaneous examination _ 
of the HT1080-2 cultures for acquisition of 6-thioguanine. 
resistance (6TG’), an acquired trait of known spontaneous 
Origin, resulted in a corrected v.m.r. of 6.79 (Table 1). The 
high v.m.r. is indicative of a randomly acquired trait and indi © 
cates that 16 population doublings were sufficient to distinguish © 
between randomly and non-randomly acquired phenotypes. 
Using the Po method of Luria and Delbrück’, a mutation rate’ 

of 1.8 x 107° mutants per cell per generation can be calculate 3 
from the values presented in Table 1 for the acquisition o 
6TG'. This rate is consistent with known mutation rat 
obtained for various loci in other systems'°, and thus verifies 

our procedure, 








* Present address: The Rockefeller University, 1230 York see New ry. 
10021, USA. a 



















concentrations cana seein in peers ‘cessation ‘of 
growth (Fig. 1a, c). However, consistent with the notion that 
IFN’ is an induced trait, resistant colonies reverted to a sensitive 
- state, albeit after varying lengths of time. One clone of HT1080- 
i JFN cells retained the resistance trait after 4 weeks growth in 
_interferon-free medium and reverted to a sensitive state by 15 
` weeks after removal of interferon from the culture medium 
(Fig. 1a), whereas a clone of resistant RT4 cells was fully 

resistant to interferon immediately after isolation, but reverted 
completely by 4 weeks after removal of interferon from the 
culture medium (Fig. 1c). When used as assay cells to titre an 
identical solution of interferon by the dye uptake method of 
Finter'’, resistant cells during their resistant state were at least 
-as sensitive as their parental populations to the antiviral effects 
=- of interferon when vesicular stomatitis virus was used as the 
challenge virus (Table 2), suggesting that resistance to the 
-antiproliferative effects of interferon do not necessarily corre- 
~ Jate with changes in sensitivity to its antiviral effects, It should 
= be mentioned, however, that different viruses can be affected 
by different mechanisms pertaining to the antiviral state”, 
In view of the participation of dsRNAs in the establishment 
of the antiviral state and the toxicity of exogenous dsRNA `F, 
we characterized the sensitivities of the interferon-resistant 
lines towards the antiproliferative effects of the synthetic 
‘dsRNA, ri, -rC,, (Fig. 1). Resistant lines of both HT1080-2 
(Fig. 15) and RT4-1 (Fig. 1d) displayed the same sensitivity to 












Table 1 Laria- Delbrück fluctuation anala for the acquisition of interferon 








resistance 
HT1080 RT4 
IFN' colonies OTG colonies IFN colonies . | 


Culture per 10° cells per 10° cells per 10° cells | 
i 39,3 7.6 126 
2 36.9 2.4 145 
3 38.2 6.1 127 
4 35.7 14.2 127 
5 41.1 0.0 97 
6 42.5 0.0 102 
7 44.6 18.0 96 
8 39.1 0.0 119 
9 37.1 2.5 122 
10 35.9 2.7 108 
Variance 7.73 35.25 224.09 
— Mean 39,04 5.35 116.90 
: Random sampling \ variance 2.04 0.16 187.40 
-Corrected variance/mean 0.15 6.56 0.31 





‘grow, The resultant monolayer was detached from the plate by trypsinization 
and was transferred to a 75cm? flask for serial propagation. Cells comprising 
the resultant confluent: monolayer were detached by trypsinization and 10 


‘per dish. On reaching confluence, the total number of cells from each culture 
< was detached by trypsinization and transferred to a separate 75 cm?’ flask to 


from initial establishment of the independent cultures, confluent monolayers in 
o°9% em? flasks were detached by trypsinization and the frequency of IFN" cells in 
| “gach independent culture determined by placing cells in liquid medium containing 
< HuIFN-6 at a plating density of 1 x 10* cells per 100mm dish. Fluctuation analysis 
“for the acquisition of 6TG" was simultaneously performed using selective condi- 
tions described previously”, An RT4 clone was isolated by the agar overlay 
‘method described in ref. 23, transferred to a 35 mm dish containing 2 ml growth 
“medium and then handled in identical fashion to the HT1080 clone. RT4 cells 
were plated at a density of 1x 10° cells per 100 mm dish in interferon-containing 
medium. Selective medium consisted of growth medium containing HuIFN-8 
è HulFN- @ ata plating density of 1x 10° cells per 100 mm dish. Fluctuation analysis 
or 6TG (3 pg ml” ')” Results shown are corrected for plating efficiency. Random 
sampling variance was determined by analysing the frequency distribution obser- 
“ved in a single large culture in the same. way as for independent cultures. 


: variance from the variance of the independent cultures before division by the 
: mean. IFN-B (fibroblast-derived) used in these studies had specific activities of 
"2x10" (HEM Research, Rockville, Maryland) to 2x10 (Dr WA, Carter) IU 


“phenyl-Sepharose affinity chromatographies™*. 


Cell no. per dish (x 1074) 


“T1080 cells were cloned in semi-solid agar as described by Laug er al’. A : 
vigorously growing colony was isolated and transferred to a 35 mm dish containing 
-2 mi growth medium, disbursed by repeated pipetting and allowed to attach and ` 


independent cultures were initiated by inoculating 10 35 mm dishes at 100 cells | 


maintain the 10 cultures independently. After a total of 16 population doublings 


. Correction for sampling error was performed by subtracting the random sampling 


per mg protein after purification by sequential concanavalin, A-Sepharose =. E 






























































| 2 ° 3 
Days post treatment ene 
Fig. 1 Heritability of resistance to the growth inhibitory effects - pe 
of interferon, and effects of ri, ‘rC, on the growth of IFN" cells = 
in culture, Colonies g growing in interferon-containing medium 
were isolated and grown in the presence of medium containing 
1,000 (HT1080) or 100 (RT4) IU mi’ HulFN-8. After ~16 
population doublings, HulFn-8 was removed from the culture 
medium and cells were examined for interferon resistance at 
various passages after growth in interferon-free medium (a, c) or 
for sensitivity to rla-rC,,-mediated. toxicity. (a) Growth of 
HT1080-IFN®. cells i in the absence (@) or presence of HulFN-B 
(1,000 IU mi~’) after culture for 4 (A) and 15 weeks (a). AM oy Oe 
interferon-free_ medium; (c), growth. of RT4-IFN" cells in the 
absence (@) or presence of HuIFN-8 (100 IU mi?) after: culture i 
for-0 (A) and 4 (A) weeks in interferon-free medium. For measur- 
ing dsRNA-mediated toxicity, 5 x 10* (HT1080-IFN’)or 1x10 
(RT4-IFN') cells were plated out per 35 mm dish and allowe 
attach overnight. The following day (time 0),. cell number per dish 
was determined, remaining monolayers were refed with various — 
concentrations of rl, -rC,, and cell number per dish was determined 
every 24 h thereafter. (b), HT1080-IFN’ cells grown in 0 (@), 
0.1 (0), 0.2 (a), 0.5 (A and 2.5 (O) mM rI, -rC,,; (d); RT4-1 FN" 
cells grown in 0 (@), 0.1 (W), 5 0 (O) and 10.0 (O) pM rl, rCn 


ri,'rC„,-mediated toxicity as did their respective parental ~ 
HT1080-2 and RT4-1 lines (not shown). For HT1080-IFN" 
populations, 0.5-1.0mM rl, 'rC, was required to inhibit cell 

proliferation completely, with rl,,-rC, concentrations >1 mM 

producing marked cell death within 24 h. In these conditions, 

interferon concentrations secreted in the medium did. not 
exceed 3 IU ml”. Detectable rl, -rC,,-induced toxicity in RT4- 
IFN" cells was observed at concentrations. as low as 0.14M, 
with no induced interferon being detectable in the medium. 
However, in contrast to the prolonged cytotoxic effect observed 
in HT 1080-2 cells, some clones of RT4-IFN’ cells could recover _ 
from dsRNA-mediated toxicity after 24 h and exhibit the same 
growth rate as before treatment. This recovery was not the 
result of rapid degradation of rI„ rC, as re-addition of rI, rC, 
to the culture medium at 24 or 48 h did not alter the recovered 
growth rate (data not shown), Addition of antisera, directed _ 
against HulFN-6 (final concentration 100 neutralizing units © 















| _ per ml), to the culture medium of rl, -rC,,-treated cells did not 


reduce or otherwise alter the extent of cytotoxicity induced by -© 
rI, rC, (not shown), suggesting that low interferon concentra- T 
tion was not invelved in rI, -rC,,-mediated toxicity. a 

The Luria-Delbr ick fluctuation — analysis, originally - 
developed for microbial systems, provides : a statistical method- 
ee the e acgaisition ofa a y certain phenotype. ad a population ` 













ity of IFN* and IFN’ lines to the antiviral effects of | 
interferon 







Phenotype 


IFN® 1.5 

080. IFN’ 4.5 
4-1 IFN‘ 30.2 
RT4-4 IFN‘ 28.0 







Confluent monolayers (1.5 cm diameter) of IFN? or IFN’ cells from 
both HT1080 and RT4 lines were used as assay cells for the titration 
f a stock solution of interferon (concentration 50 IU m”, using the 
dye uptake method of Finter? with vesicular stomatitis virus as the 
challenge virus. 


of cells can be determined to be random (spontaneous) or 
non-random (induced). When a series of separate cultures, all 
initiated from a single clone, is allowed to undergo a suitable 
-number of population doublings, the variation of the frequency 
_of resistant colonies obtained in each culture will be large if 
sistant trait is randomly acquired, or small if the trait is 
on-randomly acquired. Theoretically, the v.m.r. will be <1 if 
trait is acquired non-randomly, or >1 if the trait is acquired 
: randomly. The acquisition of interferon resistance when ana- 
: ed in this. way; gabe V.IML.TS of <1, suggesting that inter- 























SH pported wa he demonstre oi eriei here, and A 
that resistant cells, previously sensitive to the growth inhibitory 
| effects of interferon, revert to a sensitive state. As no difference 
“in averse size was observed for colonies formed in control and 
rferon-containing medium, induction of resistance must 
ur rapidly, within 24-48h after interferon exposure. 
cells in the population might exist in either an 
ate, depending on their physiological or develop- 
ddition of interferon would both select for the 
on of pre-existing resistant cells and maintain the 
int trait. 

ur results contrast with those of Gresser et al.'’, who by 
_ similar analysis concluded that the resistance phenotype was 
= randomly acquired and appeared at a frequency consistent with 
.. somatic mutation. However, Gresser et al. obtained their high 
- “amr, from comparison of resistance displayed by different 
— clones isolated from a mass tumour cell culture. Recent observa- 
- tions that clonal isolates from a population of tumour cells can 
rary. widely in sensitivity to the antiproliferative effects of 
rferon’® indicate that such interclonal comparison cannot 
sed for determining the randomness of acquisition of inter- 
ron resistance. Moreover, the resistant cells we used, as 















© senaiivty to the antiviral effects. of interferon, indicakne that 
resistance was not due simply to the absence of an interferon 
receptor, and is consistent with previous reports where the 
antiviral state could be induced by interferon in Rous sarcoma 
virus-transformed human fibroblasts resistant to the growth 
inhibitory effects of interferon"*. 

Resistant cells retained a sensitivity towards dsRNA-induced 
toxicity that did not differ from that exhibited by the IFN" 
-parental cell lines. This is an important consideration in the 
< development of chemotherapeutic regimens for the treatment 
Of cancer with interferon and it suggests that interferon used 
-zin combination with dsRNA would be much more effective in 
_ the treatment of cancer than interferon alone. In addition, the 
ta argue against a role for the known interferon-induced, 
A-dependent enzymes in the antiproliferative effects of 
on. No reduction in interferon-mediated growth inhibi- 
s observed in mitogen-stimulated normal human fibro- 
¿with interferon for periods of up to 72 h (ref. 
yous subculture of a sensitive line of normal 
leh the pie of HulFN-8 for up to 6 











-and ieoplastic cells to acquire resistance to the growth inhibi 
` tory effects of interferon might be related to the mechanism 

















his difference between the ability of norm 


of uncontrolled growth characteristic of tumour cells. Further 
delineation of interferon-mediated growth inhibition could be 
important in elucidating a fundamental difference between nor- 
mal and neoplastic cells, as well as in establishing the molecular 
basis for the antiproliferative effects of interferon. 
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Although it was generally believed that corilodiopik (ACTH) 5 
maintained both the size of the adrenal gland and its level of | 
steroid production’, there. is a growing body of evidence fora. ; 
specific factor(s) distinct from ACTH which may be responsible 
for the stimulation of adrenocortical growth and proliferation. 
While direct neural influences have been proposed to be respon- 

sible for the compensatory adrenal growth following unilateral 
adrenalectomy’, several observations have suggested the 
involvement of peptides such as angiotensin’ and vasopressin‘, 
which have other hormonal effects, or, for example, fibroblast _ 
growth factor", which has more general mitogenic actions. 
Moreover ACTH inhibits cell proliferation in vitro®*, and 
physiological doses in vive cannot induce the compensatory 
growth and hyperplasia seen in the remaining adrenal gland 
after unilateral adrenalectomy’. These observations coupled 
with the lack of effect of chronic treatment with an ACTH |: 
antiserum on adrenal size*® and the existence of adrenal weight- 

maintaining activity in the plasma of patients with ACTH- 

secreting adenomas™’, have led to the search for a pituitary - 
factor related to ACTI H which is capable of stimulating adrenal 
growth. We now report that peptides derived from the N- | 
terminal non-y-melanocyte-stimulating hormone (MSH) pot- 

tion of the precursor of ACTH, proopiocortin, are potent. 
stimulators of adrenal DNA synthesis in vitro and mitosi 
vivo and may thus be involved in the physiological c cont 
adrenal one: | 
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Fig. 1 Diagram of the human N-POC peptides used in this study 
in relation to each other and to their precursor proopiocortin. The 
numbering has been. assigned from chemical characterization of 
isolated peptides" and cDNA” sequence data. The y2- and y3- 
MSH synthetic peptides were a gift from Dr Nicholas Ling. The 
hatched area corresponds to the region recognized by the anti- 
serum’ used in this study and the boxed CHO, the polysaccharide 
moiety. 


ACTH is derived from a precursor which contains lipotropin 








ontains a third melanotropin sequence (y-MSH)”. A human 


no 
naintaining adrenal weight and possesses weak melanotropic 


rom the adrenal cortex’ 


in the C-terminal part of the glycopeptide” 


to hypophysectomized rats were unsuccessful’, 














Group No. rats Adrenal weight Mitotic ratio 
Control 5 28.08 + 1.07 9.57 +0.21 
N-POC}j_28 5 32.5 +£0.737 3.39+0.48 
N-POC: 75 4 28.85+0.87 NS 0.814 0.32 
ACTH _24 5 30.86 1.01* 2.12+0.35¢ 





Adrenal weight was calculated per 100g body weight and mitotic 


= difference in mitotic ratio between N-POC, 2g- and ACTH,.24 -treated 
< animals was significant (P <0.05). There was no significant variation 


* P<0,05; FP <0.02; 4 P<0.01; FEEN 


(LPH)/endorphin as the C-terminal portion and an N-terminal - 
lycopeptide (N-POC) of some 100 amino acids (Fig. 1) which | 


uitary. glycopeptide (N-POC,.76) comprising almost all of the 
n-ACTH non-LPH/endorphin region, which is inactive in - 


ctivity'’, has recently been found to potentiate the ACTH- | 
induced secretion of glucocorticoids and mineralocorticoids 
* by increasing RNA synthesis'*. The | 
potentiation of steroidogenesis can also be demonstrated with | 
‘small synthetic peptides containing the y-MSH sequence found » 
. Initial attempts to | 
demonstrate adrenal weight maintenance with human N- 
POC 7s given either alone or with physiological doses of ACTH © 


The generation of an antiserum directed against the middle | 
‘portion of this peptide (residues 29-48)” allowed us to test its - 
effects on the adrenal in intact rats. Rats were injected daily 
for 7 days with the anti-N-POC antiserum, an antiserum which — 
eross-reacts fully with both ACTH and 8-LPH, or normal rabbit | 
‘serum. Thymidine incorporation was also measured in these » 
xperiments. as a more specific index of DNA synthesis. A 
decrease i in adrenal weight (14%) was observed in the anti-N- 


‘Table 1 Effect of POC peptides on adrenal growth and mitosis in vivo | 


“ratio was the number of mitoses per mm of adrenal cortex (containing ` 
.~4,000 cells)’. All groups were compared with control values. The — 


between the groups with respect to whole body weight. Ten week old | 
female Sprague-Dawley rats were implanted subcutaneously with Alzet ` 
“osmotic minipumps (model 2001) containing 1 mM acetic acid (control) . 
or 1mM acetic acid containing 100 pg mi~! of the appropriate peptide — 
and delivered to each rat at ~3 pg of peptide per day. Rats were | 
distributed randomly between cages and were allowed food and water ` 
ad libitum. On day 7, each rat was injected with colchicine (1 wg per 
- g body weight) and killed 6 h later. Adrenals were removed, weighed _ 

a fixed immediately in Bouins, prepared for histology in the usual 
way and stained using Feulgen’s method. Three mid-sections of whole — 
cortex of each adrenal (that is, a total of 30 sections per group) were — 
_ examined microscopically to calculate mitotic ratios. NS, not significant. = 

























































significant (results not shown). Howeve } in Fig. 2a, © 


there was a significant decrease j in “thymidine incorporation’ in 
the anti-N-POC antiserum- -treated group (B), whereas the anti- 
ACTH/LPH antiserum-treated: group (C) did not differ 
significantly from controls (A). The. efficacy of the anti- ,, 
ACTH/LPH antiserum treatment was shown by the: 
significantly lower levels of plasma corticosterone in this group. 
In preliminary experiments, however, we had’ also failed to 
observe any effects of several days’ treatment with N-POC,_7. 
in rats in vive using thymidine incorporation as the measure 
of DNA synthesis. This led us to suspect that N-POC,_7. could 
be a precursor for the mitogenic factor—this indeed appeared 
to be the case. Figure 24 confirms the absence of an effect after 
seven daily injections of the intact N-POC,.75.(E) but pretreat- 
ment of the peptide with trypsin revealed significant activity 
(F). In this experiment, dexamethazone blockade was used in 
order to preserve as fully as possible the endocrine status of 
the animals whilst avoiding the stress-induced release of 
ACTH-related peptides due to the daily injections. Recently" _ a 
we have purified and chemically characterized smaller frag- °" 
ments from the N-terminus of N-POC,_.7., including N-POC; -28 
and N-POC, «9, and have compared the effects of these peptides 
with synthetic y2- MSH, y3-MSH and ACTH on isolated adrenal . 
cells. Whereas yz and ys;-MSH had no effect in this system 
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Fig. 2 a, The mitogenic effects of seven daily injections of antisera. into roe 
3- week-old intact female rats. Group A received 0.1 ml per day of normal. 
rabbit serum (NRS), group B 0.08 mi anti-N-POC antiserum and group C 
0.05 ml of anti-ACTH/LPH antiserum. Six animals were used in each 
group. Two hours after the last injection, the animals were killed and blood 
collected for corticosterone estimation. Pairs of adrenals were removed, 
quartered and incubated in 0.5 mi HeLa medium containing 1 Ci °H- 
thymidine for 3h. The glands were then homogenized at 4°C and tri- 
chloroacetic acid (TCA) added to. a final concentration of 10%. After 
centrifugation the precipitate was washed three times with ice-cold 10% 
TCA and then redissolved in 0.3 ml 0.1 M, NaOH. Samples were taken for 
scintillation counting and DNA estimation”? and results expressed as c.p.m. 
per ug DNA. Group B is significantly different from. both the NRS and 
anti-ACTH/LPH antiserum groups (P< 0.01). Corticosterone concentra- o oca 
tions (4g per 100 ml) in each group were: A, 15.243.1; B, 13.421,9;€, 005 

9.4+12. The anti-ACTH/LPH antiserum was raised in sheep by immunize ; 
ation with ACTH, a coupled to bovine thyroglobulin by glutaraldehyde = o 
Using radioiodinated ACTH, 49 as label, a+MSH, B-MSH, -EPH ando © 
y-LPH showed fall molar cross-reactivity in a radioimmunoassay using this 
antiserum at a ‘inal dilution of 1:12,000. b, The mitogenic effects of 
N-POC, 4. and trypsinized N-POC, -s on the adrenals: of 7-week-old 
female rats. Ten animals were used in each group and dexamethasone 
blockade was achieved by adding the compound (10 ag mi~ to the drink- 
ing water at the start of the experiment. Group E received seven daily | 
injections of 5 ug N-POC in 10 pl saline. In group. F, N-POC,_,, (0,5 mg) ` 
was treated with DCC-trypsia-at a concentration of 1: 200 (enzyme/peptide) © 
for 2h in Imi 10mM.- NaHCO, at 37°C, and was then diluted 10 times 
with saline and stored at -20 °C. Rats received the same amount of peptide 
as in group E. The saline used for the control group (D) had incubated, 
heat-treated DCC-trypsin. added to it equivalent to that used to digest the 
injection material in group F, Two ‘hours after the last injection, the animals `~ <. 
were killed and the adrenals treated as in a. ‘Thymidine incorporation in > 
group F was significantly higher than in contro! (D).and intact N-POC,_4.- 
treated groups (P< 0,05). Corticosterone concentrations {ug per 100 ml) 
were significantly een in all groups: D, 6. Sel 2. a, 74+0.6; F, 

-o itg. 
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R Fig. Ss. ‘Dose-response curves of N-POC peptide-mediated stimu- 
_ lation of ' *H-thymidine incorporation into DNA of dispersed rat 
adrenal cells. Cells were prepared as described previously”. 
pproximately 10° cells were distributed into each vial containing 
ml of HeLa medium containing 0.2% bovine serum albumin 
A j and 0.2% lima bean trypsin inhibitor (LBD. Cells were 
bated for 3 h before addition of N-POC peptides. After a 
h incubation, 1 pCi of *H-thymidine was added to each 
| incorporation was allowed to proceed for 6 h. Cells were 
centrifuged (100g, 10 min), washed with fresh medium and 
cated in 0.5 ml ice-cold 12% TCA after addition of 100 pg 
BSA to each vial as carrier. After washing with 10% TCA the 
. - precipitate was redissolved in 0.1 M NaOH and treated as for 
Fig. 2. Control cells gave 2,108 + 235 c.p.m. 
























sults not shown), both N-POC,_2¢ and N-POC_s59, at 107°- 
elicited a dose-dependent incorporation of thymidine 
; the larger peptide being more potent (Fig. 3). 
6 ' had little effect at the highest dose assayed and 
H inhibited thymidine incorporation in a dose-related 
jer. The synthetic y-MSHs are very weak steroidogenic 
nts and N-POC, -28 and N-POC,_<» are devoid of this activity 
n the isolated adrenal cell bioassay. 
_.. The availability of the smaller N-POC peptides also allowed 
- us to test their adrenal action in vive and to exclude the 
= possibility of artefacts in the thymidine incorporation assay 
< caused by possible changes in the endogenous adrenal 
thymidine pool size in treated animals. In these experiments 
we used implanted minipumps to administer the peptides and 
hus achieved a continuous stimulus over 7 days while com- 
ely: preserving the endocrine status of the animal. After 1 
‘treatment there was no significant difference between 
he N-POC, 7, and control groups with regard to either adrenal 
weight or mitotic index (Table 1). The N-POC, _25-treated 
group, however, showed a highly significant increase in adrenal 
_ weight and mitotic index and seemed more potent than the 
- ACTH,_24 group in both respects (Table 1). 
Thus although ACTH can be shown to be mitogenic in vivo 
(ref. 1 and Table 1), it initiates a different process of cellular 
growth in vivo and inhibits the hyperplasia seen in the remaining 
-- adrenal after unilateral adrenalectomy’. It also inhibits cell 
-proliferation in vitro (refs 6-8 and Fig. 3). This, coupled with 
_ the observations that anti-ACTH antiserum treatment does not 
lead to adrenal atrophy (ref. 10 and Fig. 2a) or affect the 
compensatory adrenal hyperplasia in unilateral adrenalec- 
_ tomy'’, argue against ACTH as the physiological mitogen. 
owever, the peptides derived from the N-terminal non-y- 
region of proopiocortin used in the present study were 
both: in vivo and in vitro and thus may resemble the 
a mitogenic hormones. The extensive conservation 
din the N-POC region from cDNA sequence 
uman” and bovine material is confirmed in a 
‘ative immunohistochemical survey, which shows 
POC antiserum used in our study immunostains 
corticotropes and melanotropes of a variety of verte- 



































- brate species” including ‘fish’ - 





Iso suggests a 





role for this region. 
The need for cleavage of. ‘the N-POC region hefore 
mitogenic activity can be expressed suggests an interes 
control mechanism. Chemical”, biosynthetic and physiologic 
studies” have indicated that the main molecular form of t 
corticotropin i in blood may be similar to the intact N-POC,.46, 
which is inactive as an adrenal mitogen. The antiserum experi-— 
ments, however, would suggest either secretion of smaller frag- 
ments of N-POC, for example from the pars intermedia (where 
limited further processing of this region has been shown to take 
place), or the release of a peptidase which cleaves the peptide 
after secretion. The most probable cleavage site would be at 
the double basic sequence at residues 49-50 giving rise to _ 
N-POC,_4g and N-POCso-7¢ (y3-MSH in the ox”? and rat” has 
been found to start with the lysine residue at position 50). Thus 
the most likely physiological fragment would be N-POC, 1s. 
This is corroborated by the observation that the antiserum used. 
in this study effectively removed the naturally circulating bio- 
logical activity and did not cross-react with smaller biologically. 
active fragments (N-POC,.23) in the radioimmunoassay. ie 
In mammals with little or no pars intermedia tissue or its 
associated peptides, such as humans”>’*, _Post-secretional 
modification would be the probable mechan ; 
in processing of the N-POC,36 region p 
necessary mitogenic stimulus to cause, for example 
of the adrenarche and development of the androgenic zone 
the prepubertal human adrenal gland. As the secretion of 
peptides derived from N-POC in the corticotrope has bi 
shown to be under the same hypothalamic control as AC 
and B-LPH/endorphin”’, their depressed levels during chron 
treatment with glucocorticoids. could be responsible for 
adrenal atrophy observed in such cases. Administration 
physiological oreven pharmacological doses of peptides de: 
from this region, whilst continuing glucocorticoid therapy, c : 
provide the necessary mitogenic stimulus and lead to a rapi 
recovery of the functioning - of the hypothalamic pituita 
adrenal axis on cessation of that therapy. 5 
Thus we have the unique situation where the N-te1 m 
region of proopiocortin, including ACTH, provides a v 
of peptides capable of affecting different aspects of thea 
gland’s activity. N-POC;_2,. N-POC255 and ACTH stimulat 
DNA synthesis, the intact N-POC\_76 potentiates the action o 
ACTH by causing RNA Synthesis”, N-POCs,_+6 activat 
cholesterol ester hydrolase'* and ACT H switches on the trans 
tion of both the stable’ and: N-POC, .7¢-stimulated mR} 
pools’? required for the initiation of corticosteroidogenesis. 
The technical assistance of Mrs M. Carino is acknowledged. 
The work was supported by the Commision de Investigaciones. 
Cientificas de la Provincia de Buenos Aires and by the MRC. _ 
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Several lines of evidence suggest that striatal cholinergic inter- 
neurones receive an excitatory input from the cerebral cortex 
which utilizes an excitatory amino acid, L-glutamate or L- 
partate, as its neurotransmitter. Cortical ablation reduces: 
iatal high-affinity glutamate uptake”? and concomitantly 
decreases acetylcholine turnover’. The destruction of choliner- 
c, as well as other, neurones of the striatum by the rigid 
3 utamate analogue kainic acid seems to require a functional 
excitatory amino acid innervation 45. Furthermore, electron 





H-acetyicholine from rat striatal slices superfused in Mg’*-free 





kainate and juisqualate the least potent. This effect is antagon- 
ed by Mg 
(~APHept) and 
(£APPent) but not by glutamic acid diethyl ester (GDEE). 


These data suggest the involvement of a NMDA-type receptor 


in the excitatory amino acid influence on striatal acetylcholine 
release. 


the release of striatal *H-acetylcholine was first investigated in 
normal Krebs medium (containing 1.2 mM Mg’*). Exposure to 
100 uM L-glutamate, L-aspartate and the excitatory amino 
acid receptor agonists, N-methyl-DL-aspartate, (+)ibotenate, 
RS-a-amino-3-hydroxy-5-methyl-4-isoazole-propionic 
(AMPA), L-cysteate, kainate and quisqualate of superfused rat 


kainate were the most effective whereas N-methyl-DL-aspar- 
F shown). 


amino acid receptors exhibit a differential sensitivity to Mg”* 
(lew concentrations of Mg“ 
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rr icroscopic studies® suggest the existence of a cortical input to 
the aspiny dendrites of neurones morphologically similar to the 
_ presumed striatal cholinergic interneurones””. The recent dis- 
‘overy of preferential antagonists of amino acid-induced excita- 
tion in the vertebrate central nervous system has led to the- 
classification of excitatory amino acid receptors into three sub- 
types: the N-methyl-D-aspartate (NMDA), the quisqualate- : 
_and the kainate-preferring receptors’. We have now attempted 
-to characterize the receptor(s) mediating the excitatory amino 
` acid influence on striatal cholinergic neurones by investigating 
the effects of specific excitatory amino acid receptor agonists — 
and antagonists on the release of 3H-acetylcholine from slices 
of the rat corpus striatum. We find that excitatory amino 
acid analogues evoke a tetrodotoxin-sensitive release of 


medium, NMDA and ibotenate being the most potent and 


* and by (~)2-amino-7-phosphonoheptanoate | 
(+)2-amino-5-phosphonopentanoate - 


‘The influence of excitatory amino acid receptor agonists on 


acid ` 


striatal slices previously incubated with *H-choline evoked a. 
moderate release of *H-acetylcholine (Table 1). AMPA and _ 


tate was almost ineffective. In the absence of calcium, L-gluta- 
on mate-evoked *H-acetylcholine release was abolished (data not 


OAS electrophysiological studies on frog and rat spinal - 
neurones have indicated that the different types of excitatory | 


antagonize NMDA- or L-aspar- 


* Present address: Ga of Neuroscience, The Johns Hopkins University School of : 
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Fig. 1 Effects of excitatory amino acid receptor agonists on the 
outflow of *H-acetylcholine from striatal slices in Mg” -free 
medium: concentration dependence. Methods were as described 
in Table 1 legend. Each value represents the mean with s.e.m. of 
eight independent determinations (performed on eight rats). The 
dotted line and shaded area indicate the basal level with s.e.m. 
of the release of “H-acetylcholine in controls (S,/Sp;=0.99+ d 


0.05). Filled symbols: statistically significant (P < 0.001) compared 
with controls (Student’s r-test). Open symbols: not statistically 
significant, IRO, (+}ibotenate; NMDA, N-methyl-D-aspartate, 
NMDLA, N-methyl-pt-aspartate; L-GLU, L-glutamate; L-ASP, 
L-aspartate; KA, kainate; QUIS, quisqualate. 








Table 1 Effects of excitatory amino acid receptor agonists on. outflow - - 
of *H-acetylcholine from striatal slices 1 in medium containing 12 nM: aa 
Mg’ and in 1 Mg” * free medium a 














Ss J Sm . 

Agonist (100 uM} With Me"* Without Mg" j 
Controls 0.93 +0.01 0.94 +0.02 
N-methyl-DL-aspartate 0.97 +0.03 2.120.037} 
(+)Ibotenate 1.05 +0.05* 2.07+ 0.051% 
AMPA 1.162 0.037 1.6340.0374 
L-glutamate 1.11+0.03+ 1.630057f 
L-aspartate 1.09 + 0.024 1.430.057} o 
L-cysteate 1.02 + 0.03* 1.330, o4tt a 
Kainate 1.1440,03+ 1.19+ 0.027 
Quisqualate 1.03 + 0.037 1.06 +0.03t 





Experiments were performed on male Sprague-Dawley rats (COBS 
CD Charles River, France, 150 g). Striatal slices (1 x 1x 0.3 mm pre- 
pared by using a Mcllwain tissue chopper) were incubated at 37 C 
with 0.05 uM [N-methyl-’H]choline (specific activity 80 Ci mmol; s 
NEN) in oxygenated Krebs medium (composition in mM: NaCl 118, ce 
KCl 4.2, NaHCO; 25, NaH,PO, 1.0, CaCl, 2.6, glucose 11, MgCl, 
1.2) for 30 min to allow high-affinity uptake to occur. The slices were 
subsequently washed, transferred to a Plexiglass chamber (8 mm- 
diameter x6 mm) and continuously superfused. at a constant. rate 
(0.5 ml min”) with normal or Mg**-free Krebs medium containing 
10 uM hemicholinium-3 (a choline uptake inhibitor). The superfusate: : 
was collected every 6 min. Excitatory amino acid receptor agonists | 
(100 aM) were added to the superfusion medium for 2 min at 48 min ~ 
after the beginning of the superfusion, At the end of the experiment, — 
slices were recovered and dissolved in 500 41.0.5 M sodium hydroxide ` 
for radioactivity measurement. Experiments performed in the presence 
of eserine (30 1M) revealed that the radioactivity. released in the 
medium consisted of 92% authentic °H-acetylcholine; For each fraction 
the amount of radioactivity released into the medium as a percentage 
of total tissue content during that interval (fractional release) was 
calculated. The elevation of *H-acetylcholine outflow caused by the 
agonists is expressed as the ratio of the fractional release obtained in: 
the 6 min interval after the beginning of the 2 min pulse of agonist (S;) _ 
divided by the fractional release obtained in the 6 min period preceding 
the 2 min pulse of agonist (Sp,). Each value is the mean with s.e.m. of — 
eight independent determinations (performed on eight animals). The 
statistical significance of the data was evaluated by the Student’s two- 
tailed t-test. 

* P <0. 05; t P<0.01 compared with controls: 4 P< 0.001 compared 
with Mp? “-containing medium. 


jacmitlan Journals Ltd 



















not kai 






ists (100 pM) were studied in Mg**-free condi- 
Ig" was removed from the medium, the ability 
-DL-aspartate to release *H-acetylcholine 
dramatically (Table 1). Removal of Mg” also 
the response elicited by (+)ibotenate, AMPA, 
, L-aspartate and L-cysteate but not that elicited 
ate. This effect was greatest for the agonists which 
‘more specific for NMDA-type receptors (N-methyl-DL- 
partate, ibotenate). The relative potencies of excitatory 
Amino acid agonists on the release of *H-acetylcholine 
i plotting con- 
















-in Mg’*-free medium were compared by 
_ Centration-response curves. All the curves were sigmoidal in 
- shape, suggesting the involvement of a single saturable receptor 
_ (Fig. 1). The relative potency of the agonists was the 
following: NMDA > (+)ibotenate = N- methyl-DL-aspartate > 
_ L-glutamate > L-aspartate > kainate = quisqualate. This sug- 
_ gests that the receptor which mediates the release of °H- 
acetylcholine evoked by excitatory amino acid agonists shows 
erence for NMDA-type agonists. 
geested by electrophysiological studies, excitatory 
id receptor subtypes exhibit a differential sensitivity 
3y various organic antagonists. The most potent 













MDA-type receptor antagonists are the phos- 
alogues of carboxylic acids (—)APHept and 





whereas GDEE is considered an antagonist of 
late-type receptors™®™!, We further characterized the 
ptor. involved in excitatory amino acid-evoked release of 





H-acetylcholine by testing the effects of the amino acid antag- 
mists on the response evoked by N-methyl-DL-aspartate and 


_W(+) APPent 





Ba iy ie. ee = 
: (-)APHept™ silane 
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< Fig. 2 Effects of excitatory amino acid receptor antagonists on 
a, N-methyl-pDL-aspartate- and b, L-glutamate-evoked release of 
-o "H-acetylcholine from rat striatal slices. Methods were as 
_ described in Table 1 legend. The amino acid antagonist in the 
centration indicated was added to the superfusion medium 
before the 2min pulse (S,) of N-methyl-DL-aspartate 
glutamate (300 uM). The ratio $,/Sp, was calcu- 

ibed in Table 1 legend in both the absence and 
tagonist and results were expressed as per cent 
‘spective controls (agonist alone). Results are 
of eight independent determinations (performed 
als), Filled symbols: statistically significant 
ared with respective controls (Student’s t-test). 
1. symbols: not statistically significant. 








)’, the responses evoked by excitatory amino acid 
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Fig.3 Competitive antagonism by (+)APPent and non-competi- 
tive antagonism by Mg“* of the N-methyl-pi-aspartate- and 
L-glutamate-evoked release ‘of. striatal ?H-acetylcholine. Pope 

methods and expression of results see Table 1 legend: Mg” E 
(1.2 mM) or (+)APPent (50 and 300M when tested against — 
NMDLA and L-glutamate respectively) were introduced in the 
superfusion medium 12 min before the 2 min.pulse of t 
tory amino acid agonist. Each point corresponds to the n 
s.e.m. of eight independent determinations (performed on ei 
| animals). cy 












































L-glutamate in Mg’*-free conditions. (~)APHept and 
(+)APPent antagonized in a concentration-dependent mann 
the release of *H-acetylcholine evoked by N-methyl-DL-asp; 
tate (50 uM} with IC..s of 40 and 90 uM respectively (Fig 
Both drugs also antagonized the response to L-glutamate 
(300 uM) with ICsos of 280 and 320 uM respectively, In con. 
trast, the quisqualate receptor antagonist GDEE failed to affec 
the response evoked by N-methyl-pL-aspartate and only 
weakly antagonized (as a concentration of 1 mM) the L-gluta- 
mate response. The inhibition by (+)APPent of the N-methyl- 
DL-aspartate- and L-glutamate evoked release of *H-acetylcho- 
line is clearly competitive (Fig. 3), in contrast. to the Mg” 
inhibition which seems to be non-competitive. In the concentra 
tion range tested, neither (~)APHept nor (+)APPent aloni 
affected the spontaneous outflow of *H-acetylcholine 
Moreover, at a concentration effective in blocking N-methyl 
DL-aspartate or L-glutamate responses, (+)APPent only mar. 
ginally inhibited the release of *H-acetylcholine evoked by other. 
depolarizing agents—K* (12mM) and veratridine (1 pM). 
Sı/Spı: controls, 0.96 + 0.02; K*, 2.74+0.06 ;K"+(+)APPent, . 
2.30+0.01, P<0.01, Student’s two-tailed t-test; veratridine, 
1.70+0.09; veratridine + (+)APPent, 1.61 +0.04, n = 8), suge 
gesting that the antagonism occurs at the level of specific amino. 
acid receptors. 

The present data are consistent with the involvement of an 
NMDA-type receptor in the excitatory amino acid influence 
on striatal *H-acetylcholine release. This conclusion is sup- 
ported by (1) the high potency of the NMDA-type receptor 
agonists NMDA and (+)ibotenate to evoke the release of the 
labelled transmitter in Mg**-free conditions; (2) the antagonism - 
by low concentrations of Mg** of NMDA -type agonist-evoked 
release of striatal “H-acetylcholine; (3) the selective blockage. 
by antagonists of NMDA -type receptors of the N- methyl-DL- 
aspartate- and L-glutamate-evoked release of *H-acetylcholitie 
in Mg**-free medium. Note that NMDA has also been found 
to be the most potent excitatory amino acid in stimulating 
sodium efflux from striatal slices'’’. The very weak potency of 
quisqualate, together with the failure of the quisqualate-type 
antagonist GDEE to block N-methyl-DL-aspartate- or L-gluta-_ 
mate-evoked *H-acetylcholine release in both Mg** -free condi- 
tions and Mg**-containing medium (not shown), suggest that 
quisqualate-type receptors do not contribute significantly to the 
excitatory amino acid-evoked responses of striatal cholinergic 
cells. 7 | See 































































































Student’s t-test, compared with agonist alone) indicates that 
“action potentials mediate the release of *H-acetylcholine 
~ evoked by these agonists. These data are consistent with the 
-hypothesis that excitatory amino acid receptor agonists activate 
receptors located on cholinergic dendrites, causing depolariz- 
ation and action potential propagation along the axons of the 
cholinergic interneurones to the terminals, where *H-acetylcho- 
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Several recent studies have shown that the lateral diffusion of 
ythrocyte transmembrane proteins is modulated by the sub- 
embrane network of spectrin, actin and polypeptide 4.1 (refs 
-3). The rate of lateral diffusion of the major transmembrane 
coprotein (the anion transport channel, band 3) is increased 
approximately 50-fold in membranes from spherocytic eryth- 
‘ocytes of mice which are deficient in the membrane skeletal 
protein spectrin’. Lateral mobility is increased when spectrin 
‘is removed from the membrane by extraction at low ionic 
“strength? or when it is displaced by a fragment of ankyrin 
containing the membrane attachment site for spectrin’. Such 
- experiments show that the presence of spectrin on the mem- 
brane restricts the mobility of membrane proteins, but they do 
not define the mechanism by which spectrin could modulate 
_- membrane protein mobility in situ. The oxidant diamide has 
been shown to cross-link spectrin via intermolecular disulphide 
coupling into a high molecular weight complex and this is 
< associated with inhibition of discocyte-echinocyte shape 
_ change‘ and decreased erythrocyte deformability’. Here we 
_ report that the lateral mobility of band 3 protein is decreased 

in erythrocytes in which spectrin is cross-linked via diamide. 
_ Furthermore, this inhibition of mobility is reversed when spec- 
trin oxidative cross-links are reduced by addition of dithio- 
threitol (DFT). a : 
=- Membranes. isolated from red cells treated with 2mM 

diamide or diamide followed by DTT were subjected to SDS- 
polyacrylamide gel electrophoresis in non-reducing conditions 


molecular weight polymer (>10° molecular 
s reducible by addition of DTT to the gel. 
as absent in cells treated with DTT, indicating 





ia an unknown transmitter cannot, 
DA-type receptor has been found to 
mediate the excitatory influence of amino acids on striatal 
cholinergic neurones. These receptors, which may be located 
on dendrites of cholinergic cells, may play a part in transducing ”» 
information received from the cerebral cortical afferents, which 
are thought to use an excitatory amino acid as neurotransmitter. 

We thank Dr J. F. Collins, P. Krogsgaard-Larsen and J. C. 

Watkins for gifts of compounds, and D. Fage for technical 
assistance. (~)APHept was obtained from Dr Collins, Depart- 
ment of Chemistry, City of London Polytechnic, and (+)APPent 
from Dr Watkins, Department of Pharmacology and Phy- 
siology, The Medical School, Bristol. 
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that it was also reversible in intact cells. Diamide-treated 
samples were electrophoresed in the second dimension inr edi 

ing conditions to identify components of the high molecular- 
weight polymer. As shown in Figure 2, the polymer consisted — 
primarily of spectrin (>90%) with small amounts of “other = 
membrane proteins. There was some spectrin dimer and some 
band 3 dimer, which might be expected because these proteins 
probably exist as tetramers in the membrane’. Cross-linked 
spectrin dimers were routinely detected in heavily loaded non- 7 
reducing gels, such as in the first-dimension gel of Fig. 2. T here _ 
was no evidence, however, of cross-linking of band 3 to.other ` 
membrane components such as ankyrin or spectrin, which might 
affect band 3 mobility directly. Therefore, in these conditions 
and in intact cells, diamide cross-linked spectrin fairly 
specifically. More extensive treatment with diamide (>2 mN 
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"Band 3 
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Fig. 1 Non-reducing SDS-<polyacrylamide gels of. membranes 
from diamide-treated. erythrocytes. Blood was collected from 
healthy volunteers: Cells were. washed in saline and buffy coats 
removed. Erythrocytes were incubated with 2mM diamide in 
5 mM Na2HPO,, 145 mM NaCl, pH 7.4 for 30 min at 37 °C, Cells 
were washed with the same buffer, and an aliquot of diamide- 
treated cells was incubated for 30 min at 37 °C with 15 mM DTT. 
Cells were washed, membrane ghosts prepared and samples were 
electrophoresed on 2.5% acrylamide-1%. agarose gels as. 
described previously”. All gels were stained with Coomassie 


brilliant blue. HMW Cx., high molecular weight complex. — 
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cally labelled’. Labelled cells were then fused with 
lls by the addition of polyethylene glycol, and 
doublets were observed in the fluorescence micro- 
Spread of fluorescence from the labelled to the 
elled half. Label equilibrated significantly more slowly in 
ythrocytes in which spectrin was oxidatively cross-linked with 
liamide (Fig. 3). The time necessary for equilibration of label 









n 90% of all doublets (Fig. 3) was used to calculate aminimum 
diffusion constant (Dmi) for band 3 according to the procedures 
of Fowler and Branton’ and Huang"’. D for diffusion of band 
3 in normal red cell membranes was calculated to be 3x 
_ 10°'\cm?s', which agrees with previously published values 
_ obtained by this and other methods", D, for diamide- 
treated cells was ~1.8 x 107" cm? s™, reflecting a 40% reduc- 
n in the rate of band 3 diffusion (P<0.005), In diamide- 
d cells which were further incubated with DTT to reduce 
cross-links, Dain Was the same as for untreated cells. 
nents where DTT incompletely reduced oxidative 
f reversal of diamide effects on mobility 
onal to the degree of DTT reduction of the high 
weight membrane polymer formed by diamide (not 
‘hese results indicate that stabilization of spectrin in 
1olecular weight complex slows band 3 diffusion without 
‘oss-linking band 3 to the membrane skeleton. 
‘Membranes isolated from red cells after fusion and equilibra- 
tion of label showed no proteolysis when analysed on SDS- 
tylamide gels. Furthermore, addition of the protease 
ibitors phenylmethylsulphonyl fluoride (1 mM), N-a-p- 
„lysine chloromethyl ketone (1 mM) and pepstatin A 
“had no effect on mobility of band 3 in these 
s. 
us Studies showed that the membrane skeleton serves 
rict lateral movement of transmembrane proteins, and 






















echanisms have been proposed. First, studies by Golan 
Veatch’ and by Fowler and Bennett? on the dissociation 
spectrin from the membrane suggested that the diffusion rate 
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nensional SDS-polyacrylamide gel electrophoresis 
s from diamide-treated erythrocytes. Erythrocytes 
treated, membrane ghosts prepared and membranes 
rophoresed in the first non-reducing dimension as in 
s gel was then overlaid on a 7% acrylamide slab gel 
nd electrophoresed in reducing conditions'*, 
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Fig. 3 Effect of diamide-induced oxidation of spectrin on lateral’ i 
mobility of band: 3 protein at 30 °C, Erythrocytes at 20% haemato-. < 









crit in 10 mM NaHCOs;, 145 mM. NaCl, pH 9.5, were incubated 
on ice for 1h with 2 mgm”. DCTAF. Cells were washed ty 
in 10mM NaHCO;, 95 mM NaCl, 50mM_ glycine, pHo 
remove unreacted DCTAF, then washed. twice in. phos 
buffered saline (10mMNa,HPO,, 145 mMNaCl, 4 [ 
Unlabelled cells were incubated with the same. buffers in the 
absence of DCTAF. The labelling procedure caused no haemoly- 
sis. Labelled and unlabelled cells were fused with polyethylene 
glycol as described earlier''. Fused doublets were observed at- 
30°C for diffusion and equilibration of label over the entire 
doublet. Data are plotted as per cent of labelled doublets which 
are uniformly fluorescent versus time’, O, Cells treated with 2mM | 
diamide at 37°C for 30 min before labelling and fusion. @, Cells . 
treated with diamide, washed, then incubated with 15 mM DTT 
at 37 °C for 30 min before labelling and. fusion. (J, Cells incubated | 
at 37 °C with no diamide or DTT before labelling or fusion. _ 





of band 3 can be controlled by reversible interaction of ba 
3 with spectrin via band 2.1. Second, Cherry ef al. propose 
that spectrin forms a meshwork underneath the membrane, 
with interstices through which band 3 can move'’. Thus, lateral 
diffusion of transmembrane proteins could be modulated by 
the state of the spectrin meshwork itself, independently of 
spectrin-band 3 interactions, The latter hypothesis was suppor- 
ted by observations of Schindler ef al. that agents which disrupt 
cytoskeletal structure also free band 3 to diffuse laterally in the 
membrane'’. Our results are also consistent with this model of 
the membrane skeleton as a dynamic structure that modulates - 
lateral movement of membrane proteins. When this dynamic 


State is stabilized, for example by cross-linking with spectrin, 


mobility of transmembrane proteins is reduced. 
This work was supported by NIH grant HL15157. 
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Microtubules are filamentous, subcellular structures present in 
virtually all eukaryotes. In higher plants, microtubules form the 
f cell division”? and 


-eal features of microtubules. Recent studies™™” have used 
indirect methods to isolate tubulin-like proteins from higher 
plant cell extracts, but none has conclusively identified tubulin 


- by demonstrating its self-assembly into microtubules. We report 





here the isolation of tubulin from cultured cells of a higher 
` plant and its unequivocal identification by self-assembly into 
_ microtubules in vitro, Furthermore, we report peptide mapping 
data which indicate that although the 6 -subunits of mammalian 
and higher plant tubulins have been conserved, the a-subunits 
have diverged during evolution. 


self-assembly in extracts of Paul’s Scarlet rose (PSR) cells is 
hampered by low tubulin concentrations, by low molecular 
weight inhibitors and by endogenous peptidases”. We have 
- circumvented these problems by designing a tubulin isolation 
. method that is particularly suited to the physiological charac- 










phase (day 3-5) cells were used because during this period the 
concentrations of cellular proteins are highest'* and those of 


to enzymatically cleave nucleic acids which, as polyanions, are 
known to inhibit in vitro assembly of tubulin’. In addition, 
anion-exchange chromatography was used to select and concen- 


charge”’. 

PSR cells, originally isolated from rose stem tissues (Rosa 
sp. cv. Paul's scarlet) by Nickell and Tulecke*’, were grown as 
stock suspension cultures in a defined medium’*, modified as 
previously described’’. For the propagation of cells to be used 
for protein isolation, aliquots of 14-day-old stationary phase 
cells were diluted 6.6-fold with fresh medium and cultured for 
3-5 days. 


fractionated on DEAE-Sephadex A50 as modified from 
Weisenberg ef al.* (see Fig. 1 legend) and analysed by SDS- 


gradient elution of the column separated the crude supernatant 
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Previous work from our laboratory demonstrated that tubulin 


“teristics of PSR cells grown in suspension. Early exponential 


potentially harmful polyphenolic compounds lowest '? Extracts: 
were prepared in a buffer designed to minimize proteolysis and 


trate tubulin from extracts by virtue of its conserved polyanionic 


Extracts of cultured cells were prepared, and proteins were 


polyacrylamide gel electrophoresis” (SDS-PAGE). Step 


into three protein-containing fractions designated A, B and C 
(Fig. 1). SDS-PAGE of these fractions demonstrated that most 
of the cellular protein eluted in fractions A and B, while fraction 
C was enriched for two polypeptides with mobilities similar to 
those of the a- and B-subunits of bovine brain tubulin. 
Densitometer tracings of stained gels revealed that these bands 
comprised ~63% of the fraction C polypeptides that entered 
the gel. Thus DEAE chromatography represents a significant 
step in the purification of tubulin-like polypeptides from a 


116,000 
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43,000 


36,000 
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Fig. 1 Analysis of fractionated PSR proteins by SDS-PAGE”. Early 
exponential phase PSR suspension cultures were placed in a dark cold room 
at 4°C with constant shaking for 2 h before collection on a Miracloth filter, 
washed with cold PM buffer (50 mM PIPES-KOH pH 6.9, 1 mM EGTA, 
0.5 mM MgCl, 1 mM dithiothreitol). The cells were then weighed and 
homogenized in a chilled Sorval Omni-mixer in PM buffer containing 2 mM 
GTP (5g cells per ml buffer) for 3 min. The homogenate was filtered 
through three layers of Miracloth and the filtrate was made 254M in 

























leupeptin hemisulphate (Sigma) and 100 pg ml” in both DNase I (Sigma) _ 


and RNase (Calbiochem). The 
48,200 g for 30 min at 4°C. The crude supernatant, which contained 2.4~ 
3.3 mg mI"! of protein as assayed by the method of BioRad*®, was poured 
into a flask containing DEAE-Sephadex A50 (ref. 24) (pre-equilibrated: 


filtered homogenate was centrifuged at = 





with PM buffer) at a ratio of 0.5 ml packed volume of resin per mi of crude. 


supernatant. The mixture was swirled in the dark at 4°C for Lh, briefly 
de-aerated and poured into a 2.6 x 40 cm column. The column was packed 
with crude supernatant at a flow rate of 2-3 ml min” t, and unbound proteins 
(fraction A) were eluted directly. Weakly bound proteins (fraction B) were 
eluted with 3-5 bed volumes of PM buffer containing 0.4 M KCI and 0.5 mM 
GTP. Tightly bound proteins (fraction C) were eluted from the column 
with 3 bed volumes of PM buffer containing 0.8 M KCI and 0.5 mM GTP. 
Each fraction was collected by precipitation by 50% saturation with 
(NH,),SO, for 30 min. Immediately prior to electrophoresis, (NH,),SOz 
precipitates were dissolved in PM buffer, desalted on Sephadex G25 
columns and acetone-precipitated, and the precipitates were boiled in 
SDS-sample buffer” for 2 min. Crude supernatant samples were boiled 
directly in equal volumes of SDS-sample buffer. SDS-derivatives were 
loaded on to 9.25% slab gels prepared according to Studier*’, except that 
the stacking gel was 5.1% acrylamide, the resolving gel contained 0.15 M 
Tris-HCI pH 8.8, and the SDS (Sigma) was ethanol-recrystallized. Gels 
were stained overnight with 0.025% Coomassie brilliant blue R-250, de- 
stained, dried and photographed with a yellow filter. a, PSR crude super- 
natant polypeptides; h, fraction A polypeptides, c, fraction B polypeptides; 
d, fraction C polypeptides containing putative tubulin a- and B-subunits; 
e, three times assembled bovine brain tubulin œ- and B-subunits prepared 
according to ref. 33. Molecular weight standards were Escherichia coli 
B-galactosidase (116,000), bovine serum albumin (68,000), bovine liver 
catalase (60,000), ovalbumin (43,000) and bovine heart lactate dehy- 
drogenase (35,000). 


yield of presumptive tubulin obtained by this procedure was 
1-2 ugmg' of crude supernatant proteins as determined by 
BioRad assays”. 

The proteins in fraction C were tested for their ability to 
form microtubules in vitro. Assembly reactions were performed 
following the addition of glycerol?” or taxol”*, an experimental 
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heterologous population of proteins in PSR cell extracts. The 


1982 Macmillan Journals Ltd 




















of 


me 


. 2 legend 


n the presence of taxol revealed nu 


contained microtubules which were less abundant and 
ger (Fig. 2). Protein determinations”® on the micro- 







Analysis of the in vitro-assembled materials by SDS-PAGE” 
howed that tubulin was the principal protein present in the 
pelleted aggregates assembled in the presence uf both glycerol 
_ and taxol (Fig. 3). Furthermore, the rose tubulin polypeptides 
- had mobilities similar to those of bovine brain tubulin polypep- 
tides. In this particular gel system, the B-subunits co-migrated 

and the rose a-subunit had a slightly faster mobility than that 
< of the brain a-subunit (compare subunits in lanes d, e of Fig. 
3). Similarly, the a-subunits of flagellar tubulins from the green 
alga Chlamydomonas and the ferns Marselia and Pteridium 
__ have been shown to exhibit electrophoretic mobilities different 
_ from that of mammalian a-tubulin??””. 





B _ Densitometer tracings of electrophoretically separated 
. microtubule pellets showed that tubulin represented ~36% of 





Fig. 2. Electron micrographs of negatively stained rose microtubules 
“assembled in vitro. For in vitro assembly studies, the fraction C (NH,),SO, 
-precipitates (described in Fig. 1 legend) from ~200 g of cells were dissolved 
in I-L5 mlof PM buffer containing 2mM GTP. The solution was desalted 
on a Sephadex G25 column (5 ml bed volume) which had been pre- 

equilibrated with the same buffer. The excluded volume was made 50 uM 

in leupeptin hemisulphate and concentrated by dialysis against 40 ml of the 
above buffer containing 8M glycerol and 50 uM leupeptin hemisulphate 

at 4°C for 2h. This reduced the volume of the sample ~10-fold to give a 

100-200 pl sample containing 2.6-3.6 mg m!~' of protein as determined 

by the BioRad”! procedure. This sample was tested for its ability to form 

microtubules after addition of glycerol or taxol. The sample was divided 
equally into two samples, one of which was made 4 M in glycerol”, while 
the other was made 10 uM in taxol”. The samples were incubated at 37°C 

for 1 h to permit microtubule assembly and centrifuged at 130,000 g in a 
. Beckman airfuge for 1h at 23°C, Each supernatant was removed and 
divided into two aliquots, one to be used for protein determination and 
te other for SDS-gels. Each microtubule pellet was resuspended in 10 wl 
PM buffer containing 4M glycerol. One yl of the suspension was removed 
ysis by electron microscopy, while the remaining suspension was 
ito two aliquots, one to be used for protein determinations and 

DS-gels. Samples for electron microscopy were placed on 
formvar-coated copper grids, displaced with water, stained 

acetate for 30 s and air-dried. Samples were photographed 
9S electron microscope. a, Microtubules assembled in glycerol- 
mple; b; microtubules assembled in taxol-treated sample. Bar, 
ee 0.1 am, 



















asse rous 
rt microtubules, while materials formed in the presence of 














Fig. 3 Analysis of microtubule assembly mixtures by SDS-PAGE”, The 
Supernatant and pellet samples described in Fig. 2 legend were boiled in 
equal volumes of SDS-sarmple buffer”? and loaded on to the gelin equal. 
volumes. In this way, we could compare directly the polypeptide composi- 
tion and abundance of tubulin in each fraction from the glycerol (lanes c and 
dì and taxol (lanes h and 7) treatments. a, f, PSR crude supernatant 
polypeptides; 4, g, fraction C polypeptides: c, glycerol-treated supernatant 
polypeptides; d, glycerol-treated microtubule pellet polypeptides; e, j, three 
times assembled bovine brain tubulin®*: A, taxol-treated supernatant poly- 
peptides; i, taxol-treated microtubule pellet polypeptides. Molecular weight 
markers as in Fig. 1. 


the total protein in the glycerol-assembled material, and ~74% 
of the taxol-microtubule pellet. Apparently a single round of 
assembly did not enrich for tubulin in the glycerol-treated _ 
samples but did so substantially in the presence of taxol. Horwitz 

and co-workers have shown that taxol enhances both the 
assembly rate and yield of brain microtubules formed in 
vitro". They have further demonstrated that taxol cannot be 
readily removed from microtubules, and that it stabilizes the 
polymers against depolymerization by cold treatment, CaCl,, 
podophylotoxin or vinblastine*’. For these reasons taxol- 
induced microtubules cannot be further purified by successive 
rounds of polymerization. Also, the low yield of tubulin from 
PSR cells and the low efficiency of glycerol-induced microtubule 
assembly have prohibited the use of cyclic assembly pro- 
cedures’. We are now investigating methods to improve the 
yield of tubulin from these cells. 

Previous studies on ion-exchange-purified mammalian brain 
tubulin have shown the in vitro assembly reaction to be 
enhanced by both glycerol?” and taxol*'. The present study 
demonstrates that plant tubulin isolated by DEAE 
chromatography assembles into microtubules after addition of 
glycerol or taxol. Both the number of microtubules and the 
yield of tubulin increased when taxol was present. Similar results 
have been obtained in studies on taxol-induced mammalian 
tubulin assembly***', and so it seems that the tubulins from 
Organisms as diverse as mammals and higher plants are subject 
to similar constraints in terms of their abilities to assemble into 
microtubules in vitro. 

The microtubules in algae, fungi, ferns and higher plants 
show resistance to several antimicrotubule agents commonly 
used to disrupt animal microtubules, suggesting significant 
differences between plant and animal tubulins*', Indeed, 
recent studies have revealed several differences between the 
tubulins from some of these organisms and from mammals, 
including variations in electrophoretic mobility?” t35, sensitiv- 
ity to drugs during in vitro assembly***’ and peptide mapping | 


patterns", 














Fig. 4 Peptide mapping analysis of the e- and B-subunits of bovine brain 
‘tubulin and rose tubulin. Bovine brain tubulin purified by three rounds of 
-assembly”* and rose tubulin purified by taxol-induced assembiy were ana- 
lysed by limited proteolysis in gels according to the method of Cleveland 


et al2*, with minor modifications. The subunits of these tubulins were first 


--geparated-on the gel system described in Fig. 1 legend. Geis were stained 

ith 0:2% Coomassie brilliant blue R-250 in 50% methanol for 30 min 
d destained in 5% methanol for 15min. Bands corresponding to the a- 
id B-subunits were cut out, equilibrated in a solution of 0.125 M Tris-HCI 
0.1% SDS and 1 mM EDTA for 1 h, and loaded on to 15% Laemmli 
ogether with 0.5 ug of Staphylococcus aureus V8 protease. Elec- 
trophoresis was performed according to Cleveland et al”. Gels were stained 
and processed as-described for Fig. 1. Lanes contain polypeptide fragments 
oma, bovine brain a-subunit; 6, rose a-subunit; c, bovine brain B-subunit, 
_ dy rose B-subunit. Arrows indicate positions of uncleaved subunits. 













































‘not only differed markedly from each other, but also from the 
respective B-subunit patterns. These data suggest that the B- 
“subunits of plants and animals have been more conserved during 
-evolutión than the a-subunits. 





“from cow, squid, sea urchin, echiurid worm, a fern and an alga 


similar, the a-subunit maps less similar and the plant a-subunit 
maps markedly different from those of the animals. Moreover, 
the fern and algal a-subunit maps resemble the a-subunit map 
of slime mold tubulin reported by Clayton et al.™*. Our peptide 
mapping data on higher plant tubulin are consistent with the 
idea** that the a-subunits of tubulins from organisms that are 
generally resistant to anti-microtubule agents have diverged 
with respect to the a-subunits from organisms sensitive to those 


resistance of higher plant cells to anti-microtubule drugs is, in 


S < fact, due to a low affinity of plant tubulin for these drugs, or to 
-other modes of resistance’®, 


Chemical Co., St Louis, Missouri. 
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We have started structural analysis of cytoplasmic tubulin | 
‘from a higher plant by preparing peptide maps” of the æ- and. 
B-subunits of rose tubulin and bovine brain tubulin (Fig. 4). 
Cleavage of the B-subunits of both tubulins by Staphylococcus © 
-aureus V8 protease produced very similar patterns of polypep- . 
‘tide fragments. In contrast, the patterns of peptide fragments _ 
generated from the cleavage of the a@-subunit of both tubulins . 


Recently published™ peptide maps of the tubulin subunits 


show the B-subunit maps of all these organisms to be quite 


agents. Experiments are in progress to determine whether the 


~ We are raising antibodies to plant tubulin subunits for use Ț 
n further studies on these polypeptides. Efforts are also under- 
way to construct specific cDNA probes for use in studies on- 
the regulation of synthesis of tubulin mRNAs in higher plants. _ 
We thank Dr Susan Horwitz for her generous gift of taxol 
and Drs Marc Kirchner and Timothy Bradley for helpful sugges- _ 
tions during this investigation. This research was supported by | 
grants to D.E.F. from the NSF (7722398) and the Monsanto 
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Studies of somatic cell hybrids have assigned the gene cluster 
for human immunoglobulin heavy chains x, y and a to chromo- - 
some 14 (ref. 1). The locus for Gm (GM), a genetic marker 
on the y heavy chain, has been shown to be linked to PI, the 
locus for a,-antitrypsin/a,-protease inhibitor (a,AT), a major 
protease inhibitor in human serum”. This assignment has now 
been confirmed by studies of somatic cell hybrids which have 
assigned a, AT also to chromosome 14 (refs 4, 23). From studies 
of two families having abnormalities involving the long arm of. 
chromosome 14, we have localized GM to the terminal portion ” 
of 14q at band q32.3 and PI to a more proximal position, — 
between q24.3 and q32.1. The immunoglobulin genes are 
within a chromosome region noted for its high frequency of 
breaks associated with chromosome rearrangement, which 
occur both spontaneously in cultured lymphocytes and in certain 
malignancies: e 0 5 e | 
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omosomes observed 
inding. The normal 
e14 and r(14) in pro- 
ly 1 is shown with the 
gion marked by an 
w. The normal chromosome 
nd inv(14) in family 2 is shown 
with -breakpoints indicated by 
brackets. The diagram (centre) 
shows the prometaphase band pat- 
tern “according to International 
| Nomenclature” 



















y retaphase chromosomes i in cultured lymphocytes were 
y psin~Giemsa_ G-banding*. Twenty or more cells 
vidual were examined, at least 10 of which were 
fine the breakpoint of the ring chromosome, 
-117 and NOR staining were also used. 
arried out by isoelectric focusing in polyacry- 
:5-6, and a,AT was quantitated by electroim- 
: ¿GM allotypes were determined by haemagglutina- 
on inhibition using fresh O Rh* (Rhesus-positive) human 
brocytes sensitized with non- agglutinating anti-Rh anti- 
ù% All sera were tested at a 1/20 dilution, with antibody 
yA markers Gim (a, x and f) and for the y3 markers 
ndg) (reagents were given by Dr Moses Schanfield, 
Cross). Quantitation of immunoglobulins (IgG, 
) was carried out by laser nephelometry (Beck- 
er genetic markers were typed by standard techniques 
o verify the stated family relations: blood groups 
h and MNS; complement 3 (C3) and properdin factor 
were identified. by agarose electrophoresis; and group- 
cific: component (GC) and transferrin (TF) by isoelectric 
sing in polyacrylamide gels. 
n family 1 (HSC-C4), the proband was an 8-year-old male 
with mental retardation, seizures, microcephaly and primary 
monary hypertension. His. karyotype, examined from 21 
ls the first time and 100 cells on a second occasion, was 46 
„ring 14 [r(14)]. In the two analyses, 93% of blood lym- 
cytes had the karyotype 46 XY, r(14), with at least one ring 
yy while the remainder had one copy of chromosome 14 
the ring.. Breakpoints were distal to bands pil and 
he deleted portion of the chromosome is therefore all 
of q32. 3 (Fig. 1). Further clinical and cytogenetic details 
of this patient will be reported elsewhere (V. D. M., R. G. 
_Worton, C: B. Verellen and J. M. Berg, in preparation). 
- Both parents had normal karyotypes. Results of PI and GM 
“ping, determined on two separate occasions, are shown in 
Fig. 2. The proband expressed only the paternal GM type, fo, 
and lacked a maternal. GM component. This was confirmed in 
a repeat blood sample from proband and mother; both sera 
‘were also tested at 1/2 dilution. This result can be explained 
if the GM marker (y-chain locus) is in the deleted region, q32.3. 
Inherited deletions of y1 or y3 regions have rarely been repor- 
ted, however the GM types of I-2 and II-1 (Fig. 2) exclude the 
ibility of an inherited deletion. Serum concentrations of 
globulins are shown in Table 1. The IgG, IgA and IgM 
tions in serum of the proband are normal and do not 
ffect. This s niy, Deep be the result of allelic 
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as proband and parents were all of PI type M1. Seri. con 
centrations of a,;AT did not suggest.a deletion for this locus 
heterozygotes for the null allele of aj, AT (PIM—) have low 
concentrations (59+ 6.8% of normal)'* than those foun in 
proband. Genetic markers were compatible with. the S$ 
parentage. 

Family 2 (HSC-C3) provided information on localizatio: 
the PI locus. The proband was a 7-year-old boy wi 
neutropenia, An altered banding pattern of chromosome 
was observed in all 26 cultured lymphocytes examine by 
trypsin~Giemsa G-banding (Fig. 1). We concluded that t 
altered pattern was due to a paracentric inversion with break: 
points at bands q24.1 and q32.1; karyotype 46. XY, inv 
(q24.1 q32.1). The inverted chromosome: 14 was also foun 
other relatives (Fig. 2). Genetic markers were compatible. 
the stated family relations. Results. of typing are shown it 
2. If the PI a Ma and the a are assumed to be 































tion of the PI Ta at the i inversion, ” between. bands q24.1; 
q32.1. Genes within the i inversion would be inherited togeth 
because a single cross-over in the inverted: region would resu 
in non-viable gametes, As there is an average of 1.76 chiasmata 
for chromosome 14q (ref. 12), and if a chiasma is equivalent - 
to a cross-over, then a double cross-over, which would be i 
necessary to produce viable gametes, is not likely to occur. 
the small distance covered by this inversion. Linkage analysis 
by lod scores supports the location within the inverted. region. 
The inverted region was considered as a marker. Lod scores © 
for the three sibships, two of which are phase known, were 
obtained from the tables of C. A. B. Smith as given by Emery’. 
Calculations were simplified by assuming I-t to:be of PI type - 
M1M1, where the relative probability for this PI type, based 
on population frequencies from our laboratory and from Pr. 
types of the offspring, is 87%. The maximum likelihood | 
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Table 1 Serum concentration of immunoglobulins and ay-antitrypsin = 
in family 1 
Sp ae ee tat ea Mahe A ERS aa ae fa eh oe 
Controls 
{mean { 95% 7 












Protein Proband Father Mother confidence interval 
IgG (mg di” o) 808 906 998 915 (633-1280*) | 
IgA (mg di!) 54 134 97 90 (33-202*) 
IgM (mg di~’) 86 154 186 107 (48-207*) 

a AT (% normal) 79 84 100 105 (67-1987) 








naana A 
* Values for children 6-8 y old (from C. R. Jolliff and K. Cost); adult 
values are higher. 
t Obtained from 112 normal adults, in our laboratory. Values for 
children are similar. F 














(1,000:1) of absolute linkage between PI and the inversion. 


combination value, 0 = 0.05) would not be excluded: 


Jur studies in family 1 indicate that GM is loca 
4432.3. t 











132.3. While we consider the loss of the structural 
locus to be probable, we cannot exclude the pi ssibilit tt 
promoter or sequences necessary for initiation of the y 








carrying the deletion might clarify this question, We have. 
recently learned, however, that in situ hybridization studies in 
‘the laboratory of P. Leder, using heavy-chain constant-region. 
probes, also confirm that y-chain loci are localized at 14q32, 


Kirsch, personal communication). 


` Data from family 2 indicate that the PJ locus is in the region | 


q24.1-q32.1. The GM-PI linkage in males is 0.26° for ‘non-Z’ 
alleles. As there is an average of 1.76 chiasmata for chromo- 
some 14q (ref. 12), and a recombination value of 0.5 in males 
is defined as equivalent to 50 cM, the genetic length of 14q is 
~88 cM in human males. The recombination value of 0.26 for 
GM-PI falls either at the distal border of q24.3, according to 
Francke’s band patterns based on actual chromosome measure- 
‘ments? or at the proximal portion of q24.3 in Fig. 1. However, 
the distribution of chiasmata in 14q is uneven, with a high. 
concentration in terminal portions of the chromosome, thus the 
most likely location for PI is in a more distal region of the 
inversion. As it is unknown how the genetic map corresponds 
` to the physical map, we must localize PI at q24.3-32.1, Nucleo- 
side phosphorylase, which has been localized at the region 
q12-13 (ref. 15), should not be linked with GM, but may show 
linkage with PI, the minimal distance estimated as being 24 cM. 
Our localization of GM at band q32.3 may have important 
biological implications as it is within or close to a region of the 
chromosome that is prone to breakage. Analysis of spontaneous 
breaks in cultured lymphocytes has indicated that chromosome 
14 was involved in rearrangements more often than any other 
chromosome'®. The ‘hotspots’ for breaks were 14q13 and 
-14q32. In ataxia telangiectasia, an inherited condition in which 
~ chromosome breaks occur frequently in cultured cells, the 
chromosome abnormalities frequently involve the long arm of 
chromosome 14, sometimes involving a tandem duplication 
with breaks through q11 and q32 (for review see ref. 17). In 
3urkitt’s lymphoma and in other lymphomas, chromosome 
breaks are non-random. Burkett’s lymphoma clones frequently 
contain rearrangements between chromosomes 8 and 14, 
specifically t(8;.14) (q24; q32)\’. Other abnormalities of 
chromosome. 14 are found with high frequency, consistently 
< with breaks at q32.. DNA rearrangements, which occur in the 
immunoglobulin gene cluster both during the switch from one 
type of heavy chain to the other and within differentiated cells 
to produce antibody variability (reviewed in ref. 18), may be 
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estimate of recombination (B) from plotted values’? is 0 with f 
a lod score of 3.0. This indicates there is a high probability. 


marker. A map distance of up to 5 centimorgans (cM) 


-chain phage à CH4-rHs18 has been found to be highly polymorphic, - 


switch have been lost. Studies of the DNA of the patient. 


a region larger than, and including, our region 14q32.3 (L 
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Fig. 2 Pedigrees of family 1 (a) and family-2 (b) showing abnormal chromosomes and the most probable arrangement of PI and GM types. 
| Arrowheads indicate pro-bands. $ Indicates the presence of r(14) O, C indicate the presence of invi14). 


related to this high frequency of breakage. The genes for human 
light-chain (A) immunoglobulin chains have been assigned to _ 


chromosome 22 and association of this chromosome with trans- 


locations in malignancies has been noted’. The A gene is also 


-a region which undergoes DNA rearrangement. Malignant 


clone proliferation may be related to effects on the immuno- © 


globulins, if breaks occur directly within the gene. 


A restriction enzyme fragment of human DNA cloned in E 





apparently because of DNA rearrangements rather than base 
pair substitutions or modifications”’, This locus, D14S1, has. 
recently been localized at the distal half of 14g. E- 
regions of DNA rearrangement do indeed promote chromo- 
some instability, then it: will be of considerable interest to | 
determine whether this locus is the same as, or close to, the... 
immunoglobulin locus.. 
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ae Recently, we have elucidated the primary structure of bovine 
adrenal. preproenkephalin by determining the nucleotide 
sequence of cloned DNA complementary to its mRNA’. The 
structure of most of this precursor molecule has also been 
Sedad by Gubler et al.’ using cDNA sequencing in conjunc- 
tion 





























ains four copies of methionine-enkephalin’ (Met-enkephalin) 
ne copy each of leucine-enkephalin’ (Leu-enkephalin), 
pepe ee (ref. 4) and Met-enkephalin-Arg®- 
u (refs 1, 2,5). The region containing the repeated 
and extended enkephalin sequences, which are each 
yy paired basic amino acid residues, is connected with 
1e-containing amino-terminal sequence preceded by a 
pptide®. We have now studied the relationship between 
the repetitive structure of preproenkephalin and the structural 
rganization of its gene by cloning a human genomic DNA 
segment containing the entire gene. We find that the general 
organization of the preproenkephalin gene is strikingly similar 
that of the gene encoding the common precursor of cor- 
tropin (ACTH) and A-lipotropin (6-LPH)’~ (alternatively 
ignated preproopiomelanocortin), another multi-hormone 
cursor. Furthermore, the complete mRNA and amino acid 
quences of human preproenkephalin have been deduced from 
the corresponding gene sequence. 
‘A human genomic DNA library’, kindly provided by Dr T. 
laniatis, was screened for phage carrying preproenkephalin 
“gene sequences by hybridization in situ’ at 60°C with the 
¿bovine cDNA probe’. The DNA inserts carried by the isolated 
a -hybridization-positive phage clones were subjected to restric- 
_ tion mapping and blot hybridization analysis’* with the cDNA 
- probe (see Fig. 1 legend for details of cloning). Figure 1a shows 
restriction map thus obtained for the hybridization-positive 
0- and 6.7-kilobase pair (kbp) EcoRI fragments, which were 
shown to be adjacent to each other. This restriction map is in 
agreement with that of the mRNA-coding sequence on human 
lacental cellular DNA constructed by blot hybridization analy- 
s with the bovine cDNA and the 2.0- “kbp EcoRI fragment as 
obes, thus assuring that the cloned 2.0- and 6.7-kbp EcoRI 
fragments are derived from a single segment of the human 
- genome. (The EcoRI site at the 5’ end of the 2.0-kbp fragment 
is derived from the EcoRI linker joining this fragment to the 
` phage vector.) These two EcoRI fragments were subcloned in 
the plasmid pBR322 (ref. 13) for further analysis. 

Detailed restriction maps for the mRNA-coding sequences 
< (exons) in the 2.0- and 6.7-kbp EcoRI fragments were construc- 
- ted, and the DNA fragments containing an exonic sequence 
and its surrounding regions were subjected to nucleotide 
sequence analysis by the procedure of Maxam and Gilbert'* 
- according to the strategy indicated (Fig. 1b, c). Comparison of 
he human DNA sequence determined (Fig. 2) with the nucleo- 
le sequence of the bovine cDNA’ has enabled us to locate 
fervening sequences (introns) in the human preproen- 
ne. One of them, 469 base pairs (bp) long (intron 
egment encoding the 5’-untranslated region of 
upstream from the translational initiation site. 
3.4 kbp long (intron B), interrupts the protein- 
ence between the triplets encoding amino acids 46 
eproenkephalin, DE SEE spectyine amino 












_ gene sequence of this region and the 5’ terminus of the mRNA, 


with protein sequencing. Bovine preproenkephalin con- 


ASSR ment of the introns i is supported by the general rulé fo 
exon~intron boundaries according to which an intron begin 
with a G-T and ends with an A-G dinucleotide '*. Furthermore 
the message strands at the ends of both introns are complemen 
tary to the 5'-terminal sequence of U1 small nuclear RNA, as 
observed for the introns of other genes'®'’, 

The cloned bovine cDNA used lacked a sequence of ~65 bp 
encoding the 5'-terminal region of the mRNA’. To identify the. 











we used two methods. First, a 5’-end-labelled DNA probe 
hybridized to the 5'-untranslated region of the mRNA was 
treated with S; nuclease, and the length of the protected DNA i 
fragment measured by electrophoresing it beside a size marker _ 
prepared by chemical cleavage of a sample of the labelled 
probe?" (Fig: 3a). Second, we estimated the size of the cDNA 
transcript formed by reverse transcriptase- -mediated elongation _ 
of a 5’-end-labelled DNA primer hybridized to a segment of 
the 5’-untranslated region of the mRNA (Fig. 35). The S, 
mapping procedure yielded a single DNA fragment which 
extended to the position corresponding to the C residue on the 
message strand located 217 nucleotides upstream from the 5’ 
end of intron A (see ref. 19 for this positioning). ‘This position : 
agreed approximately with that of the 5’ terminus of the mRN / 
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Fig. 1 Restriction mapping of cloned human genomic DNA containing 
the preproenkephalin gene and sequencing strategy. The library screened | 
was a collection of recombinant phage that carried human fetal liver DNA 
fragments generated by partial digestion with Haell] and Alul and joined 
to the A Charon 4A arms with EcoRI linkers. The hybridization probe was 
a mixture of the Psrl-cleaved inserts of plasmids pENK5 and pENK4S (ref. 
1) labelled with **P by nick-translation®'. Five hybridization-positive phage 
clones were isolated from about 10° plaques by repeated plaque purification. 
Two of these clones (first type) carried a DNA insert containing six EcoRI 
fragments with approximate lengths of 1.1, 1.2, 1.4, 2.0, 2.9 and 6.7 kbp, 
and the 2.0- and 6.7-kbp fragments hybridized with the cDNA probe", 
The inserts of the remaining three clones (second type) contained five EcaR b> 
fragments approximately 1.1, 1.2, 1.8, 2.9 and 3.2 kbp long, and only the = 
3.2-kbp fragment was hybridization-positive. The presence of common... 
restriction sites suggested that the two types of clone carried an overlapping 
DNA segment and that the 3.2-kbp fragment in the clones of the second 
type constituted a portion of the 6.7-kbp fragment in the clones of the first 
type. Restriction maps with scales on the right side are given for the DNA. 
segment composed of the 2.0- and 6.7-kbp EcoRI fragments (a), a portion 
of the 2.0-kbp EcoRI fragment containing exons 1 and 2 (6) and a portion 
of the 6.7-kbp EcoRI fragment containing exon 3 ic). The direction of 
transcription is from left to right. For reference, the locations of the exons — 
are shown by closed boxes. All existing sites for the endonucleases indicated _ 
are displayed in a; only relevant restriction sites are shown in $ and e. The 
horizontal arrows beneath the restriction maps in b and ¢ indicate the- 
direction and extent of sequence determinations. Further experimenta 
details have been described previously*”>. 
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ndicated. by the primer elongation experiment, so that the 
teri inal gene sequence is uninterrupted. It is known that 





protected DNA fragments which are four and five nucleotides site, 


ping site of the preproenkephalin. gene at the A residue 213 bp — exon-intron boundaries'* 
upstream from the 5’ end of intron A 











methionine. The sequences of Met- 


amino acid residues (or by the carboxy- < 


onger than expected, perhaps because a cap structure at the On the basis of the results described above, we conclude that 
5' terminus of the mRNA hinders digestion of the DNA probe the human preproenkephalin gene is ~5.2 kbp long and consists 
by S, nuclease” . Furthermore, most eukaryotic mRNAs start of three. exons (designated exons 1, 2 and 3 in the 5’ to 3' 
with an A residue?! . Therefore, we tentatively locate the cap- direction) separated by. two introns. If the G-T/A-G rule for 
AS applied and if the redundant A 
A. Consistent with this residue at the poly(A) addition site is not counted, exon 1 is 
-assignment is the presence of a ‘Hogness | box’ (ref. 22; reviewed | composet.¢ . 213 3 bp, exon 2 ot. 141 2 and « exon 3, of 980 pp: 








. Fig. 2 Nucleotide ‘sequence of the 
- human preproenkephalin gene and com- z 


parison with that of the bovine cDNA, 
The nucleotide. sequence of the human 
message strand, together with the 
deduced amino ‘acid sequence, is shown, 
and the nucleotide and amino acid 
differences found in the bovine sequen- 
ces' (derived from the nucleotide sequen- 
ces of the cDNA clones pENKS and 
pENK45) are displayed beneath the 
human sequences; the absence of a 
nucleotide or an amino acid in the bovine 
sequence indicates that the human and 
bovine sequences are the same; the pres- 
ence of a colon in either nucleotide 
sequence indicates a gap; the hyphens. 
indicate sequences that have not been ` 
determined. or cloned. The amino acid ~ 
residues in the human sequence are num- 
bered, beginning with the initiative — 
















enkephalin, ` Leu-enkephalin and Met- 
enkephalin. with a carboxy! extension, | 
which are each bounded by paired basic 





terminus of preproenkephalin), are boxed re 
together with the coding nucleotides. The 7 

exon-intron junctions, which are posi- 

tioned according to the G-T/A-G rule’, 

are indicated by vertical lines. The 
sequences at both ends of the introns that. 
are complementary to. the 5/-terminal a 
sequences. of U1 small nuclear RNA àre 

underlined. The: putative sites of capping 
and poly(A) addition are indicated by ver- 
tical arrows. The ‘Hogness box: and a 
variant. of the ‘model -sequence : 


Č <4 
GG CCAATCT in thë 'S'flanking region ` 


are boxed. The palindromes in the 5'- 

flanking region are shown by pairs of 

horizontal arrows starting at their centre 
above the nucleotide sequence. 















in ref. 21) anda variant of the model sequence GGOCAATCT 


T 


10use f globin mRNA, analysed by S, mapping, yields. two (ref. 23) 29 and 67 bp, respectively, upstream from the capping 








at position 178). Thus puran epee to iat consists 
amino acids and has a calculated molecular weight of 30,785 
The coding regions for the enkephalin and extended enk phali 
sequences and the paired basic amino acid residues. fla 
them exhibit no nucleotide substitution resulting in an amino 
acid replacement (replacement substitution), except for th 
substitution of Arg at codon 99 of the human sequence for Lys _ 
in the bovine sequence. The coding region for the peptide 
fragment positioned between the Leu-enkephalin and the pre- 
ceding Met-enkephalin sequences also shows no replacement - 
substitution. On the other hand, the remaining regions are 
subjected to some amino acid replacements, although they are . 
fairly well conserved. | 

We have previously noted that the structural organization of. 
preproenkephalin resembles that of the ACTH-8-LPH precur- 
sor in that both pronase are ee of aple fepe ive 












































in the segment DE be anea cheap Q 
mRNA near the translational initiation site, and the other 


i the protein-coding sequence near the signal peptide region 
a Identification of the 4‘ terminus of human peoe mRNA an almost equivalent position. 


~$, mapping (a) and primer elongation ihh. Poly(A)-containing RNA a 
isolated from human pheochromocytomas obtained by tumour resection A characteristic of both the preproenkephalin gene and the 


g to. the procedure used previously for the isolation of rat liver ACTH-8-LPH precursor gene is that all the repeated 
> 2.0-kbp EcoRI fragment, isolated from the plasmid carrying enkephalin or melanotropin sequences are encoded by a singi 




































Je ved by Hinfl, and the ~650-bp Hinfl~Hinfl fragment (located 
pstream in Fig. 16) was isolated and labelled with “P at the 5’ end. large exon (exon 3). When anew gene like an. immunoglobuli 
is labelled fragment was cleaved by Sau3Al, and the ~400-bp heavy chain gene was created by duplication of a primordi: 


au3Al fragment (see Fig. 1b) was isolated and used as a probe. DNA segment encoding a functional translation unit together 
‘probe (0.03 pmol, 1.2% 10° ¢.p.m.) was denatured, hybridized to with its flanking regions, the organism might have adopted a 





poly(A) RNA (20 pg) in 80% formamide at 63 °C for 3 h and digested with 
S$, nuclease'*. A sample of the labelled probe was subjected. to the G, pres existing RNA splicing mechanism to eliminate a space . 
“ADC, T and G+A degradations'*** and used as a size marker. The between the duplicated units’. Unlike the domains of 
product of S, digestion and the size marker were electrophoresed on 7 M immunoglobulins, the repeated peptide units of the multi- 
A Pall 8% e e gol- n G A T T hormone precursors do not function as parts of an integrated 
>.>. fragment was cleaved by Smal, and the resulting products were denature | | , j : 
2 and electrophoresed on 7 M urea/6% polyacrylamide: gel for strand separ- protein molecule, but at destined to- be separated from one 
-ot ation!*, The anti-message strand (62 nucleotides) of the smaller HinfI-Smal another by proteolytic cleavage to exhibit coordinated biologi- 


_- fragment (4 pmol, 1.6 x 10’ c.p.m.) (see Fig. 15) was hybridized to poly(A) cal activities'’*°*°. In such a case, the organism might have 
RNA (20 pg) in 0.4M KCI at 60°C for 1h and then subjected to reverse resorted to a pre-existing protein-processing mechanism to 









transcriptase reaction™, The cDNA formed was electrophoresed on 7M l 
rea/6% polyacrylamide gel. The size of the largest cDNA species was remove the spacer region. The signals specifying the sites of | 
mated to be ~160 nucleotides by comparison with the 5'-end-labelled: proteolytic cleavage might have existed in the ancestral DNA 


oe products of pBR322 DNA, the sizes of which are given in segment or might have been created de novo by drift at the 
nucleotides. For further experimental details, see ref. 25. proper positions after duplication. This duplication process — 
| could be repeated to produce the characteristic structure of the | 
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a bowi et block; and hes introns by lines; the Ciena he of the lines do not eo i the real EA of the introns. The sites of capping, translational: 2 
translational termination (TAA) and poly(A) addition are indicated. The segments encoding the 5'- and 3’-untranslated regions of the mRNA 
boxes: Amino acid numbers (see. Fig. 2) are given above the gene sequence. The open slits in the protein-coding segment represent the 
forthe. paired basic amino acid residues separating the component peptides, which are displayed beneath the gene sequence. The protein-coding | 
‘inte 14 regions bounded by the paired basic residues (or by one of the termini or by the cleavage site of the Signal peptide). The regions with. 
lacement substitutions are shown by shaded and solid boxes, respectively. The corrected per cent divergence?” calculated for the. replacement E 
öf each region is as follows (codons corresponding to gaps were excluded from the calculation): signal peptide region {amino acid residues 
esidups 25-97, 10.5; residues 114-133, 13.9; residues 143-183, 16.4; residues 196-207, 9.4; residues 237-258, 5.9. enk, Cokephaln, 

















ween the coding: regions for the enn units. of t the mule: 
hormone precursors may have been lost, as proposed for the 
C-peptide-coding region of the rat preproinsulin I gene™™”. 


‘Once a flanking peptide, connected with a duplicated unit, has 


“acquired a specific function'*°?°, however, the deletion of an 


intron would have to be precise, and this would be a rather — 


rare event. In view of the fact that the multi-hormone precursor 
< -genes contain, in addition to the coding regions for the repeated 
units, many segments that apparently represent direct duplica- 
tions'”°, it seems more likely that the repetitive structure of 
these genes has evolved by duplication of an ancestral DNA 
segment at adjacent positions in conjunction with a protein- 
processing mechanism. On the other hand, the two introns of 
these genes, located upstream of the region encoding the mul- 
tiple repetitive units, may have been generated by assembling 
primordial exons together with their flanking regions during 
exon shuffling (reviewed in ref. 29). The close resemblance 
= between the structural organizations of the preproenkephalin 

. gene and the ACTH-8-LPH precursor gene suggests that these 


multi-hormone precursor genes may have evolved by a similar 


mechanism. 
‘This investigation was supported in part by research grants 


from the Ministry of Education, Science and Culture of Japan, 
-the Mitsubishi Foundation and the Japanese Foundation of- 


“Metabolism and Diseases, 


Note added in proof: The cDNA sequence f for human preproen- 
° confirms our assign- 
_ment of the two introns, but indicates that nucleotides 71-157 
- (numbered beginning with the capping site) can be eliminated : 
by RNA splicing. This spliced mRNA could not be detected. 
-by the probe or primer described in Fig. 3 legend, but we have 
-nów identified it as a major mRNA species in addition to the 
mRNA containing nucleotides 71-157 as a minor species. The 
_§'-terminal 113 nucleotides reported by Comb et al.*° can be 
. accounted for by an artefactual inverted repeat of the cDNA 


-kephalin reported recently by Comb et al.’ 


-sequence starting with the second nucleotide of codon 242. 
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The organization of histone gene complexes in higher eukaryotes 
has long been a focus of study in eukaryotic molecular biology. 
The best studied and most extensively characterized histone 
gene families are those of the sea urchin Strongylocentrotus: 
purpuratus and Lytechinus pictus’’, which are also the arche- 
typal example of tandemly duplicated genes, each of the four 
core histone genes and the histone H1 gene being represented 
once in each tandem repeat unit. Recently, it has become — 
apparent that the organization of histone gene families from _ 
higher eukaryotes does not follow these classical examples, a _ 
clustered but net tandemly duplicated arrangement having bee 
found in chicken, mouse and humans’. In the chicken, the mee 
genes are organized in apparently random: arrays with no cluster. a 
of genes being structurally analogous to another cluster’. In 
Xenopus, there is evidence for some degree of tandem duplica- 
tion, and yet there is divergence within these clusters“. In yeast, 
the two gene clusters, each containing an H2a and H2b gene, 
are separate frem other histone genes in the organism; further- 
more these two clusters are unlinked to one another, but show 
evidence of close conservation of sequence between the two 
clusters’. During the routine screening and processing of a 
number of chicken histone gene recombinants we discovered _ 
one chicken histone H3 gene which displayed abnormal charac- E 
teristics with respect to the majority of the genes in our collec- 
tion. Closer examination of this gene showed it to be structurally 
different in that it is the first demonstrated example of a histow 
gene which contains intervening DNA sequences. See 
Two recombinants initially identified by hybridization to — 
heterologous sea urchin and Drosophila histone gene coding _ 
sequences are shown in Fig. 1. Figure 1a shows the recombinant 
insert chromosomal DNA segment of ACH3d and Fig. 1b shows 
the position and orientation of an H3 gene contained within .., 
ACH3d and the subclone (pCH3dRD) used for further analysis. ~ 
Figure 1c shows the sequencing strategy and an abbreviated 
restriction map in and around the H3 gene contained within. 
ACH3d, and Fig. 1d~f shows the restriction map, subclone 
designation and sequencing strategy of the histone H3 genein- 
recombinant ACH4a. Mapping and hybridization details of : 
ACH3d were published previously’. ae 
The histone H3 gene in ACH3d was chosen for sequence _ 
analysis because of strong suggestive evidence from RNA blots = | 
that this H3 gene was expressed in embryos (see below), In 
order to obtain a representative copy of each of the core histone 
genes for further identification of other, homologous chick 
histone genes within our isolated recombinants, we chose the 
H3 gene in ACH3d at random as an H3 gene-specific sequence. 
The H3 gene in ACH4a, however, was chosen for further 
analysis primarily because of strong hybridization of a mapping. ¥ 
blot of this recombinant to cDNA prepared against adult red 
cell poly(A)” mRNA. {data not shown). Since the only chick 
histone mRNA reported to be polyadenylated is histone H5- 
(ref. 8), we made the initial assumption that ACH4a contained _ 
a red cell-specific H5 histone gene. Subsequent sequence analy- ` 
sis (see below) proved that this parucular locus encodes, rather, 
a novel histone H3 gene. — TE 
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>o Fig. 1 Chick histone recombinants and DNA sequencing 
Strategy. A Charon 4A/genamic chicken DNA recombinants’ 
_ ACH3d (ref. 3) and ACH4a are depicted in a and d respectively. 
_Subclones containing the H3 genes from these chromosomal rec- 
ombinants were prepared by ligation to homologous restriction 
ites of pBR322. The H3 gene in ACH3d is contained within 
belone pCH3dR1 (b; heavy arrow indicates direction and extent 
of transcription), whereas the coding sequences of the H3 gene 
ida is contained within subclones pCH4a-2.0 (5’ and central 
mi pCH4a-2. 3 (3’ exon). Restriction enzymes used were: 
f= BamHI, V=Hindlll; A=Kpni: A= Sall; 
ea y= Aval. DNA fragm ments used for sequence Analysis 
ere isolated by electroelution™ and labelled at 5’ ends” (solid 
_ dines, c and fi or 3’ ends?” (dashed lines, c and f). Chemical 
` reactions? and polyacrylamide gel electrophoreses were per- 
formed as previously described” 75, 
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i scribed previously’, the H3 histone gene in ACH3d is 
0 at least one other chicken histone gene, an H4 gene 
in the 5' direction (in transcriptional sense) from the 
ene of ACH3d. However, no chicken histone genes other 
the H3 gene shown in Fig. le have been identified on 
H4a (Fig. 1d) or on the chicken DNA sequences of an 
overlapping recombinant, ACHSd, which extends approxi- 
<: mately 4 kilobases (5’ relative to the H3 gene) beyond the end 
of the ACH4a insert. However, we cannot yet rule out the 
possibility that an H1 or H5 histone gene is linked to this H3 
gene, or that other histone genes are located in chicken chromo- 
somal DNA close to this gene but beyond the ACH4a and 
ACHSd inserts. 
-The DNA sequence of the H3 genes in ACH3d and ACH4a 
sresented in Fig. 2. The H3 gene in ACH3d, like all other 
stone genes described to date, contains no introns (that is, 
DNA sequence indicates that the polypeptide chain is 
) linear with the H3 polypeptide; Fig. 2, line B). This histone 














Fig. 2 DNA Sequence of linear and interrup- °? 


sequence of the major chicken erythrocyte H3 


ii spine! (called H3.2 in ref. 11) is shown 40 

GlyValLysLysProHisArgTyrargProGlyThrValAlaLewuArgGlulleArgArgTyrGlnLysSerThrGluLeuLeulleArglysLeuProPheGin 
GGCGTGAAGAAGCCACACCGTTATCOGCCCGGTACGGT GGCECTECGCGAAATCCGGCGCTACCAGAAGCTCCACGGAACTGCTGATCCGCAAACTOCCETTCCAA 
EEEN AIN CTGGTACTGTGGCOCTCCGTGAAATCAGGCGCTATCAGAAGTCAACCGAACTTTTAATCOGCAAGCTTCOCTTCCAG 


, and is also the sequence predicted by 
a the. H3 gene in pCH3dR1 (b). Unassigned 
~ghutamate/glutamine or aspartate/asparagine 
_ residues in the original polypeptide sequence” 70 
tween amino acids 73 and 85) are assigned 
the DNA sequence (underlined third let- 
three letter amino acid code; line a). The 
sequence of the split gene in ACH4a is 
ne c above the amino acid sequence 
dult H3.3 histone polypeptide"! 
he two polypeptides (lines a and 
in line d). Differences in the two 


110 












AlaArgThrLysGinThralaArgLysSerThrGlyGlyLysAlaProArgLysGlnLeuAlaThrlysAlaAlaArgiyeSerAlaProAlaThreél y 

: j ; ; b  atgGCGCCTACGAAGCAGACGGCGCGTAAGTCGACGGCOGGGAAGGCOCCOCGCAAGCAGCTGCCCACCAAGGCGCCCCOTAAGAGCGCGCCGGCCACGGEG 

ted chicken histone H3 genes. The amino acid < atgGCCCGTACCAAGCAGACCOCCCCGCAAGTCCACCGGCOGCAAGGCGCCCCGCAAGCAGCTCGCCACCAACGCGGCCEGCAAAACCGCCOCCTCTACTEGC 
d 


ArgLeuValArgGlulleAlaGlnAs pPheLysThrAspLeuArgPheGlaSerSerAlaValMerAlaLeuGinGluAlaSerGluAlaTyrLeuValGlyLeu. _ 
CGCETEGTOCGCGAGATCGCGNNNGACTTCAAGACTGATCTGCGCTTCCAGAGCTCGGCCGTCATGGCGCTCCAGGAGCCGAGUGACGCCT ACCT TGTCGCCETC 
COTCTGGTGCGTGAAATTGCTCAGGACTTCAAAACAGATCTGCECTTCCAGAGCGCTGCTATCGGTGCTTTGCA AGGCAAGTGAAGCCTACTTGCTTGGCETC.. 


PheGluAspThrAsnLeuCysAlal leHisAlaLysArgVal Thri leMetProLysAsplieGinLeuAl aArgArglieArgGlyGluArgaAla 
TT CGAGGACACT AATCTCTGTGCCATCCACGCCAAGCGCGTCACCATTATGCCCAAGGAT ATCCAGCTCGCTCGCCGTATCOGTGGAGAGCECGCE Et ga 
TTTGAAGATACCAACCTGTCTGCTATCCATGCCAAACGTGTCACAATCA TGCCAAAAGATATCCAGCTAGCACGCCGCATTCGTOGOGAGCOTOCC aa 


sequences are underlined; the differences between the prediction from the interrupted gene sequence (line c) and the H3.3. 
variant!” are boxed. (positions 31 and 87). The position and size já the two introns in the split gene are shown as bea ad 






z : 
of the: dult chicken erythrocyte Wish. H3 poly 
a) reported previously’. Furthermore, the gene 
‘CCAAT and ‘ATA’ polymerase II consensus sequence 
the gene (data not shown). i 
In striking contrast, the histone H3 gene represented by: th 
chromosomal region expanded in Fig. le, is interrupted by two 
introns, dividing the coding sequence for this gene into three 
roughly equal coding parts. This DNA sequence (Fig. 2, line 
c) predicts an amino acid sequence very similar to that of a 
minor histone H3. polypeptide found in low abundance in. 
somatic avian tissue (for example, in the erythrocyte, liver and 
perhaps other tissues)”. However, the predicted amino acid 
sequence of this gene differs by reciprocal, conservative changes 
from the chick erythrocyte histone H3.3 polypeptide previously 
described" at coding positions 31 and 87 (Fig. 2, line d). Thus 
we cannot be sure whether, in fact, this gene codes for the 
polypeptide initially described by Urban et al. H; or perhaps 
codes for yet another (low abundance) erythrocyte histone H3 
gene. a 
The DNA sequence of the interrupted gene. contains 20 
canonical sequences (outside of the coding sequence) indicative 
of an expressed gene for poly(A)” mRNAs isolated and charac- 
terized to date; that is, within 741 nucleotides It oth 
tion codon we have been unable to find the ‘AAUAAZ 
addition „Sequence found in other eukaryotic 
mRNAs”, nor within the 873 nucleotides 5’ to thi 
codon do we see evidence for ‘CCAAT or ‘ATA’ cc ns 
sequences'*"* (data not shown). However, the splice j ju 
nucleotides 5'-GT and 3'-AG are present flanking both in 
as have been found in all: intron-containing. polymerase I 
transcribed genes studied to date’*'*. 255 bases 3' to the termi 
nation codon, one finds an oligo d(A,,GA,) encoded in th 
mRNA sense strand. This oligo(A) sequence, if transcribed 
would account for the selection of the mRNA synthesized fron 
the split gene on oligo d(T) cellulose. We have no independe 
data to show whether, in addition, a post-transcriptional h 
added 3’ polyadenylate tail also exists. P 
To ascertain if (and if so, when) the H3 genes were expressec 
during avian development, RNA blotting experiments we 
undertaken. The results of this kind of experiment are showr 
in Fig. 3. The probe was generated from the histone H3 gene 
subclone of ACH3d used for sequencing (pCH3dR1; Fig. 15 
and hybridizes specifically and with high affinity to RNA pre- 
pared from several samples of 4 and 5 day embryonic RNA 
Thus, this gene appears to be expressed both in the avian 
embryo and in embryonic red. cells (Fig. 3, lanes 1, 2), but not. 
in late embryonic or mature adult tissues (Fig. 3, lanes 3, 4). 
When the identical RNA samples. were hybridized with similar 
probes which contained the split gene exons, hybridization was 
seen to all RNA samples examined (data not shown); however, 
the pattern of hybridization was more diffuse and always less 
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species which is primarily embryonic in origin. 


Thus the two chick histone H3 genes described here differ 
strikingly in primary DNA sequence. The H3 gene in ACH3d 


has a structure similar to other histone genes reported to date’, 


and hybridizes exclusively to chick mRNAs which are embry- 


_ onic in origin, whereas the H3 gene in ACH4a has two interrup- 
- tions in the coding segment of the gene. 


We have not been able to demonstrate the presence of either 


_ 5’ or 3’ consensus sequences common to other eukaryotic poly- 
merase II transcripts in the DNA sequence of the split H3 gene. 
We are now examining sequences distal to the coding sequence 
portion of the gene reported here for the presence of these 

polymerase II consensus sequences. The absence of an observ- 
-able poly(A) addition sequence (AAUAAA) is not surprising 


«since this gene may not be polyadenylated by a post-transcrip-. 


tional mechanism, and may appear in the poly(A)” mRNA 


-fraction only because it contains a transcribed A-rich sequence 
-(Ay,GAg). The absence of an ‘ATA’-type 5'-flanking sequence 
is in contrast with several other chicken histone gene sequences 
‘examined (our unpublished results), but the actual mRNA 
initiation site may be outside the presently sequenced region- 
of DNA. In particular, it is possible that another intron exists. 
n the 5’ transcribed spacer region of the gene, and for this. 

2ason we have not yet identified the ‘leader’ sequence of the. 


‘mature mRNA in the split gene. 


‘It is interesting from a developmental viewpoint that the. 


istone H3 gene in ACH3d encodes an embryonic message 


corresponding to a polypeptide which is likely to be identical. 
o the major adult erythrocyte histone H3 (ref. 9), but nonethe- 
ess appears not to be expressed in the adult red cell. This: 


DNA fragment size (kbp) 
a 
a 





Fig. 3 Analysis of RNAs synthesized by the ACH3d histone H3 
gene. Total cellular RNA and poly(A)” RNA was. prepared as 

~: described elsewhere”®; 5 wg per lane was reacted with glyoxal in 
dimethyl sulphoxide, electrophoresed and blotted to nitrocel- 
lulose? RNAs used were: lane 1, 4-day chick embryo total 
cellular RNA; lane 2, 5-day chick embryo red cell cytoplasmic 
URNA; lane 3, adult chicken red cell cytoplasmic RNA; lane 4, 
‘oligo d(T)-cellulose selected adult chicken red cell cytoplasmic 
RNA. Hybridization was to nick-translated pCH3dRI (specific 
activity: 1.5 10° cp.m. per ug). After hybridization, filters were 
finally washed in a solution containing total aie Nea cation 
_ concentration of 20 mM. Thus the homolo ous 7 m should. be 
about 77 °C for a 58% G+C base-pair hybrid”® ert ‘filter washes 

were performed at 60°C. Exposure time was 9 h” 


siste dization was s e split H3 ge ~ tide is produ i 
from every tissue which was eae. We sonchude on separate genes (one embryonic ‘and one adult) which, from the 


these data that the histone H3 gene in ACH3d encodes an RNA 
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RNA blots (Fig. 3) must differ significantly in nucleic acid 
sequence, The alternative explanation, thatthe two genes differ 
widely in amino acid sequence (for example, i in the ambiguous 
glutamine/glutamate and asparagine/ aspartate positions *, 
originally unassigned in the amino acid sequence: "i is less com- = 
pelling since the histones, as often reported, appear to show 
extreme amino acid sequence conservation 

The structure of the split histone H3 gene in ACH4a poses 
several important questions for further investigation. First, is 
this gene expressed? Several pieces of data suggest that the 
split gene is transcriptionally active: (1) cDNA prepared to 
poly(A)* chicken cellular RNA selected by oligo d(T) cellulose 
hybridizes exclusively and with high affinity to the presumptive __ 
exon sequences; (2) the DNA sequence predicts a polypeptide = 
sequence which is very similar to that of an H3 histone found — 
in adult chicken tissue; (3) no internal stop codons are found, 
in phase, in the three ‘exons’; (4) the intervening DNA sequen- 
ces are bounded by conventional (8’-GT, 3’-AG) splice junc- <% 
tions at the intron—exon borders; (5) in all tissues examined, 
RNA is transcribed which hybridizes to this locus. We are now 
examining the strandedness, tissue specificity, abundance and | 
size of the transcription products at this locus. Our preliminary _ 
RNA biotting results raise the possibility that the pattern of © 
chicken histone RNA synthesis. might. well be analogous to 
Xenopus 5S RNA gene expression, in which oocyte-specific 588 
RNAs are synthesized only at early times. (corresponding to- i 
our embryonic H3 gene in à CH3d), whereas the somatic 5S 
genes are expressed in both the oocyte and mature frog’® 



















(corresponding to: expression of the split gene). 
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January 1977 the Secretary of State for 
Energy issued a paper entitled Some 
Aspects of the Safety of Nuclear 

installations in Great Britain. The 
_ “importance of this paper lies not in its 
-content but in the reasons for writing it; for 
it was in part a response to forty-five 
_. questions put by the Friends of the Earth. 
_ In John Chicken’s words, it “established 
the precedent for questions by interest 
groups to the Government on nuclear 
safety to be answered publicly”. 
Chicken’s book recounts the brief 
story of public concern about hazards 
from nuclear power and the effects of this 
‘concern ipon policy. Do not be put off by 
yhantine adjectival . nouns in the 
ne book isa clearly written for the 































SS specialist who may want. to- consult the 


red attitudes towards the real, but 
fferent, risks in the nuclear power 


shment, 


generate power from uranium than from 
‘coal or oil. The climax of the book is an 
analysis of the Windscale Inquiry 
published in 1978 and the value of the book 
; that it puts this Inquiry into historical 
perspective. It explains (what might 
=< otherwise be inexplicable} how nuclear 
ower stations are regarded by some 
ee people as polluting in the ancient meaning 
~ of the word “‘pollute’’: ‘‘to render morally 
mpure, desecrate, destroy the sanctity of 
_..."" As was demonstrated at the Inquiry, 
the very use of radioactive materials for 
peaceful purposes is tainted by their 
AE possible. use for deliberate destruction. 
-> Chicken’s sober and modest chronicle 
- begins with asummary of the development 
_ of nuclear power and the ways in which it is 
-now controlled. Against this background 
he sets. his story. First, there was the 
_ development of a British atomic bomb, 
- described in the superb official history by 
: Margaret Gowing. The decision to make 
bomb was taken by a Labour 
vernment under Attlee; or, rather, by a 
T pof men workingi in such secrecy 
n the Cabinet was 























abour Ċ overnment’ s 
es Chicken) “from 





eneral reader and well documented forthe 


„sources. Its theme is that the terrors of 
„nuclear warfare have, by association, 


The effect of this has been a — 
ation with safety ; forced uponthe | 
, impulsive reaction ne. 
i by the media — to every report of = 
ccident and a refusal to accept the ~ 
ence that, so far, it has been safer to- 









Eric Ashby 





Nuclear Power Hazard Control Policy. By 
John C. Chicken. Pp.272. Hbk ISBN 
0-08-023254-X; pbk ISBN 0-08-023255-8. 
(Pergamon: 1982.) Hbk £20, $40; pbk 
£7.50, $15. 


on Atomic Energy in the House of 
Commons... .”’ 

It seemed at first as though the peaceful 
uses of atomic energy could be developed 
with as little participation from the public 
as had occurred in its use for defence. The 
Atomic Energy Authority was set up in 
1954. Its first report evidently did not 
anticipate hostility from the public. It 
carried a mild reassurance about risk: the 
reactors would “present no more danger to 


people living nearby than many existing 


industrial works that are sited within built- 


up areas’’. In 1957 Britain’s first nuclear 
_ power station was opened and it was 
-announced that more would follow; a 
-Safety Branch of the Authority was 







: all without any serious signs of 
neern among the public. It was a period 
of “quiet acceptance”; policy for energy 
was being left to the experts. 

In. the 1960s this quiet acceptance was 
overturned by a worldwide surge of 





disenchantment with technocrats and the 
establishments that employed them. The 
< episode is too close to us for an objective 


historical analysis to be made of it. Chicken 
concentrates upon its impact on policies 
for energy, though he quite rightly sees that 
nuclear power was only one of several 
issues used by the so-called ‘‘counter 
culture’’ as tools for protest. The 
movement began in the United States 
before it reached Britain, fuelled by 
resentment about the Vietnam war and the 
denial of civil rights to minority groups. It 
spread to an indictment of industry, 
symbolized by Ralph Nader’s withering 
criticism of negligence over safety in the 
design of automobiles. A wave of anxiety 
about pollution and a mood of guilt about 
exploitation of the environment swept 
across the affluent industrial nations. 
Radiation is the most ominous form of 
pollution; its military uses, its temptation 
for terrorists, its association with cancer, 
its persistence if released into the 
environment, the delayed action of its 
alarming toxicity, even its invisibility: all 
combined to make nuclear power a prime 
target for suspicion and protest. 
Anti-nuclear lobbies work at two quite 
different levels, often simultaneously. At 
one level they question the need for nuclear 
power at all; they want an energy policy 
based on coal or, better, renewable 


resources, and much greater economy in 
the use of energy. They are willingtoaccept : 
a lower material standard of living to o 
achieve these ends. At the other level are : 
those who question the safety of specific = 
reactors on specific sites. It isat this second 
level that assurances about hazard-control 
become essential if there is to be a viable 
nuclear power industry. In 1975 two events 
occurred that concentrated attention upon 
hazard-control: one was the accident to a. 
reactor at Browns Ferry in Alabama which - 
— though nobody was hurt — was useful 
ammunition for the anti-nuclear lobbies. 
The other event was the publication of : 
Rasmussen Report, which became — 
remains — the most useful weapon in tk 
armoury of pro-nuclear lobbies. At he 
time of the Presidential Election in the 
United States in 1976 the call for a 
moratorium in the building of nuci 
reactors became an election issue. In 
following year tens of thousands o 
demonstrators challenged the building of 
fast reactor in France. In Britain there wW 
comparative quiet on these issues until 
British Nuclear Fuels. proposed to extend 
their fuel reprocessing plant at. Windsca’ i 
The Government wisely decided to thros 
the whole i issue open to public scrutiny anc g 
discussion. i 

There is already a shelf-load of books, 
articles and pamphlets about the 
Windscale Inquiry. Nevertheless 
Chicken’s careful analysis of the decisions. 
about risk and the influence of public a 
interest groups on these decisions is a 
valuable addition to this literature. The 
important and encouraging point he makes — 
is that the public interest groups, despite 
their reliance on voluntary subscriptions to 
pay the costs of conducting their case, did 
have a significant influence on the findings 
of the Inquiry and taught the proponents 
of the proposal lessons they would not have 
learnt without the dedicated and 
competent efforts of such bodies as the 
Friends of the Earth. 

Chicken’s analysis leads him to make. 
some tentative suggestions about 
procedures for involving the public in’ 
decisions about what they regard as — 
‘acceptable risks”. Despite criticisms’ 
(some of which, for example in The 
Ecologist, quoted on p. 172, were 
contemptible) the style of the Inquiry was 
Satisfactory. But there is room for 
improvement in three respects. First, it is 
important that public interest groups ` 
should be financed from public funds fo 
the significant part they play ine 
inquiries. Chicken does. not 












































































„should have access to all the technical data 
possessed by the proponents. Third, and 
equally essential, Parliament, as the legally 
constituted forum for the ventilation of 
public opinion, should participate in 
decisions as'to how safe is safe enough. 
: Finally, a word about the style and 
: production of the book. John Chicken is to 
be congratulated on the impeccable way in 


< which he refers the reader back and forth to 


the details of his complex chronicle: the 
book is admirably signposted. As to 
production, the book has been published 
from camera-ready copy which is a good 
_ thing because it keeps the price at a 
reasonable level; but there are a lot of 
misprints: surely these could have been 
corrected as easily in typescript as in 
ordinary set type. E 





Eric Ashby is a Fellow of Clare College, 
Cambridge. He is joint author with Mary 
Anderson of The Politics of Clean Air published 
by the Clarendon Press late last year. 


| Journals’ review issue 1982 
_ On October 7th Nature will publish a second 
| review supplement devoted to science 
{i journals. Last year’s supplement, covering 
: journals first published between January 
| 1978 and May 1980, appeared in Nature 293, 
| 341-369; see p.343 of that issue for details. 
+ Criteria for inclusion of a journal in the 
i 1982 issue are that: 
@ the first number appeared, or the 
journal was re-titled, between June 
1980 and May 1981; 
© it is published at least three times a 
year; | 
@ the main language used is English. 


Broadly, periodicals of professional 
interest to scientists will be considered for 
| review, with the exception. of abstracts’ 
=q journals. 

In addition it is hoped to cover publicly 
available newsletters, first published 
' between January 1978 and May 1981, in that 
issue, 

Publishers and societies are invited to 
submit four sample issues of periodicals 
satisfying the above criteria, including the 
first and most recent numbers, to the Review 
Editor, Nature, 4 Little Essex St, London 
WC2R 3LF, England (London 836 6633 
ext 2570) as soon as possible. 


















| © Oliphant by Stewart Cockburn and 
‘| David Ellyard (reviewed in Nature 296, 685; 

1982) is available in the UK from W. Heffer, 
20 Trinity. St, Cambridge CB2 3NG or. C.M. 
Watkins, 44 Madrid Rd, London SW13. 

© Price is £14.90 + post and packaging. 


| @Vernon Booth’s Writing a Scientific Paper 
-and Speaking at Scientific Meetings, Sth Edn 
: (reviewed in Nature 296, 499; 1982) can be | 
obtained from The Biochemical Society 
Book Depot, PO Box 32, Commerce Way, 
‘Colchester CO2 8HP, UK. 


i éssential that the. public interest ground 


American or New Scientist’, 


Colin Upstill 


Catastrophe Theory for Scientists and 


Engineers. By R. Gilmore. Pp.680. ISBN 
0-471-05064-4. (Wiley: 1981.) £32.15, $61. 
Instabilities and Catastrophes in Science 
and Engineering. By J.M.T. Thompson. 
Pp.226. Hbk ISBN 0-471-09973-2: pbk 
ISBN 0-471-10071-4. (Wiley: 1982.) Hbk 
£14.50, $34.75; pbk £8.25, $19.50. 





THE term ‘‘catastrophe theory’’ is open to 
wide interpretation, depending upon the 
scope accorded it. René Thom considered 
catastrophe theory to be a theory of general 
morphology, a topological bifurcation 
theory for systems and bifurcations of very 
general type, and this usage is now 
common. Under this broad roof lives a 
great body of work including such topics as 
bifurcation theory, dynamical systems 
theory, singularity theory and elementary 
catastrophe theory. The lines of 
demarcation between topics are neither 
fixed nor of zero width: something of a 
consensus is emerging, but many authors 
have used, do use, and no doubt will use, 
these and other terms without clearly 
stating what they mean by them. 

Elementary catastrophe theory (ECT), 
the study of the equilibria of gradient 
systems, is the part of catastrophe theory 
which embodies the most simplifying 
assumptions, and is the most developed 
and accessible part of the theory. The 
qualifying adjective is often dropped for 
ease of exposition; thus catastrophe theory 
may mean something very general or 
something quite specific. When, as 
sometimes happens, the same author uses 
the term in both senses, the potential for 
confusion is maximized. Neither Gilmore 
nor Thompson is actually guilty of this, but 
there is a marked difference in the manner 
in which they deal with the welter of 
jargon. 

In the first three pages of an excellent 
text, Gilmore explains briefly and clearly 
what catastrophe theory is, and what 
dynamical and gradient systems are and 
how they and ECT fit together. In the first 
of four parts of the text, he goes on to 
“present Elementary Catastrophe Theory 
from an elementary point of view” ina way 
which is well tailored to the needs and 
background of most physical scientists and 
engineers, defining technical terms crisply 
and clearly without recourse to the cryptic 
notations and abstraction of the mathe- 
matical literature. 

Thompson’s book is not so much a text 


as a review of many (but by no means all) 


current applications of catastrophe theory 
in the physical sciences and in engineering. 
It performs this task splendidly, provided 
that one has some knowledge of the subject 
to start with. For, despite the claim of the 


preface that the presentation is “at the level : 


of popular magazines such as Scientific 


a great 








v ariety. of. jargon, both catastrophe 
theoretic and specific to the specialist fields 


covered, is used without ever being A 
explicitly defined. The first. use of many 
such terms is flagged by their being 
italicized, but setting something in italics is 
no substitute for explaining what it means. 
In collaboration with G.W. Hunt, 
Thompson is preparing a companion book 
to deal with much of the underlying theory, ` 
so it may well be that the decision to use ` 
unexplained technical terms is a deliberate. 
one. Nonetheless, | believe that the book is 
considerably less accessible to many of the — 
intended readers than it would have been 
with the occasional extra sentence of 
definition and explanation. This problem 
is exacerbated by Thompson’s use of a 
transcript of his inaugural lecture as a basis 
for the introductory chapter, which givesa _ 
brief historical survey of the subject andan 
overview of the contents of the rest of the ~ 
book. This is excellent for the cognoscente, 
but at the price of presenting the reader new 
to the subject with a high density of © 
unexplained technical terms, and with a 
number of complicated diagrams referred 
to by phrases such as “‘the familiar such- 
and-such’’, which will almost certainly be 
anything but familiar to him. i 
Having taken Thompson to task for not 
writing the book the cover and the preface 
lead one to expect, let me repeat that the | 
book he has actually written is a good one, | 
well illustrated — essential when dealing — 
with so many intrinsically geometric _ 
notions — and with copious references. He — 
distinguishes clearly between static anc 
dynamic bifurcations whilst showing how 
they are related, particularly in the context 
of engineering structures: among the other 
instability phenomena reviewed are 
gravitational stellar collapse, atomic 
lattices, biochemical reactions (including 
the celebrated Brusselator), population» 
dynamics and ecology, hydrodynamical ` 
turbulence and the chaotic dynamics of 
Strange attractors, | 
In Part 2 of his text, Gilmore considers — 
some applications of ECT, and in Part 3 he 
first takes us beyond ECT into dynamical _ 
systems theory and then considers some | 
examples. These parts of his. text are, 
broadly speaking, complementary to | 
Thompson’s book; there is some overlap, 
but most of the topics Gilmore discusses 
are not considered at any length by 
Thompson, and vice versa. Gilmore deals 
with such topics as phase transitions in 
classical and quantum mechanical systems, 
climatology, and optical caustics ando 
diffraction patterns. His discussion of 
optics is noticeably out of date in; 
comparison. with that of other topics, bt 
he neither makes nor implies any claim t 
be reviewing the state of the art, givingfew _ 
references and more relaxed and yet deeper 
discussions than Thomipeon. if 



























5 taste; for example, fter é a 
io describing a standard 
of some phenomenon, he con- 
he acerbic aside ‘‘In short, an 
problem is replaced by an 
ble problem’’. It is a style he 
es well; it could so easily be overdone, 
n my view it is not, and greatly 
ihances readability and thence under- 
standing. The most formal section, also the 
shortest, is Part 4, in which he presents in 
some detail the mathematics underlying 
ECT. In contrast with Part 1, this is 

(necessarily) couched in sophisticated 
== mathematical language. It would have 
been easy to have included this material in 
-Part 1, and many readers would not then 
-get beyond it: it is greatly to the benefit of 
e.book that this mistake was avoided. 
- Coincidentally, Part 4 is the least 




























Alexander R. McBirney 


Orogenic Andesites and Plate Tectonics. 
_ By J.B. Gill. Pp.390. ISBN 3-540-10666-9, 
rin er-Verlag: 1981. )DM 98, $44.60. 


















ROUGH, up- -to-date review of 
andesites has long been needed 
pecially welcome at this time, when 
y- petrologists are taking stock of this 
ip of rocks and their interpretation in 

ns of accepted concepts of plate tec- 
Onics. In undertaking this. formidable 
task, James Gill has performed a notable 
‘service to petrology. His book is certainly 
the most comprehensive compilation of 
data and ideas that has yet been attempted. 
The book summarizes almost every 
pect of the occurrence, composition and 
enetic relations of andesites. It reviews 
structural and tectonic setting, 
heological properties, eruptive behaviour, 
eochemical and mineralogical features, 
ompositional variations in time and 
Space, and all the major. petrogenetic 
_. theories proposed to explain their relations 
= to plate tectonics. This mass of data is 
> presented in a concise, well-organized 
fashion. In his evaluation of the various 
. Schemes which have been proposed to 
-= account for orogenic igneous rocks, Gill 
turns much of his attention to their 
relationship to subduction, and a large part 
of the book is an attempt to reconcile the 

3 occurrence and unusual features of the 
cks. with a pa view of piate 









































classic text of Poston and Stewart 
(Catastrophe Theory and its Applications; 
Pitman, 1978) whose treatment of Thom’s 
theorem, transversality, determinacy and 
unfoldings stands head and shoulders 
above Gilmore’s. That criticism is more 
than offset by the fact that, particularly for 
the reader not well versed in the language of 
modern pure mathematics, the first nine- 
tenths of Gilmore’s text is excellent. 

In his epilogue, Gilmore asks the 
question ‘‘Is catastrophe theory useful and 
important?” and concludes by asserting 
his belief that it is. I share that view, and 
both his and Thompson’s books are con- 
vincing evidence in support of it. B 





Colin Upstill is at the H.H. Wills Physics 
Laboratory of the University of Bristol. 


ll around andesites, and beyond 


Gill comes to a question of interpretation 
that clearly interests him. The text then 
blossoms and becomes quite readable. 
The book is burdened by the long- 
standing difficulty of defining what rocks 
should be included under the name 
andesite. The reader encounters this 
problem in the very first sentence, which 
tells him that ‘‘active volcanoes on Earth 
erupt andesite more than any other rock 
type”. Before recovering from this, he 


reads, further down the same page, that 


these andesitic volcanoes include 


Kilimanjaro and Hekla! The explanation 


for these startling assertions soon becomes 


apparent when Gill gives his definition of 


andesite as any hypersthene-normative 
rock with a silica content between 53 and 65 
weight per cent. Although this definition is 
offered in the interests of “simplicity” the 
resulting confusion in the mind of the 
reader persists throughout the book, for 
one is often in doubt as to whether, in 
referring to ‘‘andesites’’, Gill means calc- 
alkaline andesites or some other inter- 
mediate sub-alkaline rock. Much needless 
discussion is devoted to rocks that have no 
relevance to andesitic volcanism as most 
geologists perceive it. 

There is a certain logic in including 
among andesites the important group of 
intermediate tholeiitic rocks of island arcs 
that are clearly related to subduction and 
share many genetic features in common 
with the ‘“‘true’’ calc-alkaline andesites 
with which they are closely associated, 
sometimes even in the same volcano. It 
seems illogical not to refer to these rocks as 
tholeiitic andesites, but most petrologists 
would certainly agree that they are quite 
distinct from rocks of similar composition 
in settings such as Iceland, the Galapagos 


against ‘the standard work in the field, the 


Islands © -Afr e prob 
made more difficult by the way in which 
Gill attempts to distinguish tholeiitic and 
calc-alkaline andesites. While he 
recognizes the importance of iron content, 
he ignores the more reliable compositional. 
criteria of Irvine and Baragar and makes no | 





mention of the high alumina and o 


normative plagioclase contents that many 


petrologists consider compositionally © 
diagnostic and crucial to any petrogenetic —__ 


interpretation of calc-alkaline andesites.  — 

Because much of the evidence bearing on 
these rocks comes from geochemical 
relations, any book of this kind must deal 
with complex trace-element patterns and 
isotopic ratios, and with how these may be _ 
related to the processes of magmatic _ 


evolution. Gill uses these data to weighthe / 
relative importance of melting subducted __ 


oceanic lithosphere, assimilating crustal 
material and differentiating basaltic 
magma. In. this. way he: ‘systematicall 
assesses essentially all the current ideas o 
the origin of andesitic. magmas. While t 
does not hesitate to give hisown judgemen 
on these questions, he does so in” 
context of an overall appraisal of th 
evidence, so that readers can accept or 
reject Gill’s conclusions according to their 
own view of the facts. 

No two persons would agree as to how 
much weight should be given to various. 
types of evidence bearing on the origins of 
these rocks. I would personally have 
preferred more data on geologic relations 
and less on. trace-element geochemistry. It 
astonishes.me that anyone can write an 
entire book about andesites and never 
present a single geologic map or structural 
section of an andesitic volcano. The book, 
like most modern work which covers. 
orogenic igneous rocks, deals almost. 
exclusively with the structural relations. 
observed today around the Circum-Pacific: 
and gives much less attention to the 
geologic past. If it is important to note that — 
all active andesitic volcanoes are in well- © 
defined belts close to convergent plate. 
boundaries, is it not equally important to 
stress that the same has not always been 
true in the past? Many rules of thumb 
based on modern relations fail when we 
look beyond the Quaternary, and I suspect 
that one can learn more about andesites 
from the anomalous cases that violate our 
conventional models than from all the 
examples that neatly fit them. 

These, of course, are petty differences of 
view, and they detract in no way from my 


unreserved recommendation of this book. = 


as a timely, scholarly survey of a very 
complex subject. The sincerest praise I can | 
offer any book is to say, as I can of this one, 
that I have adopted it as a text in my 
graduate-level petrology course. No 
student of orogenic igneous rocks should 
neglect adding it to his professional library. 










Alexander R. McBirney is a Professor in 
Department of Geology at the Univers 
Oregon, Eugene. 
































Pi he | Molecular Theory of Radiation 
Biology. By K.H. Chadwick and H.P. 
' Leenhouts. 


Pp.377. ISBN 3-540- 
10297-3/0-387-10297-3. (Springer-Verlag: 
1981.) DM 128, $67.20. 





SoME of the best epidemiological data 
relating carcinogenic risks to envi- 
ronmental hazards comes from research 
into the consequences of exposure to 
ionizing radiation. The recent 
recalculation of dosimetry at Hiroshima 
and Nagasaki has just about eliminated any 
effects in these populations ascribable to 
neutrons, and, because gamma ray data are 
not robust below 30 rads, there are, for 


practical purposes, no human data at low 
‘doses -or for particles of higher linear 
energy transfer. Thus, even in this best 
ease, one needs models and theories for 
extrapolating from acute high dose effects 


to chronic low dose ones. If sucha problem 
cannot be solved for ionizing radiation 
with its relatively good dosimetry, the 


chances are negligible that it will be solved 
7 for populations exposed to chemical agents. 


In this book, Chadwick and Leenhouts 


z describe the development of a theory that 
- can be used to extrapolate the biological 


effects of ionizing radiation to low doses, 


-many different LET particles, and to 
interactions between radiation and 


chemical agents for end points such as 
cytotoxicity, mutation, chromosome 
aberrations and carcinogenesis. Their 
theory is based on the premise that DNA is 
the target and that double-strand breaks in 


-it are the molecular lesions reponsible for 
: the biological effects of radiation. The 


authors are led to this assumption for a 
number of reasons, the principal one of 
which is that the dependence of many 
biological effects on dose contains both a 
linear and a square term. The linear term is 


- thought of as representing double-strand 
_ breaks arising from the passage of a single 
ionizing particle close to DNA, and the 
square term represents double-strand 
_ breaks arising from two nearby single-strand 


breaks made by two ionizing particles. 
-The text is a careful and complete 


_ exposition. of the implications of these 
assumptions. Of necessity, other concepts 
and hence additional parameters and 


suppositions must be introduced, such as 


_ allowance for the repair of double-strand 
breaks and the assumption that ail 
radiation mutations arise from double- 
strand breaks. Thus, the analysis rapidly 
accumulates other variables that are often 
_ difficult to evaluate independently and that 
` must be adjusted to fit the experimental 
: results. The general problem faced by the 
_ authors is equivalent to that of determining 
- enzyme mechanisms at the molecular level 
from enzyme kinetics: it cannot be done. 
- Certainly, there is no unique solution to the 
problem especially because there have been 


relatively few good determinations of 
double-strand breaks as a function of dose 
and, because of a lack of basic knowledge 
of events at the molecular level, of how 
ionizing radiation affects even simple end 
points — such as the inhibition of the 
initiation of clusters of eukaryotic 
replicons — and inhibits the progression of 
cells through the cell cycle. 

The authors do themselves an injustice 
by overstating their case. The assumption 
made early in the book that double-strand 
breaks are important becomes a fact later 
on. Such confidence is misplaced because it 
ignores data on the effects of radiation on 
the replicative form of ®X174, in either 
protective or dilute solution, in which 
inactivation is not correlated with double- 
strand breaks but with some type of base 


damage. Moreover, although fibroblasts. 


from individuals with the disease ataxia 
telangiectasia are more sensitive to the 
cytotoxic effects of ionizing. radiation. than 
are normal cells, and show more 
chromosomal aberrations as a result of 
radiation, they are hypomutable. Hence, 
not all of the biological end points are 
comparable and the simple theory 
expounded in the text seems to need major 
revision based on solid biology. 

These are obviously serious criticisms. 
Nevertheless The Theory of Radiation 
Biology is an important book for radiation 
and environmental biologists for, if 
nothing else, it is sure to stimulate new 
experiments and ideas. E 





R.B. Setiow is a Senior Biophysicist at the 
Brookhaven National Laboratory and a 
member of the Board on the Effects of 
Radiation of the US National Academy of 
Sciences. 


Counting calories 
John R. Krebs 


Physiological Ecology: An Evolutionary 
Approach to Resource Use. Edited by 
Colin R. Townsend and Peter Calow. 
Pp.393. Hbk ISBN 0-632-00555-6; pbk 
ISBN 0-632-00617-X. (Blackwell Scientific/ 
Sinauer: 1981.) Hbk £21, $38; pbk £11.80, 
$23.60. 


I was once told by a fellow graduate 
student, trained in herpetology, that 
physiological ecology was the science of 
shoving thermometers up lizards’cloacas. 
A quick check in the subject index of this 
volume revealed that, given the veracity of 
my colleague’s assertion, things have come 
a long way in the past 15 years. 

The book, comprising a collection of 
original articles and intended as a text for 








) nd ‘animals get their “daily 
calories and what they then do with them. 
The unifying theme linking such diverse 
topics as photosynthesis, digestion, 
cellular repair and social behaviour is that 
all aspects of earning and spending calories 
can be treated from a functional viewpoint 
as optimization problems. Different 
chapters illustrate different degrees of 
progress in applying this approach. In 
some areas, for example leaf design and 
foraging behaviour, the first generation of 
explicit models has been formulated and 
tested fairly thoroughly, while in others 
such as defence mechanisms and social 
behaviour the questions have, in the main, 
been formulated only qualitatively. 

The articles also vary in the extent to 
which they present totally new ideas. R.M. 
Sibly, in one of the more original chapters, 
provides a fresh and stimulating approach 
to digestive strategies. He starts with a 
version of the marginal value theorem to 
predict optimal retention times for food in 
the gut, and leads via a discussion of gut 
morphology to consider why food empties 
from the stomach at an exponentially 


decreasing rate from the time of the last. 


meal (no simple answer to this question 


emerges, but the relevant data and 


hypotheses are neatly brought together). 
The highlight of the book in terms of 
entertainment value is D.H. Janzen’s~ 
fireside chat about defences against 
predators and parasites. Among the 
aphorisms that abound in this chapter i isthe 
answer to “Why should some species of 
seed be so well- defended when the plant. 
makes so. many?” — t.. for the same 
reason that a youn, y man protested at being- 
sent to Vietnam”. At the same time, F 
should add: ha Janzen does not, to my 
mind, succeed in pushing the study of plant 
and animal defences from a series of i intrig- 
uing evolutionary stories to forming a 
coherent theory.-He appeals for a change in 
attitude from ‘‘descriptions of yet another 
alkaloid [to measuring] fitness gains and 
costs that the organism accrues with and 
without its defences’’ without stating 
explicitly how these hard-won measure- 
ments will be used to make a general theory 
of defences. 

Some contributors — for example 
Pianka on resource acquisition and allo- - 
cation among animals, and Gosling and 
Petrie on the economics of social òrgan- 
ization — try to cover too wide a field, and 
in so doing do not analyse any single 
problem beyond introductory textbook 
level, while others — Kirkwood on repair 
and its evolution, for example — deal in 
detail with a more restricted range of 
topics. Overall, however, the book is a. 
worthy collection of reviews which covers a 
range of subjects that are not normally 


my 


assembled in one volume. aj 











John R. Krebs is a Nuffield Foundation Science 
Fellow at the Edward Grey Institute of Field 
Ornithology and E.P. Abraham Fellow of 
Pembroke. Caere, nets 


















IE stated aim of Uttal’s book is to “‘. 
__ systematize the data base of perceptual 
psychology into a comprehensive 
intellectual scheme . ’. When the route 

to this goal runs aa 1,100 pages and 

over 3,000 references, it must involve to a 
= fair degree the exposition of the ‘‘data 
= Dase” itself, and there is here a generous 
 Miew of its extent, including the discovery 
| of alpha particles, how a cathode ray tube 
__ works, the embryology of frog rods and the 
~ theory of rainbows. More conventionally, 









© the field of vision is covered from photo- 





om try to geometrical illusions: It would not 
be reasonable to expect a single author to 
` compete in authority over this range with 
_ the several multi-author handbooks of 
-similar scope that have appeared in recent 
years, and Uttal does not do so: 





< rather blunt the reader’s. appreciation of 
what might be the relative significance of 
formation. ‘This culminates. in the 
ages in a list of 67 “general princi- 
: which w we © may sacle No. 4: 























ea ve perception; . a No 
ptual | theory, however, has ever withstood 
wand time... 


t The magnitude a of many 





; a - aos Several: of | 
: direct contradictions thi 










P he general air is one of abstracting rather 
< than digesting the scientific literature; 
opportunities. for- integration are con- 
-~ spicuously missed, for example the use of 
«the temporal modulation transfer function 
to express data on the visual response to a 
= variety of time-varying stimuli. 
But it would be unfair to dwell on Uttal’s 
-presentation of the data base, rather than 
his intention of providing a framework for 
systematizing it, the ‘‘taxonomy”’ of the 
title. This taxonomy is one of sequential 
levels of processing, from Level 0 in the 
optics of the environment and the eye, to 
Level 5 which consists of active, attentive 
“manipulations of perceived information 
> which are reserved for another projected 
book. Most visual scientists use some such 
idea of levels, albeit informally, as a way of 
partmentalizing problems. This is not 
say that it is the best principle for the 
z ed presentation of our knowledge 
rception, and several disadvan- 
me apparent in Uttal’s attempt 
ne is that there are many pheno- 
lich we know a good deal, 
ič are clearly i important, but which 





















. the’ 
-Fhe author shows a propensity for _ 
organizing his data base in lists; which 


approach becomes appagertt ih 

chapter. entitled ‘‘Mezzolog: On 
Limits of ‘Neuro: 

reductionism’’. Uttal is 


No. 15: 


we Cannot partition among levels with any 
certainty. Ironically, Uttal’s own experi- 
mental work largely falls into this category, 
and into a chapter on temporal interactions 
which he has to present as a frank 
digression, unassignable to any of his levels 
on present understanding. In other cases, 
the organization of the book by levels 
makes it difficult to evaluate alternative 
explanations critically. For example, the 
issue of lateral inhibition versus more 
global processes in brightness contrast is 
raised, with vigorous assertions of the 
importance of the latter, but the plan of the 
book does not allow them to confront each 
other. Another consequence is an absence 
of any functional perspective. The pur- 
poses for which vision is used cut right 
across. these levels, so they get little 
attention here. 

A reason for the taxonomi 


? - 


concerned that much current 
theorizing, providing speculative 
neural bases for perceptual 
phenomena, is premature. Once 
again, this view is expressed 
centrally as a list: ‘‘Questionable 
Dogmas’’, Nos 1-18. Some of 
the dogmas are general 
suppositions about the relation 
between brain activity and per- 
ception, and indeed some of these 
are quite widely believed, at least 
implicitly. Others (for example 
‘‘Metacontrast results 
from peripheral lateral inhibitory 
interactions that diminish the 
strength of the conducted neural 
signals’) may be specific 
instances of neuroreductionism, 
but are not necessarily widely 
accepted even by those 
committed to neural reductionist 
explanations of the phenomenon 
concerned. Dogmas of these two 
kinds need rather different kinds 
of critique, but it is not clear that 
the difference is appreciated. 

The role of the taxonomy is to 
draw a sharp line between Levels 
1-2, where Uttal offers accounts 
in terms of interaction of neural 
signals, and Level 3—4 where the 
processes are ‘‘interpretive’’, the 
neural representations involved 
are not at all understood, and 
theories are psychological or 
purely formal. 

Uttal’s charge of premature 
reductionism is just in many 
cases. However the structure and 
style of his book do not favour a 
critical marshalling of the argu- 


ments on the neural basis of |365. 





London, and Abrams, New York. The book, 
containing both a copiously illustrated catalogue of © 
Escher’s graphic work and a biography, costs £35, — 


pursued in ‘surprisingly little depth. The 
temptation of encyclopaedic breadth 


seems to have deflected the authors 


purpose of exploring the limits of current 
neural explanation, which is a pity, for that 
purpose is a very worthwhile one. 

Uttal recounts in his preface that when 
he ‘‘chose to become an explicit generalist 
rather than a totally dedicated ... 
laboratory scientist’’ the reaction of some 
of his colleagues was such that “some of 
the experiences encountered were non- 
supportive to say the least’’. He defends his 
role as one of ‘‘analysis, criticism, inte- 
gration and synthesis’’. I fear that | 
generalism has caused these activities to be 
diluted and dispersed to a rather 
ansatisfyifg degree, — ft E 


cf 
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“Oliver Braddick is a Lecturer in Experimental a 
Psychology’ at the University of Cambridge. 


The art of M.C. Escher: this picture, Mobius Strip LL 
(Red Ants), is reproduced from Escher, edited by RE: 
Locher and recently published by Thames & Hudson; -4 































































































Instabilities in MOS Devices. By J.R. 
Davis. Pp.190. ISBN 0-677-05590-9. 
(Gordon & Breach: 1982.) $24.50. 





Most silicon integrated circuits are smaller 
in size than a fingernail and contain many 
‘thousands of working elements, the most 
common of which is the metal-oxide-semi- 
conductor (MOS) transistor. In this, all of 
the important electronic activity takes 
place in a minute volume, a layered 
structure composed of.crystalline silicon, 
thermally-grown silicon dioxide and a 
conductor. Attempts are always being 
made to reduce the unit size of the 
transistor element, but during such 
development it is crucial to maintain the 
performance of the intimately interwoven 
materials of the layered structure. 

Instabilities in MOS Devices is a discussion 
of the physical processes occurring in this 
‘metal-oxide-silicon system. 

In. MOS structures under electrical 
fields, electrons, holes and ions sometimes 
‘migrate. This. movement produces the 
instabilities in electrical properties referred 
to in the title. In their constant endeavour 
to ensure that instability effects do not 
wreck new designs, physicists regard the 
silicon dioxide layer as the key element; it is 
-a complex film but, in this work, can often 
‘be regarded as a simple, wide-band-gap 
insulator region, sandwiched between the 
‘electron sea” of a metallic electrode and 
he ‘“‘bendable’’ energy bands of the 
emiconductor. In this context, the 
nstabilities are interpreted either as the 
nwanted carrying of holes and electrons 
cross the two high, interfacial potential- 
nergy barriers by tunnelling or carrier 
xcitation; or the internal drift of various 
ionic species, often sodium or hydrogen. 
The transport medium can often be 
regarded as very pure fused silica, which 
allows us to use the large fund of 
‘knowledge of the physics of crystalline and 
“fused quartz — makers of science policy 
might note that this is a good example of 
the benefits imparted to technology by 
apparently unrelated basic research. 

The understanding of charge movement 
in silica may seem to be a somewhat 
esoteric field; but, for obvious reasons, it is 
increasingly important to. convey this 
knowledge to electronics undergraduates 
-and to the growing numbers of workers 
centering the broader field of the 
-< development of ‘‘electronic systems on a 
chip”. This book fills such aneed. fris, for 
_ example, the first time I have seen a large 














se ~@ Another recent textbook on MOS devices 
| is Oliver McCarthy’s MOS Device and 
| Circuit Design. The book, primarily aimed | 


| at students of electronic engineering, but | 


_ | also intended for practising engineers, is 
oa published by Wiley at £19.50, $44.95. 


and carefully selected set of references on 
instability research. 

Such research is carried out using a 
limited number of specialized electrical and 
optical techniques. These are outlined in 30 
concise pages. The theoretical principles 
required include those of defect solid state 
physics, surface physics, lattice dynamics, 
conduction physics and molecular 
quantum mechanics, and treatment of 
these concepts is woven into the subsequent 
chapters. Among the research findings 
discussed are recent developments in 
surface states, mobile ions, polarization, 
hole trapping, electron trapping and 
electrical breakdown. 

For many of the intended audience the 
book will be tough going. Readers are 
provided with reference to a few of the 
best, general solid-state technology 
textbooks, but the style of writing is 
somewhat flat and the graphics are 
unimaginative, coming, in the main, 


: address 






and | trapping -€ ffe i s which decane 
whether or not a given MOS. device will be 
4 ‘good’’. 


The exploitation of conduction and. 





trapping effects in the MOS system is only — 


just beginning, and the practical aspects of 
instability research reinforce the usefulness 
of a review such as that provided by Dr 
Davis. The use of new and more subtle 
effects in MOS devices not only ensures 
“good” (i.e. stable) devices, but also leads 


to ones which are “‘better’’ than those of 
rival makers. In this context, it must not be . 


forgotten that microelectronic devices are 


used not only in parlour games but also in: 


machine tools, racing cars and missiles. 
The country which possesses the fastest 


and best microcircuits will perhaps win not: 


only commercial success but also more — 


explicitly gladiatorial contests. 





Andrew Holmes-Siedie is Consultant to the . 
Physics Department of the Fulmer Research _ 


Institute, Stoke Poges, Buckinghamshire. 


Statistical expertise on the shelf 


P.T. Saunders 


Biometry: The Principles and Practice of 
Statistics in Biological Research, 2nd Edn. 
By Robert R. Sokal and James F. Rohlf. 
Pp.859 plus tables. ISBN 0-7 167-1254-7. 
(W.H. Freeman: 1981.) £19.50, $31.95. 
Tables hbk £16.30, $22; pbk £6.95, $9.95. 


For some years now, Sokal and Rohlf’s 
Biometry has enjoyed considerable success 
as a statistics text for biologists. Knowing 
this, my first impressions of the second 
edition were less favourable than I had 
expected. While the opening chapters are 
written in an attractive enough style and 
deal with the right sort of material, I found 
them too long and diffuse. The authors 
seem so intent on ensuring that every aspect 
of the subject is covered that they leave the 
reader in danger of not seeing the wood for 
the trees. To give just one example, the 
crucial idea of the testing of hypotheses 
seems to get lost in a long section devoted 
mainly to Type I and Type H errors and 
power functions. It is not that the latter are 
not worth discussing, though they are 
relatively less important in a text in which 
derivations are omitted, but that the 
balance is wrong. 








But while I have some reservations about | 


the introductory material, the remainder of 
the book, which consists of detailed 
accounts of a large number of statistical 
techniques applicable to a wide variety of 
problems, is very good indeed. The authors 


make excellent use of boxes, set aside from. 
~ the main text, in which they show precisely 
how each test is to oe carried. out. . They 


- close. 


- Queen Elizabeth” College, 


provide sample calculations for the benefit | 
of those readers who are uncomfortable . 


with subscripts and summation signs; more. 
‘mathematically minded users will find- 
them invaluable for testing computer. 
programs. There are also informal 








discussions of the ideas behind the tests an 
other relevant points. 





A number of improvements have been i 
incorporated into the new edition and some 


additional material has been included, 
mainly concerned with correlation and 
regression. Inevitably the coverage is still 


not complete; for example, the authors». 
have judged that their intended readership- 


will be able to manage without such topics 


as sequential testing and Bayesian 
techniques. They have also chosen to ` 


publish the statistical tables separately 
instead of binding them with the book, 


which has its advantages so long: as you can : 


keep the two together. 

Biometry would not be my first choice 
for someone with no previous knowledge 
of statistics, though it is certainly well 
worth considering. I. would, however, 
strongly recommend it for anyone who 
already knows a bit about the subject and 
now finds himself in need of something 


‘beyond what he was taught. It is not quite 


prea 


as good as having a friendly statistician’ 
across the hall, buti it can come surprisingly : 





Peter Saunders is a Lecturer in Methenaties 2 at a 


Ponu 


University of i 
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Colleges back from the dead 


United States universities and colleges are celebrating their commencement days with relief. The 
prospects for the next academic year seemed even worse a few months ago. But they are still grim. 


In Tom Sawyer the hero attends his own funeral, only later to 
reveal to everyone that he wasn’t dead after all This spring US 
colleges and universities are in a situation very much like Tom’s 
For most of the year, the death of American higher education has 
been lamented by the higher education lobby in Washington, 


fighting the cuts in student loan finance proposed ın President 


k 


b- 


. 


Reagan’s budget Now, however, ıt looks as though Congress has 
heard the cries of middle-class parents throughout the country, 
and willrescue the education monies so that the young people who 
need government loans to pay tuition bills can go on attending 
college in the fall So higher education 1s alive, after all 

But to be alive is not to be well A major debate has been going 
on in the US education community about the changing shape of 
US higher education including, literally, the ability of some kinds 
of schools to survive the next decade The month of June, when 
most schools’ terms end, when final revenue figures are known 
and re-enrolment data are available, 1s a good time to take stock 
Moreover the blistering fight over government student loans, 
which has preoccupied university spokesmen, the Administration 
and the Congress for months, 1s now winding down Thesmokeis 
clearing And everyone agrees that US colleges and universities 
are under unprecedented stress 

The most obvious source of stress 1s the dechning number of 
18-year-olds in the US population projected from the early 1980s 
onwards Asastudy by Princeton’s president William Bowen said 
a few years ago, this could presage a general shrinkage ın the size 
of the US university system Applications figures for enrolment in 
the fall of 1982 are down a mite (0 9 per cent), but educationists 
attribute this decline to other factors, such as rising tuition fees, 
high interest rates on private loans and the uncertainty of 
government loans The population factor will show up, they say, 
next year, when the number of applicants for the fall of 1983 drop 
off Eventually, the drop will mean that schools will have to 
compete harder to get students (or lower their standards) To 
anticipate this prospect Bowen recommended that the universities 
should plan to shrink 

A second source of stress 1s the financial crisis in state 
governments, due to the taxpayers’ revolt that spread to many 
states after ıt began some years back in California, and the loss of 
revenue from traditional federal programmes under the Reagan 
Administration Some states, such as Michigan, Missouri and 
Minnesota, simply cannot meet expenses any longer, are running 
enormous deficits and so are cutting back funds to their state 
universities State university financing has become an annual 
roller-coaster that would give ulcers to the average modestly 
comfortable professor in Cambridge, for example Some state 
systems have grown, over the years, into large, comprehensive 
undergraduate and graduate programmes, of high quality and 
easy access through nominal tuition fees They fulfill the best 
ideals of American education But some states have laws requiring 
that the budget be balanced every year So, for most of the year, 
university administrators do not know how much money will be 
given by the legislature for the next year, or whether the university 
will be the target of some last-minute cut 

The easiest response ıs to conserve fuel, cut down on office 
staffs and maintenance, defer new building or expensive new 
computers or other instrumentation, to shave the number of 
faculty evenly across the board — and to avoid fights But that 


does not maintain quality To maintain quality a school must cut 
out the fat (weak departments) or do away with tenure — both of 
which can lead to embittered fights on campus and also lawsuits 
Another course 1s to raise tuition fees at state schools above the 
traditional nominal level (freshmen at the University of Southern 
California next autumn will have to pay $7,000, forexample) But 
while this raises revenue, 1t discourages applicants and contradicts 
the very idea that state schools are meant to embody high quality 
education for everyone None of these remedies 1s pleasant, let 
alone conducive to an unperturbed environment for study 

Not all state schools are in this same plight Some, such as 
Pennsylvania State University, are doing well But these are 
schools with strong ties with local industry and a well-understood 
tradition of service to the state and the community Applications 
for next autumn for Pennsylvania State University, for example, 
are up 10 per cent Industry finance ıs already a school tradition, 
so that door ıs open And so long as the cost of private and other 
state school tuition keeps rising, prospective students shopping 
for the best deal will come 

The stresses on private schools are variations on those afflicting 
the state schools They cost more, so applications for next fall are 
down at most of them, according to a survey by John Minter 
Associates for the Chronicle of Higher Education The swing of 
the marketplace 1s clearest ın the west and south-west, where 67 
per cent of private schools report decreases 1n applications while 
71 per cent of the public schools report increases Hardest hit of 
the private schools are the mid-ranked colleges, particularly 
liberal arts colleges, which cannot advertise quickly usable skills 
to the career-minded young and which must charge substantial 
tuition fees The choice facing these schools ıs either to lower 
admussions standards or ‘‘planned shrinkage”’ 

Meanwhile, the rich get richer The top private schools are 
doing well, although they face several shifts ın student choices and 
faculty availability The top schools often have large and 
important research laboratories supported by industry and the 
government, or major graduate schools or medical schools that 
are sources of overhead to help carry along departments, such as 
the liberal arts, that do not generally have outside income Part of 
the new, conservative public mood ım the United States, as 
Chester E Finn Jr has written, is a concern with educational 
quality And, when parents, students, alumni and industry are all 
preoccupied with quality, they will tend to gravitate to institutions 
of proven quality Thus, Harvard’s tuition fees have never been 
higher (next fall they will be $8,195) and its fund-raising has never 
been more successful 

What does all this mean for science? It means that the trends ın 
academic science identified in 1977 by Bruce Smith and William 
Karlesky* are probably going to be even more pronounced Smith 
and Karlesky surveyed many different kinds of US colleges and 
universities —~ four-year community colleges, state schools and 
top rank research institutions They identified about four 
principal trends, which would combine, they said, to squeeze out 
the ‘‘middle’’ of US academic research ın the future At the lower 
level, the vocational schools would prosper (as, indeed, they have) 
because when people are unemployed, they go to school to get 


*Smith,B &Karlesky, W The State of Academic Science (Change Magazine Press, 
Washington D C , 1977) 
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skills But as funds become tight, mid-ranked schools which can 
compete less well for federal funds, industry gifts and students 
will become less and less able to carry out a research as well as a 
teaching role Their research programmes will diminish 
Meanwhile, the top-ranked schools, while facing critical 


problems such as a decline m places for young faculty, will ride 
out the storm Like Tom Sawyer, they will live on 


New ways with weapons 


Bilateral negotiations on strategic arms are to begin 
later in the month. Where will they lead? 


The passage of time has curious healing qualities —Two years 
ago, Mr Ronald Reagan, campaigning successfully for the 
presidency of the United States, was outspoken in his 

_ condemnation of President Jimmy Carter’s second instalment of 
the treaty that emerged from the Strategic Arms Limitations 
Talks (Salt II), originally devised by Dr Henry Kissinger for once- 
President Richard M Nixon Reagan was pushing at an open 
door, for his political opponent knew that the US Senate would 
not ratify the treaty he had signed, indeed, the Soviet occupation 
of Afghanistan gave him a handy excuse to withdraw his request 
for ratification without too much loss of face The Senate’s 
objections to Salt II were largely technical — verification, the 
equity of the equation of one long-range missile with another and, 
perhaps more important, the knowledge that nobody from the 
Carter White House had faced the problem of persuading the 
Pentagon that the rules of the strategic arms race should be 
changed Candidate Reagan could afford to be more radical and 
rhetorical how 1s ıt possible to trust in an agreement with people 
whom we do not trust? President Reagan has nevertheless found 
that his administration has kept within the unratified rules of Salt 
IT, 1f only because ıt has been hard to know what should be done 
about the disposition of the MX missiles, the long-range missiles 
destined to replace the Minuteman In the Soviet Union, likewise, 
the same rules have adventitiously been kept And now, the 
emollient passage of time has persuaded President Reagan that he 
must follow his predecessor’s path and propose bilateral talks 
with the Soviet Union on strategic arms (see Nature 20 May, 
p 169) The surprise is that the Soviet Union has so quickly 
agreed the talks are due to begin in Geneva on 27 June 

A modicum of muck-raking 1s ın order even ın these hopeful 
circumstances The Reagan Admunistration’s original 
indifference to strategic arms talks appears to have been largely 
ideological — sup with the devil only with a long spoon, negotiate 
on strategic arms only from strength This position has been 
undermined by predictable (and predicted) forces — political 
pressure from alhed governments, political pressure from 
domestic voters, fears that another review conference of the Non- 
Proliferation Treaty (in 1985) as arid as that of 1980 might drive 
some middle-sized powers into the nuclear club, the sheer cost but 
also the technical difficulty of developing the new generation of 
Strategic arms and the recognition that the world, with the 
Falklands and the Middle East, 1s a dangerous place 

So what should the Reagan Administration be aiming for? Its 
opening bid ıs simple enough — let each side be constrained within 
a limit of 5,000 strategic warheads with the proviso that no more 
than half of these should be based on land The proposal 1s 
rational enough — submarine missiles are for the time being 
relatively invulnerable to attack, while ground-based missiles are 
potentially vulnerable to a first strike by the other side and are 
thus destabilizing The Soviet Union’s predictable but far from 
final objection ıs that the proposal would more immediately 
affect the Soviet Union than the United States The success of the 
Geneva enterprise will crucially depend on the willingness of the 
two sides to acknowledge that 5,000 nuclear warheads, each of 
them at least ten times larger than the bombs dropped on 
Hiroshima and Nagasaki, are outrageously too many for the now 
classical purposes of deterrence Indeed, these huge numbers can 
be explained only if each superpower is prepared to attack the 
other’s ground-based mussiles ın a supposedly pre-emptive first 
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strike, in the process presumably inviting an attack on its cities by 
the other’s submarine missiles Are the two superpowers prepared 
to return to the simple view that nuclear weapons are intended 
simply as deterrents? 

Other difficulties will arise before that question 1s faced How, 
for example, will the new strategic arms talks be linked with the 
talks on ‘‘theatre nuclear weapons” already under way in’ ~ 
Geneva? That the two negotiations should be linked 1s sensible, 
while the United States proposal that 1ts FB111 bombers based ın 
Europe should be counted within the separate limit for strategic 
aircraft is animportant concession But where will the British and 
even French nuclear forces fit in? And would the attainment of 
President Reagan’s ‘‘zero option” for European ‘“‘theatre 
weapons’’ be the equivalent of the nuclear-free zone for which the 
Palme commission was pressing last week (see page 446)? 


These questions are so difficult that there can be no quick end 
to the proceedings in Geneva The best hope is that there will be 
some quick agreement on a warhead ceiling below which further 
reductions will be sought During that second stage of the 
negotiations, the Soviet Union will be faced with the theoretically 4 
sensible but politically sensitive proposal by the United States that 
limits on strategic weapons should be determined not by counting 
missiles or even warheads but by their throw-weight of carrying 
capacity The obvious snag is that this criterion would more 
severely penalize the Soviet Union (with its large rockets) than the 
United States, while everybody would know that the effective 
power of a warhead 1s at least partly a function of its accuracy, 
quantifiable but hardly verifiable This is why the most important 
potential benefit of the Geneva process 1s that ıt may change the 
way the superpowers think — and that ıt might ın particular 
persuade people like Mr Alexander Haig, the US Secretary of 
State, to avoid statements like that the other day in which he said 
that no strategic arms agreement would be acceptable 1f ıt made ~Á 
conventional wars more likely Is that a sensible criterion? 
Nobody thinks conventional wars desirable in themselves, but an 
effective agreement on strategic nuclear weapons must surely be 
one that wil] allow conventional warfare to break out without the 
immediate risk of nuclear conflict 


Waiting for Merrison 


British university research is threatened by attrition 
and neglect. The Merrison report will not help. 


After more than two years of brooding, Sir Alec Merrison’s 
committee on the condition of British university research seems to 
have confirmed people’s worst fears but to have farled to show 
how they may be exorcised Its report just published (see facing 
page) ıs a masterpiece of judiciousness The dual support system < 
whose collapse in the past decade was the chief reason for the 
commiuttee’s existence 1s said to be in all ways admirable, and 
therefore 1s to be preserved at all costs Indeed, to judge from 
what the committee says, there 1s only one defect ın this excellent 
and peculiarly British device for sharing the cost of unrversity 
research between one public purse (the University Grants 
Committee) and another (the research councils) the system 
appears not to function asintended In much the same spirit might 
aman sent to rescue a motor-car fallen in a river report that the car 
was in excellent condition but that ıt had sunk 

Nobody, or hardly anybody, 1s to blame for this debacle The 
committee had the bad luck to have been established before the 
full severity of the British government’s intentions towards its 
universities had become apparent And the committee’s terms of 
reference (behind which ıt shelters) were in truth too narrow It 
was allowable to observe (as the committee does) that universities’ 48 
internal arrangements for deciding priorities in their discharge of 
responsibility for research and scholarship are inadequate, but 
outside its brief to enquire why things have come to such a pass 
The more serious difficulty, however, is that British universities 
are in such a mess, one so arbitrarily brought about, that the 
safeguarding of research also requires arbitrariness on 
somebody’s part Only the research councils are at present 
capable of being as selective as circumstances require 
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, But critics fear 
stop-gap stores 
will last 


Washington 

Congress 1s now closer than ever to 
passing a nuclear waste management bill, 
but its terms seem likely to be much more 
appealing to the atomic industry than to 
environmental groups, both of which, in a 
strange alliance, have for years been calling 


à~ for a legislative solution to the growing 


mass of spent commercial fuel 

The Senate has already passed a bill that 
the industry 1s satisfied will end the un- 
certainty plaguing the government’s waste 
disposal programme In the absence of 
legislative directions, each administration 
has been free to set 1ts own policy, usually 
inconsistent with that of the previous 
administration 

The environmental lobby, on the other 
hand, 1s worried that the Senate bill and its 
counterparts now under consideration in 


|~ the House gloss over the serious technical 


problems of waste management in favour 
of political expediency 

At present, 8,000 tonnes of spent com- 
mercial fuel is in temporary storage at 
reactor sites By the end of the century, the 
figure 1s expected to reach 72,000 tonnes 
The ultimate solution, everyone seems to 
agree, 1s to dispose of ıt ın deep geological 
repositories This solution is provided for 
in all versions of the bill 

The bone of contention, however, has 
become whether the federal government 
should ın addition provide some form of 
interim storage According to the Atomic 

_industrial Forum, which represents the 
“nuclear power industry, roughly half a 
dozen reactors will run out of on-site 
storage space by 1985, the problem will be 
widespread by the 1990s The industry 1s 
thus very pleased that the Senate bill 
provides for stop-gap storage to cover any 
delays in a permanent repository 

The environmental groups see some- 
thing more simister gomg on The interim 
storage envisaged in the Senate bill will be 
of two kinds The first 1s ‘‘away-from- 
reactor’? (AFR) storage, which ıs 
essentially the arrangement used at reactor 
sites spent fuel elements are simply stacked 
in a water-filled ‘‘swimmuing pool’’ which 
absorbs the radiation and heat The 
environmental groups charge that AFRisa 
way for the industry to avoid the licensing 
procedure required to expand on-site 
storage The second kind of facility 1s 
“monitored retrievable storage” (MRS), 
which 1s only vaguely defined The chief 
worry among the environmental groups 1s 
that MRS will become the de facto 


0028-0836/82/230445-02$01 00 


permanent solution 

Brooks Yeager of the Sierra Club says 
that the Senate bill virtually guarantees 
that It sets ‘‘not just ambitious, but un- 
meetable deadlines’ for the construction 
of a geological repository ‘‘They want to 
arrive at the issuance of a construction 
permit by the end of the decade That’s 
seven years faster than the Department of 
Energy’s plans for construction in order to 
resolve all the technical problems °’ The 
timetable may also guarantee that the 
choice of sites will be limited to the three at 
which the Department of Energy has 
already begun tests ——- the Hanford 


British research 


British university research 1s 1n trouble, 
but only the universities themselves can 
work their way out of it This is the chief 
conclusion of the much delayed report of 
the committee under Sir Alec Merrison, 
vice-chancellor of the University of Bristol, 
set up two and a half years ago to brood 
about financial support for university 
research and published this week (Cmnd 
8567, HMSO, £4 35) 

The report comes down squarely in 
favour of the British dual-support system, 
whereby the University Grants Committee 
(UGC) provides universities with the basic 
wherewithal for research and the research 
councils provide extra funds (but no 
overhead) for particular projects But the 
committee also says that ‘‘the system has 
been under strains for several years” 

One of the committee’s chief proposals 
1s that universities should more deliberately 
channel part of the funds they receive from 
the UGC into areas of research in which 
they consider themselves to be strong, for 
which purpose it says that British 
universities should set up research 
committees to supervise the internal 
allocation of funds But the committee also 
says that as a stop-gap, the research 
councils should be prepared to ‘‘meet costs 
they would not normally meet’’ (a 
euphemism for paying overhead) or think of 
moving people domg good work in 
unfavourable circumstances to other places 

The essence of the committee’s support 
for the continuation of the dual-support 
system 1S its repeated reaffirmation of the 
belief that 1f universities were not provided 
with funds that can be spent on their own 
discretion on research projects that would 
not normally win research council support, 
genuinely innovative ideas would never see 
the hight of day It considers but rejects on 
the same grounds that UGC support for 
research should be linked directly with the 
volume of financial support provided by 
the research councils, while it considers 
that 1f UGC were to earmark any but a 
small proportion of its university support 
for specific projects, the resulting rigidity 





Nuclear waste bill now in sight 


Reservation in Washington state, the 
Nevada test site and a group of sites along 
the Gulf of Mexico 

Professor Henry Kendall of the Massa- 
chusetts Institute of Technology, who 1s 
active in the Union of Concerned 
Scientists, a group critical of US nuclear 
policy, agrees that buildingan MRS facility 
‘basically means you don’t have confi- 
dence in permanent disposal’’ He says that 
what is needed 1s time to make a careful 
hydrological study of the actual site 

These worries seem to be backed up bya 
recent study by the Congress’s Office of 
Technology Assessment (OTA) The 


no cure yet 


would be self-defeating 

The chief targets for the commuittee’s 
advice are the universities, which are told 
that in the long run — ‘‘the prospects for 
achieving any significant shift in the near 
future are next to impossible’ — they must 
be prepared to spend more of their 
resources on research rather than teaching, 
that they should ‘‘concentrate research 
funds into selected areas’’, look at the 
problems occasioned by academic tenure, 
find ways (with the help of the research 
councils) of bringing in ‘‘new blood” and 
be prepared to form associations with other 
universities for more effective prosecution of 
research Both partners in the dual-support 
system are asked to be more sensitive to 
researchers’ need to travel 

The research councils are given two 
principal tasks — to adjust the support 
provided for graduate students more 
regularly in tune with the increasing cost of 
hving and to ‘‘study’’ the balance between 
their support of research ın universities and 
in their own establishments In a 
memorable sentence, the report says that 
“‘we are not satisfied that the balance of 
research council expenditure between such 
support and the work of ther own 
institutes 1s in all cases right”’ 

The committee’s belief that university 
research 1s ın trouble ıs based on statistical 
evidence that the committee says should be 
improved The data do, however, show 
that the decline in research support from 
universities’ own budgets goes back to the 
early 1970s, and that between the 
beginning and the end of that decade the 
average sum of money available to 
university departments per head of 
academic staff employed declined by 28 per 
cent ın real terms 

These and supporting figures appear to 
have prompted the only note of near- 
acerbity in the committee’s report — that 
while the British Prime Munister has 
repeatedly stated that the science budget 
has been protected, ‘‘the health of 
university scientific research does not 
depend only on the science vote” e 
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report* urges that waste be kept at reactor 
sites until a permanent repository 1s built to 
“avoid diverting the attention and efforts 
of the waste management agency away 
from the repository program toward 
provision of an independent intenm 
storage facility” 

Another sore point for environmental 
groups in the Senate bill ıs an amendment 
that Senator James McClure succeeded ın 
attaching, which declares that the legis- 
lation itself represents reasonable 
assurance that a safe disposal method 
exists Yeager says ‘‘It’s a clear attempt to 
end-run several court cases and state 
jaws” California, Oregon and several 
other states have passed laws restricting 
new power plants until such reasonable 
assurance exists 

To the industry, however, the 
amendment is nothing more than 
recognition of what they see as the obvious 
the waste disposal problem ıs political, not 
technical And here, the Office of 
Technology Assessment report backs the 
industry view It found ‘‘no 
insurmountable technical obstacles’’ to 
development of geological repositories, 
rather, the chief obstacle 1s eroded public 
confidence, aggravated by a vacillating 
federal policy President Carter, for 
example, reversed the previous policy of 
handling defence and commercial wastes 
separately, President Reagan reversed the 
Carter policy Presidents Reagan, Carter 
and Ford each changed the number of sites 
under study for geological repositories and 
their construction schedules 

If a bill does emerge from Congress this 
year, it will almost certainly contain 
provisions to end this instability Both 
Senate and House versions provide for 
long-term funding through a surcharge on 
nuclear electricity, which could raise $300 
million in the first year 

Both Senate and House versions also set 
up mechanisms for state participation in 
the site-selection process The federal 
government’s insensitivity to the concern 
of the states ın previous siting decisions 18 
viewed as a major factor in the loss of 
public confidence ın the programme 

The chances that Congress will act this 
year are, according to all parties involved, 
better than they have been 1n past years In 
1980, both the Senate and the House 
passed bills, but failed to work out a com- 
promise This time, they start closer 

According to a staff member of Morris 
Udall on the House Interior Committee 
(Udall introduced the House bill), ‘‘there’s 
no reason we can’t get a bill except time’’ 
The prediction 1s that if the bill reaches the 
full House by mid-July, 1t should pass 

But passage may ultimately hinge on the 
complex politics of the House committees 
No fewer than three have asserted juris- 
diction over the measure, which 1s now 
tied up in the Energy and Commerce 
Committee Stephen Budiansky 


*Managing Commercial High-Level Radioactive Waste (Office 
of Technology Assessment, May 1982) 


International disarmament 


Palme’s palm 


A nuclear-weapons-free zone in Europe 
and greater United Nations (UN) power to 
prevent hostilities in developing countries 
are the chief recommendations of the Inde- 
pendent Commission on Disarmament and 
Security Issues whose report, Common 
Security a programme for survival, was 
published last week Although neither re- 
commendation is new, Dr David Owen 
MP, former British Foreign Secretary, and 
Sir Shridath Ramphal, Secretary-General 
of the Commonwealth Secretariat, who 
presented the report in London, argued 
that their revival now ıs timely 

So, partly by design and partly by 
accident, was the publication of the report 
The original intention was to produce 
recommendations for the UN Special 
Session on Disarmament which began this 
week But the commission now also hopes 
that its document will inform the Strategic 
Arms Reduction Talks (START) due to 
begin in Geneva on 27 June Dr Owen 1s 
optimistic that the South Atlantic conflict will 
focus attention on the recommendation for 
a UN fact-finding mission which could be 
called in by a country fearing imminent 
aggression by a neighbour 

The report comes after more than a 
year’s deliberation by 17 distinguished 
politicians from as many countries under 
the chairmanship of Olof Palme, former 
prime minister of Sweden The task of the 
commissioners, each of whom was chosen 
for their understanding of international 
affairs and not as a national representative, 
was to prepare a report on the con- 
sequences of the arms race along the lines 
of the Brandt report on economics 

The result ıs an analysis of global conflict 
and tension which embraces the effects of 
nuclear arms build up on North-South as 
well as East—West relations and the effects 
of the increasing sophistication and 
strength of conventional forces on 
relations between developing countries 
The commission believes that the risk of a 
devastating war ıs increasing ın spite of 
attempts at arms limitation It says that 
national security can no longer be assured 
by military means 

The idea of a limited nuclear war and the 
conventional strategies of the NATO and 
Warsaw alliances on the early use of 
strategic nuclear weapons are challenged 
The commission’s answer 1s to create a 
nuclear-weapons-free zone 1n Europe by 
negotiating parity in conventional forces at 
reduced levels 

Over the past eight years, the report says, 
developing nations have been drawn mto 
the arms race, while vertical proliferation 
in the five recognized nuclear powers has 
increased the probability of horizontal pro- 
hferation Industria] nations have also 
made matters worse by selling sophisti- 
cated conventional arms to developing 
countries, making the escalation of local 


disputes more likely The commission 1s 
particularly critical of the high level of 
military spending by nations that can least 
afford it Security for developing nations, 
particularly those with small populations 
whose borders are ın dispute, must be he 
assured by other means — hence the’ ` 
recommendation to revitalize the origina] 
intention of the UN charter by increasing 
the powers of the Security Council to pre- 
empt conflicts 

The commussion’s ‘‘programme of 
action’’ 1s divided into short and medium- 
term measures, for implementation within 
two and five years respectively The pro- 
gramme includes measures to reduce 
nuclear and conventional forces in the 
NATO and Warsaw alliances, a nuclear- 
weapons-free zone, a comprehensive 
chemical weapons disarmament treaty, Á 
agreement on guidelines for conventional 
arms transfer, a substantial reduction in 
military spending and the transfer of 
mulitary scientists to civilian research 

Little advice is offered on how to achieve 
these measures But the commission 15s 
clearly hoping that the chief impact of tts 
report will be to focus increasing public 
concern Judy Redfearn 


Italian science policy 


New consensus ~ 


Venice 

Italian science policy appears at last to be 
getting into gear, despite the almost annual 
changes of government that confound 
most long-term planning ın this country 
The reason? Politicians here have reached 
a consensus close to the French position 
that research 1s necessary to pull Italy out 
of its economic crisis 

This consensus 1s beginning to survive 
the rise and fall of governments, so the 
present science minister, lawyer Giancarlo 
Tesini, who has been ın post for a year now 
in President Giovanm Spadolint’s shaky 
five-party coalition, has been able to take 
some action 

One of his key moves has been to achieve 
five-party agreement on a reform of the 
Italian national research council (CNR) 
which until recently has dominated Itahan 
government research and development 
both inside and outside universities “CNR 
is a major problem of the Italian science 
ministry’’, Tesim said here last week, 
where he is attending a scientific meeting 

Broadly, Tesim wants to shift CNR, with 
most of its laboratories in universities, into 
a closer relationship with industry The 
reform would put industrial scientists into 
key CNR positions and streamline an 
organization which 1s widely regarded as 
being massively bureaucratic — so 
bureaucratic, in fact, that in 1980 ıt failed 
to spend an important part of its budget 
concerning the Italan space programme 
For its pains, the result ın 1981 was a budget 
cut of 10 per cent in current lira (much 
more in real terms) to the present figure of 
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argund 420,000 million lira (£180 million) 
Under the previous government, CNR 
also lost control of university research (that 
Is, research in universities outside CNR 
laboratories), which 1s now 1n the hands of 


«x the national council of universities (CUN), 


where the same professional groups take 
similar decisions but outside the CNR 
bureaucratic structure 
Tesini’s reforms, now before 
parlament, would revitalize the crumbling 
structure of CNR Already CNR ıs 
spending an increasing part of its budget on 
applied projects, the latest list of seven 
amounting to 300,000 million lira over five 
years (Two examples of these projects are 
an effort to increase Italan agricultural 
productivity, particularly in the south, 
since Italy ıs a nett food importer, and a 
ecently completed project to develop an 
electronically-controlled fuel-efficient 
engine in collaboration with Alfa Romeo ) 
But Tesini does not want to make CNR 
entirely into an organ of industrial 
research ‘‘It would be dangerous to create 
a gulf between university work and CNR” 
he says 
Now the future of CNR 1s in the hands of 
parliament, but in the nature of Italian 
politics ıt may be two weeks or a year before 
the vote is taken on the Tesini reforms, by 
which time his government may well be out 


d--of office and a new minister in place to take 


the credit Robert Walgate 


Humid tropics 


Cautious growth 


Washington 

In a report released last Thursday, the 
National Academy of Sciences has 
recommended cautious but expanded 
development in the humid tropics The 
study, commissioned by the US Agency for 
International Development*, found that 
concern over the environmental] 


+ consequences of tropical deforestation 1s 


‘ legitimate, but often overstated, and 
moreover that development is inevitable 
Ninety per cent of the world’s population 
increase from now to the end of the century 
will take place in the tropical countries — 
an addition of 1,500 million people 

One of the main messages of the reports 
that despite the inherent difficulties in 
managing tropical areas — and the study 
recites them all, including annual rainfall] 
of 5-35 feet, tremendous species diversity, 
and poorly understood ecology — new 
technologies are appearing that can get 
around these problems 

According to Dr Pedro Sanchez of 


4.. North Carolina State University, a member 


of the panel that prepared the report, some 
myths about tropical soils need to be dis- 
pelled He points out that ‘‘there’s nothing 
fundamentally different in the agronomy 
between the humid tropics and the south- 
eastern United States Contrary to myth’’, 
he adds ‘“‘tropical soils though often 
infertile and acid are not fragile They are 
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Private help 


Washington 

In a move that will help fill the void 
left by the Reagan Admunistration’s 
cutbacks in environmental research, 
a private group —- the MacArthur 
Foundation — has stepped ın to offer 
$15 million for a new research organ- 
ization The Institute for World 
Environment and Resources will con- 
centrate on issues in global ecology such 
as species loss, imadvertent climate 
modification, desertification, defore- 
station and population 

A key government agency that had 
been following long-term global issues, 
the Council on Environment Quality 
(CEQ) was cut back to a bare-bones 
staff as soon as President Reagan took 
office The director of the new institute, 
JamesG (‘‘Gus’’) Speth, was chairman 
of CEQ under President Carter 

The institute, which expects to begin 
operations by October, will however 
attempt a broader and more scientific 
approach than CEQ has taken It seeks 
to bring together scientists from the 
physical, biological and social sciences 
to work on interdisciplinary problems 
of significance to public policy 

Although the institute will be based in 
Washington, roughly one-quarter of its 
$4 million annual budget is expected to 
go to established research contracts 
with university centres of expertise in 
the environment and resource fields 

Stephen Budiansky 


not especially low in organic matter nor 
especially prone to erosion A lot of the 
erosion pictures ın the popular press are 
‘civil engineering erosion’ pictures taken 
around roads and drainage systems’’ 

Sustained agriculture on cleared land 
does, however, require careful manage- 
ment and new technology, in particular 
continuing application of fertilizer Sus- 
tainable agriculture, as opposed to 
traditional shifting cultivation, 1s con- 
sidered the key to attaining the greatest 
benefit with the least deforestation and 
thus the least environmental disruption 

Still, much may be possible through the 
fine-tuning of indigenous technologies 
For example, the traditional slash-and- 
burn method of clearing turns out to be 
much easier on topsoil than are bulldozers, 
and furthermore provides free fertilizer in 
the form of nutrient-rich ash 

Dr H Garrison Wilkes of the University 
of Massachusetts, Boston, another panel 
member, points out that too little has been 
done to exploit and improve on tropical 
germ plasm resources ‘“The amount we 
know about cowpeas,” he says, ‘‘or other 
tropical crops such as casaba, palms, 
tropical cabbages 1s very small — so the 
potential for genetic improvement 15 
tremendous ”’ Stephen Budiansky 


*Ecological Aspects of Development in the Humid Tropics 
(National Academy Press, Washington DC, 1982) 


Soviet agriculture 


Food for all? 


The Soviet Union’s new food pro- 
duction programme designed to make 
Soviet food production match demand was 
announced last month at a plenary meeting 
of the Central Committee and introduced 
in a major speech by first Secretary Leonid 
Brezhnev himself 

To avoid emergency purchases from the 
non-Socialist world while this drift from 
agricultural to industrial employment 
continues will demand a major investment 
in agricultural research Several lines of 
investigation are specifically mentioned in 
the programme, but their implementation ts 
formally entrusted to the leading Soviet 
scientific bodies — the Academy of 
Sciences, the Lenin Academy of 
Agricultural Sciences and the State 
Committee for Science and Technology 

According to the programme, however, 
the practical work is to be the 
responsibility, primarily, of the network of 
“scientific production associations” set up 
in the past few years to link research and 
development organizations with 
production enterprises These associations 
are to form the basis for the production of 
high quality and hybrid seeds and plants of 
‘*superior reproductive quality’’ as well as 
the rearing of pedigree cattle for state and 
collective farms 

The targets laid down by the new 
programme are precise varieties of winter 
wheat must be developed with a yield of not 
less than 80-90 q ha, spring wheat of 
45-60 q hai, maize hybrids of 12-130 q 
ha~! on irrigated land and 80-90 q ha~ on 
non-irrigated land and peas of 40-45 q ha~? 
(lq=100 kg) Fodder crops must yield 
10,000-15,000 fodder units per hectare 
under irrigation and 5,000-6,000 fodder 
units without, while technology or fodder 
storage must ensure retention of at least 90 
per cent of nutrients 

In addition to these precise targets, there 
are less specific directives Research is to be 
directed at saving energy in soll 
conservation, the rational usage of water 
resources, anti-pollution measures and the 
mass examination and treatment of 
animals Special attention is to be paid to 
the development and mass production of 
biological and chemotherapeutic 
veterinary pharmaceuticals 

To support this applied research, the two 
all-union academies, together with the 
republic academies of sciences, are to 
develop theoretical work in genetic 
engineering This will include the breeding 
of new strains of plants, microorganisms 
and animals, the biotechnology of protein 
synthesis and biologically active substances 
The academies will also be responsible for 
new pesticides and herbicides, growth 
regulators and similar sophisticated 
agricultural preparations, and for designing 
the industrial technology for their 
commercial preparation Vera Rich 
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US National Institutes of Health 


New clinical trials 


Washington 

Dr James B Wyngaarden has finally 
been sworn in as director of the National 
Institutes of Health (NIH), the US health 
research agency, and so has come out of the 
shadows where he has been hiding, in a 
sense, since his name surfaced as the 
Admunistration’s candidate for the post 
last autumn He has now begun 
interviewing candidates for those institutes 
that have no permanent directors at the 
moment (some of the posts have been 
vacant for months) 

Last month Wyngaarden also held his 
first press conference in his new capacity, 
and the debut produced one serious slip — 
a statement that his personal belief 
favoured freedom of individual choice 
regarding abortion —- which was 
unmediately attacked by anti-abortionists, 
who are very active in Washington these 
days He also said, speaking personally, 
that he would have ‘‘no problem’’ with 
carrying forward NIH’s research ın animal 
in vitro fertilization to the human level 
Whether NIH should sponsor research on 
human im vitro fertilization has been a 
controversial subject — so controversial 
that possible government guidelines have 
been pending, but not issued, since the time 
of the Carter Administration 

But when he spoke officially, 
Wyngaarden indicated his views for the 
future of NIH — which he has had ample 
time to work out in the long months of 
warm-up for the job He said he wants to 
keep the present balance of activities, 
particularly the level of 50 per cent of NIH 
funding allocated for basic science 
including investigator-initiated grants He 
also favours continuing use of training 
grants and fellowships as a means of 
producing good basic biomedical 
scientists He said he agreed ‘‘funda- 
mentally? with the stabilization pro- 
gramme meant to insulate NIH from 
budget swings that was introduced by his 
predecessor, Donald K Fredrickson 
Wyngaarden also defended peer review asa 
“brilliant creation” of one of his pre- 
decessors, James A Shannon, and said 
that NIH were not at the moment well 
placed to embrace more institutes All this 
was hardly surprising, given Wyngaarden’s 
background 1n academic medicine at Duke 
University School of Medicine 

Wyngaarden did, however, express 
interest ın starting new clinical trials NIH 
still run several, but some have come under 
criticism for bemg very expensive and 
sometimes not useful No new clinical trials 
have been initiated by NIH since 1978 But 
Wyngaarden said he was considering 
suggestions for new clinical trials in the 
cancer, cardiovascular and arthritis fields 
that might well be worth starting even 
though they would commit funds for many 
years and take money away from 
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investigator-initiated grants New clinical 
trials would, of course, mean a change of 
the balance of activities of NIH But sucha 
change, if ıt comes, 1s some time off, as 
Wyngaarden has much to do now to get 
NIH running again Deborah Shapley 


Biotechnology 


Yugoslav plan 


Zagreb 

Yugoslavia 1s planning a major drive in 
biotechnology, based on a projected new 
institute on the Dalmatian coast The new 
scheme, which now awaits federal approval, 
has the backing of the government of the 
Croatian Republic, and is intended both to 
enhance the international prestige of 
Yugoslav science and to help the drive to 
develop science-based industry 

The present stagnation of the Yugoslav 
economy has made ıt impossible for science 
and industry to continue its recent course 
of dependence on foreign licences and the 
import of obsolescent technologies Indeed 
last year’s Congress of Self-Management 
stressed unequivocally the need for home- 
grown technology 

Some research institutes embarked on 
such a course several years ago Thus the 
Jozef Stefan physics institute in Ljubljana 
supplies knowhow to a range of industries 
from medical technology to nuclear power 
and the Immunology Institute of the 
University of Zagreb has become a major 
earner of hard currency by means of sales 
of sera and sophisticated pharmaceuticals, 
including interferon 

The new emphasis on science-based 
industry, however, accords well with the 
desire of Yugoslav — and particularly 
Croatian — biologists to see their country 
take a lead position in biotechnology 
During the academic year 1979-80 a group 
headed by Dr Marya Alaceivic of the 
Department of Biotechnology of the 
University of Zagreb raised the possibility 
of founding an international institute for 
molecular genetics somewhere on the 
Croatian coast 

Several coastal towns were asked to 
tender for providing a site Dubrovnik, 
which already boasts an Inter-University 
Centre of Postgraduate Studies, was tipped 
as favourite Just before the closing date, 
however, Split made an intriguing counter- 
proposal The institute, Spht suggested, 
could be housed ın the Villa Dalmatia, one 
of the residences of the late President Tito 
The proposal now only awaits official 
ratification Apart from symbolic ım- 
plications, Split has other advantages 
including a long-standing academic 
tradition which, in 1974, culminated ın the 
foundation of a university 

The choice of biotechnology seems to be 
dictated partly by economic considerations 
— the costs involved in biotechnology, 
while not negligible, are modest 
Moreover, Yugoslavia has a long tradition 
in organic chemistry and can boast two 


Nobel prize winners — Ruzicka and Prelog 
— in this field 

Supporters of the institute already speak 
of the projected institute as ““anternational”’ 
There is hope that the European Molecular 
Biology Organization (EMBO) will help but ka 
that would mean that Yugoslavia would first ` 
have to jom EMBO — a proposal already 
formally made by the Yugoslav scientific 
community to the federal government 
Yugoslav participation in international 
scientific research has not always been 
auspicious — although a founding member 
of CERN, for example, Yugoslavia had to 
drop out because ıt could not meet the 
financial contributions 

According to Professor Ivo Slaus, the 
chairman of the steering committee for the 
institute, even 1f no international support 1s 
forthcoming, the Croatian scientific. ~L, 
community would still wish the institute to 
be ‘‘international’’ m the wider sense of the 
word The Republic of Croatia has already 
allotted 15 million dinars (£188,000) for 
preliuminary work and part of this sum will 
be spent on a conference next year to 
launch the new institute and to ensure that 
ıt does not duplicate the work of existing 
institutes (such as Szeged in Hungary) 

Vera Rich 


UK-—Argentine cooperation 


Shadows of war 


The storm clouds over the South 
Atlantic are casting long shadows over 
scientific relations between Argentina and 
the United Kingdom Scientific collabor- 
ation between the two countries had been 
growing but ıt now looks as though several 
promising projects may be blighted The 
rumblings have already caused the post- 
ponement of the Sixteenth International 
Symposium on Remote Sensing of 
Environment, which was to have been held 
m Buenos Aures this week Organized 
jointly by the Environmental Research~ 
Institute of Michigan and the Comisión 
Nacional de Investigactones Espaciales, 
the conference was to have heard 200 
papers When the Falklands crisis erupted, 
many intended participants withdrew their 
papers and gave notice that they would not 
attend the symposium 

Scientific collaboration between Britain 
and Argentina — in the form of joint 
university projects, exchange visitors and 
fellowships — has been nurtured over the 
past few years by the Royal Society and the 
British Council The Royal Society and 
Conicet (its Argentine equivalent) have had 
a reciprocal agreement for some ten years 
— 110 scientists a year have been+# 
exchanged All this has now been put on 
ice The Royal Society recently sent out a 
letter to scientists 1t had planned to sponsor 
on visits to Argentina saying that, in view 
of present circumstances, all exchanges 
should be halted 

The British Council has increasingly 
encouraged British academics to put out 
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feelers and develop reciprocal research 
projects with Argentina Through the 
council’s office in Buenos Aires, Argentine 
universities would suggest projects for 
possible cooperation and the council would 
ə then approach the universities in Britain 
Travel expenses were paid by the visiting 
country’s organization, the council or 
Conicet, and subsistence by the host The 
council has now closed its office in Buenos 
Aires and recalled its staff 

When the Falklands crisis broke, 
eighteen jointly-funded university projects 
were under way In the past year the British 
Council has sponsored 7 long-term 
scholarships, 36 visitors and 17 lecture 
trips The numbers may not be great but the 
Royal Society, the British Council and 
many academics have expressed their 
profound regret that the present situation 
may put a big question mark over such 
agreements 

Several promising projects have been 
nipped inthe bud Imperial College and the 
Centro de Investigaciones Opitcas (CIOP), 
La Plata, have for the past eighteen months 
been discussing the setting up of a joint 
laser physics research project Professor 
GHC New of Imperial College recently 
paid a visit to Argentina to give a series of 
lectures and arrange future collaboration 
As well as exchanging postdoctoral fellows 


x- on extended visits — beneficial for each 


party in providing highly specialist 
researchers free — ıt was also hoped that a 
British specialist would go out to Argentina 
to teach and act as a consultant at CIOP 
Professor J Barber (Pure and Applied 
Biology, Imperial College) has also 
recently been to Argentina to coordinate a 
joint photosynthesis research project The 
oceanography department at the 
University of Southampton has been 
making moves to coordinate research with 
Argentina, particularly in the area of oil 
exploration Professor A P M Lockwood 
has been closely involved 1n talks to set up 


‘ traming exercises particularly in his 


í capacity as a delegate of TEMA (Training 
and Education for Mutual Advantage), 
part of UNESCO’s International Oceano- 
graphic Commission 

Both Argentine and British scientists are 
concerned that the Falklands crisis will 
seriously damage opportunities for 
scientific cooperation In particular, many 
Argentine scientists in Britain are worried 
that 1f they leave the country to attend con- 
ferences abroad, they may have problems 
getting back into Brita In Apni, both 
Britain and Argentina introduced a visa 
requirement A spokesman for the Home 
Office did say, however, that he could not 
4.-foresee any problem if Argentine nationals 
applied for re-entry visas before leaving the 
country What ıs clear ıs that many 
academics feel uncomfortable in a 
situation where politics 1s impinging on 
their research As one who has recently 
visited Argentina said, ‘‘They’re a 
wonderful country and wonderful people 
It’s very, very sad” Jane Wynn 
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Australian telesatellites 


Outback opened 


Canberra 

Australia will have its own domestic 
communications satellite by the end of 
1985 In a statement to the House of 
Representatives on 6 May, the then 
Minister for Communications, Mr Ian 
Sinclair, announced that Hughes 
Communications International will build 
the space segment of a domestic satellite 
The system, known as Aussat, will be 
owned and operated from the start as a 
commercial venture by Aussat Pty Ltd 
Although Aussat 1s at present wholly 
owned by the federal government, the 
government intends to sell 49 per cent of its 
equity to the private sector as soon as 
practicable, in line with its free-market 
policy principles 

The contract with Hughes, the sealing of 
which seems imminent, specifies three 
satellites for the system —— two ın orbit and 
one on ground standby, with the option of 
a fourth satellite should demand justify ıt 
The satellites will have an operational 
lifetime of seven years and function ın the 
super-high frequency (gigahertz) range 
with four high-power and eleven low- 
power transponders The net result will bea 
versatile satellite of hmıted capacity, 
primarily suitable for television networks 
Provisional bookings with the European 
Ariane launch vehicle and with NASA’s 
Space Shuttle or Delta rocket have been 
secured The fixed-price package offered 
by Hughes, including the launching and 
construction of two ground control 
stations, will cost A$166 milhon (£95 milion) 
Of this, only A$S 1 million will be spent 
on local technology, which 1s a sad reflection 
on the dearth of innovation ın the Australian 
electronics industry 

Aussat promises a glittering array of 
services including direct television 
broadcasting to widely scattered homes 
throughout the continent, business 
communications and remote educational 
and medical services Both the School of 
the Air, plagued by poor reception, and the 
Royal Flying Doctor Service will get a new 
lease of life The satellite will also bring 
telephone services to the outback as well as 
a back-up service for trunk Imes between 
major cities Unfortunately, the more 
imaginative aspects of satellite 
telecommunications such as ‘“‘teleconfer- 
encing’’, direct radio contacts and electronic 
news gathering are ruled out ın this satellite 
because of its frequency allocation and 
limited number of transponders 

The principal government user of Aussat 
will be the Australian Broadcasting 
Commission, which has reserved all the 
four high-power transponders on the first 
satellite for its Homestead and Community 
Broadcast Satellite Service The 
beneficiaries will be farmers and station- 
owners who can afford A$1,000 for the 
purchase of a 1 2-metre diameter recep- 





tion dish For the rest of Australian 
viewers, the satellite will bring more of the 
same, the Australian Broadcasting 
Commission is likely to imcrease the 
proportion of its programmes relayed in 
real time, rather than on film or tape, to its 
network On the other hand, Aussat may 
facilitate the production of special-interest 
programmes for small groups such as 
ethnic communities, for which there 1s 
insufficient local appeal but which may be 
viable on a national basis 

Other public users will be Telecom, who 
will provide the remote telephony and 
business services, the Department of 
Transport, which will use the facility for 
aeronautical and marine communications 
and the state police departments 

The commercial television stations are 
expected to be the principal private users 
There 1s, however, the possibility of using 





“At least we made 

the solar panels” 
the high-power transponders on the second 
satellite on a pre-emptive basis, ın which 
case the fourth satellite will certainly be 
needed Significantly, Aussat will provide 
the first opportunity for a private operator 
tocompete with Telecom At present, legis- 
lation ensures that Telecom has a 
monopoly in all landlines and terrestrial 
microwave links However, Telecom has a 
statutory obligation to weight its charges 
for profitable services in order to cross- 
subsidize telephone services 1n rural areas 
A competitor, not hampered by these 
obligations nor by having to contend with 
the growing union activism within 
Telecom, could under-cut Telecom for its 
business services via satellite and still make 
massive profits 

The substantial private equity in Aussat 
raises political questions of regulating 
ownership, access and frequency allo- 
cation The satellite, by enhancing 
television networking, will undermine the 
position of commercial stations not having 
access to 1t Consequently there 1s a real 
danger that the media, now already ina few 
private hands, will be even further concen- 
trated Another problem to be tackled 1s 
the possible piracy of the downlink beam 
by neighbouring countries or illegitimate 
access to international and overseas 
databanks Australian legislators will have 
to resolve these problems with little by way 
of precedent Vimala Sarma 
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CORRESPON DENCE 


p n 


SIR — In your leading arti¢le referring to the 


~ '* tPaiklanti Isfand§ conflict (gee Nature 8 April, 
X24 HARON fh As*stated that the pnly claim of 


Argentina ta she ewnerghip of the islands 18 
the-proxummy{th) the Argenfine coast Since we 
céitsidet thiststatement.tp be in error we give 


Feewswyesd attetaiedbacfouant df the historical events 


g 


2 


S 


the cause of me present conflict 

The discovery: The strongest evidence 
available indicates that the discovery of the 
islands can be attributed to the crew of the 
ship ‘San Anton”, a member of the Spanish 
expedition led by Hernando de Magallanes 
(Magellan) With the name of ‘‘Islas de 
Sanson” (an abbreviation and slight 
modification of the ship’s name) the islands 
are depicted ın several Spanish maps from 
1522 to 1590, as well as in the Italian map of 
Agnese, of 1536, where the Magellan route 1s 
indicated 

Naturally, Spanish dominion over the 
islands was proclaimed (in accordance with 
Papal bulls and treaties with Portugal) and in 
1580 a garrison was settled near the Magellan 
Strait having jurisdiction over the mainland 
and the nearby islands 

In 1619, on a map made under the direction 
of the Dutch sailor Sebald de Weert, the 
islands appear with the name of ‘‘Sebaldin 
islands’’ The first British descriptions were 
published 1n 1622 but even British scholars are 
doubtful about these reports 

However, the British sea rover Willam 
Dampier was there by 1648 and in 1690 John 
Strong gave the name ‘‘Falkland Sound” to 
the strait between the two main islands, a 
name that in the English literature was later 
extended to the whole archipelago 
The occupation: The islands were first 
occupied ın 1764 by the Frenchman Louis 
Antome de Bougainville who established a 
small colony in a place he named Port Lows 
Since most settlers were from the French port 
of St Malo the islands took the name of 
“Iles des Malouines’’, which in the Spanish 
literature became “‘Islas Malvinas”’ 

Once Spain realized that the French had 
settled there the Crown made the appropriate 
claims to France and ın 1767 the French left 
A small Spanish garrison subsequently 
remained in Port Louis, which took the name 
of ‘‘Puerto Soledad”’ 

In the meantime (1765) a small group of 
people from Britain had settled in a place 
which they called Port Egmont Once again, 
Spain made the respective claims and since the 
British did not want to leave peacefully they 
were expelled by force in 1770 The dipiomatic 
conflict that started ended by an agreement 
between Britain and Spain in which the British 
were reinstalled in Port Egmont in 1771 and 
left ‘‘spontaneously’’ in 1774 The British 
occupation lasted four years in all 

In 1811, after 44 years of regular 
occupation, the Spanish garrison was sent to 
Montevideo because of the War of 
Independence that had started in Buenos Aires 
in 1810 This war led to the Declaration of 
Independence in 1816, followimg the North 
American example 

Argentina, as heir to the Spanish 
possessions, took charge of the Islas Malvinas 


Achistory, of the Falkland Islands 


in 1820 and left a representative of the 
Government of Buenos Aires 

In 1825 Britain recognized the independence 
of Argentina and signed a treaty of peace and 
commerce without questioning the Argentine 
possession over the islands 

In 1829 the administration of the island was 
reorganized and a governor was sent from 
Buenos Aires He settled there with his family 

On 2 January 1833 John James Onslow, 
commanding the British frigate *‘Cho’’, 
dismissed the Argentine authorities by force 
The British forces stayed there until 2 April 
1982 
The claims: The Argentine government 
considered the British action to be plunde: and 
immediately made the corresponding claim 
Since then this claim has been repeated by the 
Argentine government (regardless of its 
political affiliation) at every convenient 
opportunity but no satisfactory answer has 
been obtained 

The creation of the United Nations opened a 
new possibility, particularly when ın 1960 it 
decided to end colonialism Britain 
spontaneously presented the ‘‘Falkland 
Islands” as a ‘“‘non-autonomous territory”, an 
expression that replaced the old term 
“colony” (Resolution No 1514, XV General 
Assembly) 

Since Argentina claimed the property of the 
islands, ın 1965, after patient diplomatic 
procedures, the 20th General Assembly issued 
Resolution No 2065 (approved by 94 votes in 
favour, none against and 14 abstentions, 
Britain among them) ın which both Britain 
and Argentina were invited to solve the 
conflict in a peaceful way 

Conversations started and during this time 
Argentina has steadily contributed to the 
improvement of the living conditions of the 
islanders which were neglected by the British 
government Schools were improved, an 
airport was built (the only one ın the islands) 
and twice-weekly air communication with the 
continent through an Argentine airline was 
started, thus ending the island’s long isolation 
Free health assistance and education on the 
continent were also offered to the islanders It 
1s important to stress that the islanders were 
primarily dependent on the ‘‘Falkland Islands 
Company” which controlled every aspect of 
their lives production, commerce and even 
food supply The company also owns most of 
the useful land 

At first Britain seemed to accept a 
diplomatic solution and even stated that she 
would transfer the islands to Argentina 
provided the interest of the 1,800 inhabitants 
was taken into consideration However, 
Britain subsequently paid no further attention 
to the subject and no more steps were made in 
the negotiation 
The conflict: The present conflict originated as 
follows At Grytviken, San Pedro Island, a 
Malvinas Islands dependence, there was on old 
and abandoned whaling factory An Argentine 
scrap dealer made the proper arrangements 
with the owner of the factory to dismantle it 
and sell ıt for scrap The arrangements were 
made according to British law and with the 
British authorities’ approval Nevertheless, 


once the Argentine workers were at Grytviken, 
they were considered to be ‘‘invaders’’ and a 
warship was sent to clear them out Argentina 
in turn first sent another warship to protect 
the workers and then occupied the islands The 
recovery of the whole archipelago was made 
without any harm to the British Not a single 
drop of British blood was shed but four 
Argentine people lost their lives 

ALBERTO C TAQUINI 
Asociacion Argentina Para el 

Progreso de las Ciencias, 

Buenos Aires, Argentina 
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Logarithmic SI d 
Sır — I have for some tıme made private use 
of a notation for expressing numbers and 
measurements that others might perhaps also 
find useful It was suggested to me by the 
symbol ‘‘pH’? 

The first step 1s to let the prefix p mean 
‘fantilog to the base 10’’ So p01s 1, p6 ıs 
1,000,000, 2,000 1s 2p3 or, to one decimal 
place, p3 3 For, say, 0 02 there 1s a choice of 
p2 3, pl 7 or Z2p2 (More generally, p may be 
regarded as p !, giving p °2 as 2, p !2 as 100, 
p72 as p100, and so on — so p 79 ıs a very 
large number ) a 

The next step 1s to let pQO mean the SI unit 
value of some quantity Q, this generates a 
notation that ıs particularly useful for very 
large or very small measurements 

My own practice is to use pLO, pM0 and 
pTO for 1m, 1kg and 1s respectively Area, 
volume, speed and acceleration may 
convemently be written pL *, pL 3, pL* and 
pL** (I say ‘pL stars’ —c f x), the two latter 
pL/T and pL/T? alternatively For other units 
I use the SI symbol itself — 1 joule 1s pJO (I 
also write pDO for 1 kg m? ) 

As examples, electron mass and radius (m , 
and r,) are pM30 0 and pL 14 6, the solar mass 
pM30 3 and the Solar System’s diameter about 
pL13, the speed of hght BL*8 5 and of 
continental drift about pL*9, anda yearis . 
within 1 part ın 500 of pT7'A 

This notation 1s particularly practical in that 
it avoids the awkwardness of the half-sized 
superscript (2 x 102° kg), while getting round 
the somewhat clumsy SI prefix system, which 
In general usage has caught on only rather 
patchily 


-4 


J A NICOLL 
London W5, UK 


Support the Zoo 


SIR — The article by Jane Wynn in Nature 13 
May (p 97) points up what seems to me to be 
an obvious anomaly Kew Gardens 1s (rightly) 
given enough Exchequer support to enable ıt 
to charge an entry fee of 10p, and to have over 
I milhon visitors a year London Zoo, which 
has similar functions, 1s forced to try to charge 
an ‘‘economic’’ entrance fee and hence price 
itself out of existence Why the difference? 

J R BAKER 
The Institute of Terrestrial Ecology, 
Cambridge, UK 
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NEWS AND VIEWS _ 


The oncogenic circle closes 


A LITTLE over a year ago I discussed in 
these columns! recent work from the 
laboratories of Geoffrey Cooper (Harvard 
Medical School) and Robert Weinberg 
(MIT) which showed that the NIH3T3 line 
of mouse fibroblasts can be morpho- 
logically transformed by transfection with 
DNA from chemically induced and 
spontaneous tumour cell lines The use of 
DNA-mediated gene transfer techniques to 
define and characterize the oncogenes of 
non-virally induced tumours marked a 
significant step forwards ın molecular 
oncology Yet in March 1981 many 
questions remained Nothing was known 
of the nature of these oncogenes or of their 
products and there was much speculation 
as to the relationship between these cellular 
transforming genes and proto-oncogenes, 
the cellular homologues of the oncogenes 
carried by strongly transforming 
retroviruses? Now an extraordinary series 
of reports from the groups of Cooper and 
Weinberg and of Michael Wigler (Cold 
Spring Harbor Laboratory), Mariano 
Barbacid, Edward Scolnick and Douglas 
Lowy (National Institutes of Health) has 
precisely identified several cellular 
oncogenes and their products and has 
shown that in two cases, the genes detected 
by transfection are proto-oncogenes 
Cellular oncogenes were first charac- 
terized in terms of their sensitivity to 
restriction enzymes It was shown that the 


DNA of different tumour types transferred 


different oncogenes but that within a 
tumour type, for example, mammary 
carcinomas, the same oncogene was 
transferred by the DNAs of independent 
tumours even when the tumours arose in 
different species, suggesting that the 
oncogenes are specific for a particular cell 
type This idea has now been extended by 
Cooper’s group in a study of twenty 
B- and T-lymphocyte neoplasms of human 
and murine origins? that shows that 
different oncogenes are activated in 
tumours derived from cells of the same 
lineage at different stages of 


4 differentiation Either different oncogenes 


are highly susceptible to activation at 
different stages of differentiation or the 


Peter WJ Rigby ts a member of the Cancer 
Research Campaign Eukaryotic Molecular 
Genetics Research Group and a Senior Lecturer 
ın Biochemistry at the Imperial College of 
Science and Technology, London SW7 2BZ 


from Peter W.J Rigby 


expression of a particular oncogene 1s 
required to transform cells of a given 
differentiation state This latter 
explanation, of target specificity within a 
lineage, has parallels in the interactions of 
defective avian leukaemia viruses with their 
target haematopoietic cells* 

The expected application of 
recombinant DNA techniques has now 
occurred, the favourite target being the 
human bladder carcinoma oncogene which 
has been cloned by the groups of Barbacid, 
Weinberg and Wigler’-? The gene is 
contained within an approximately 6 6 
kilobase (kb) BamI fragment and 
Barbacid’s group has further localized the 
transforming activity to a 30 kb Sacl 
fragment® Southern blotting experiments 
show that NIH cells transformed by 
bladder carcinoma DNA always carry this 
fragment of human DNA and that the 
allele of the gene carried in bladder 
carcinoma cells is not detectably 
rearranged in comparison with the allele 
present in normal human DNA Barbacid’s 
group has cloned the homologous 
sequence from normal human fetal liver 
DNA and shown that within the 
biologically active 30 kb SacI fragment 
there are no differences detectable by 
restriction enzyme or heteroduplex 
mapping® The fact that the T24, J82 and 
EJ lines of bladder carcinoma cells transfer 
the same oncogene ts not surprising 
because at a recent meeting in Squaw 
Valley, Calfornia*, Wigler reported 
restriction site polymorphism and 
isoenzyme data which show that the T24 
and J82 bladder carcinoma lines are 
identical and that the EJ lines, at the least, 
very closely related At the same meeting, 
Cooper reported the cloning of another 
oncogene transferred by DNA from bursal 
lymphomas of the chicken The striking 
aspect of this gene 1s its small size, only 1 8 
kb of DNA are required for biological 
activity and much of this segment 1s 
comprised of highly repeated sequences 
The region that hybridizes to mRNA 1s very 
short, approximately 03 kb, suggesting 
that the gene product wil] be a rather small 
polypeptide 

The relationship between cellular 
oncogenes and proto-oncogenes has been 
studied by all the groups About fifteen 
proto-oncogenes are now known and they 
have acquired a genetic notation of their 
own? Each gene has a three letter symbol 
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derived from the name of thevirusin which 


it was first defined Thus abl ıs the 
transforming gene of the Abelson murine 
leukaemia virus, fes the gene of feline 
sarcoma virus, myc the gene of avian 
myelocytomatosis virus (MC29) and so on 
The prefix v- indicates the intronless 
version of the gene carried by the 
retrovirus, c- the homologue in normal 
cellular DNA 

Cooper and Weinberg and their 
colleagues have used cloned retrovirus onc 
gene probes in Southern blotting 
experiments to analyse the DNAs of NIH 
cells transformed by a variety of cellular 
oncogenes!®:!! The mouse homologues of 
the onc genes are always detected but 1f the 
donor DNA 1s of a different species, say 
human, and if the transferred cellular 
oncogene 1s related to the retrovirus probe, 
the question remains whether additional! 
fragments corresponding to the transferred 
human gene will be detected To the great 
delight, and probably even greater 
surprise, of all retrovirologists, such 
relationships have been revealed ın the first 
series of experiments Weinberg’s group 
has shown that the EJ bladder carcinoma 
oncogene is homologous to c-Ha-rasl, the 
cellular equivalent of the transforming 
gene of Harvey murine sarcoma virus 
(HaMSV) Cooper’s group report similar 
data for the EJ and J82 oncogenes but even 
more surprisingly show that the oncogene 
transferred by the DNA of the LX-1 
human lung carcinoma line 1s homologous 
to v-Ki-ras, the transforming gene of the 
Kirsten murine sarcoma virus (KIMSV) 
Wigler (Squaw Valley meeting) has also 
reported the same results Weinberg’s data 
show that a novel fragment hybridizing to 
c-Ha-rasl 1s present in all NIH cells 
transfected with EJ or T24 DNA and in 
secondary transfectants Moreover, if 
DNA from a secondary EJ transfectant 1s 
cleaved with Baml, an enzyme known not 
to imactivate this oncogene, and 
transfected into NIH cells, one again sees a 
novel fragment homologous to c-Ha-ras1 
These novel fragments are also detected by 
the cloned oncogene and both probes 
hybridize to the same fragment of norma! 
human DNA The groups of Barbacid and 
Weinberg have compared the cloned ras 


*The Cetus UCLA Symposmum on ‘Tumor Viruses and 
Differentiation’, was held at Squaw Valley, California, 21-27 
March 1982 
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gene and the cloned bladder oncogene®:!!, 
and have shown that the sequence homology 
resides within the 30 kb Sacl fragment 
required for biological activity Quite 
unexpectedly, Barbacid’s group also 
demonstrates weak homology between the 
T24 oncogene clone and v-myc, although 
this homology lies within a 0 85 kb Sacl 
fragment not required for biological 
activity 

These data show clearly that the 3 0 kb 
Sacl fragment contains the bladder 
oncogene and that there 1s homology to 
ras, but do not prove that the two genes are 
identical, they could merely be closely 
linked or interdigitated However, analyses 
of expression make this latter possibility 
highly unhkely Wigler’s group showed’ 
that the T24 oncogene detects an 
approximately 1 2 kb cytoplasmic RNA ın 
T24 cells and in NIH cells transformed by 
the T24 oncogene but not ın untrans- 
formed NIH cells Weinberg’s group has 
now shown!! that this RNA, and a 5 1 kb 
transcript, hybridize to both the cloned 
oncogene and c-Ha-rasl, and Barbacid’s 
group reach the same conclusion? using the 
cloned oncogene and v-bas, the 
transforming gene of the BALB murine 
sarcoma virus, which 1s identical to ras 
Final evidence for identity comes from 
studies at the protein level Scolnick’s 
group has extensively analysed the protein 
encoded by v-ras and has raised a panel of 
monoclonal antibodies against this 
phosphoprotein of apparent molecular 
weight 21,000 (p21) Barbacid’s and 
Cooper’s groups show®:!° that NIH cells 
transformed by the bladder oncogene 
contain higher levels of p21 than do 
untransformed cells and Weinberg’s group 
mention that they have similar data!! 

Thus the cloned human bladder 
carcinoma oncogene is homologous to ras, 
the transforming gene of HaMSV, cells 
transformed by the bladder oncogene 
express an RNA which hybridizes to both 
oncogene and ras, and such transformed 
cells contain elevated levels of the protein 
encoded by ras The inescapable 
conclusion is that the bladder oncogene 1s 
an allele of the normal human homologue 
of ras, activated in a subtle, yet to be 
determined way If this 1s the case, then the 
normal human gene, if artificially 
activated, should transform NIH cells 
Lowy and Scolnick and their colleagues 
have shown that this does indeed occur As 
part of their wide-ranging studies of the ras 
system they have cloned four segments of 
human DNA with homology to ras, one of 
which, human c-Ha-ras1, 1s very simular to 
the rat c-Ha-rasi probe used by Weinberg 
This cloned segment does not transform 
NIH cells If, however, the 3 0 kb Saci 
fragment from this clone, which 1s, of 
course, equivalent to the 30 kb Sacl 
fragment of the bladder oncogene, is 
linked to the long terminal repeat (LTR) of 
HaMSYV, the resultant chimaeric molecule 
transforms Similar activation can be 
achieved using the LTR of feline sarcoma 


virus The transformed cells contain within 
ther DNA the human c-Ha-rasi gene 
linked to the viral LTR and express the p21 
protein 

A normal human gene can thus be 
activated either by some as yet undefined 
change occurring during the induction or 
progression of a human tumour or by 
linkage to the control sequences contained 
within a retroviral LTR The consequence 
of this activation 1s the expression of 
elevated levels of p21 which 1s also the 
transforming agent of a murine retrovirus 
It should be noted that transformation 
does not result simply from the expression 
of p21 but from elevated expression of this 
protein Both the corresponding RNA and 
p21 are found at low levels in normal! 
human cells (ref 12 and Wigler at the 
Squaw Valley meeting} The notion that 
cancer 1s a disease caused by dosage, that it 
results from elevated expression of normal 
gene products, is thus further supported 

Cooper and Weinberg have also taken a 
separate approach to the identification of 
the products of cellular oncogenes!?-!4 
NIH cells transformed by a cellular 
oncogene can be used to induce tumours ın 
young mice and sera from the tumour- 
bearing animals can then be employed to 
immunoprecipitate labelled extracts from 
cells transformed by that oncogene Any 
proteins specifically immunoprecipitated 
are likely to be either the product of the 
oncogene or a protein directly induced by 
its action Sera taken from animals bearing 
tumours induced by NIH cells transformed 
by other oncogenes should not recognize 
this protein and, conversely, the protein(s) 
should not be present in extracts of cells 
transformed by other oncogenes In this 
way, Weinberg’s group has identified a 
non-glycosylated phosphoprotein of 
apparent molecular weight 185,000 
synthesized in NIH cells transformed by 
the oncogene of nitrosoethylurea-induced 
rat neuroblastomas This protein 1s also 
found in cells transformed by DNA froma 
rat globlastoma but this tumour was 
obtained by the same protocol as the 
neuroblastomas and derives from a similar 
issue type Cooper’s group has 
concentrated on cells transformed by the 
oncogene of the human mammary 
carcinoma line MCF-7 The antisera 
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obtained 1mmunoprecipitate a non- 
phosphorylated glycoprotein of apparent 
molecular weight 86,000 (gp86) and often a 
protein of apparent molecular weight 
19,000 Restriction enzyme digestion 
experiments have shown that the MCF-7 


oncogene 1s closely related to the oncogene 


of mouse mammary carcinomas induced 
by mouse mammary tumour virus 
(MMTV) or by dimethylbenzanthracene 
(DMBA) In agreement with this result, 
gp86 1s precipitated from extracts of cells 
transformed by the MCF-7 oncogene by 
sera from mice bearing tumours induced by 
cells transformed by DNA from MMTV- 
and DMBA-induced mammary 
carcinomas and by sera from mice bearing 
primary MMTV-induced carcinomas 
gp86 cannot be detected, however, 1n cells 


transformed by DNA from MMTV- or 


DMBA-induced carcinomas, or 1n primary 
MMTV-induced carcinomas or in MCF-7 
cells Thus while the connection between 
gp86 and the cellular oncogene 1s not clear- 
cut, ıt seems likely that this protein will turn 
out to be either the product of the 
mammary carcinoma oncogene or to be 
directly induced by ıt 

Despite the astonishing advances that 
have been made in the past year, many 
Important questions remain unanswered 
First, what 1s the general validity of the 
NIH3T3 cell assay for cellular oncogenes? 
Almost all the work has used this cell line 
simply because ıt transfects extremely 
efficiently These cells are not normal 
however, and could be described as teetering 
on the edge of transformation Many are 
the tales of those who, in their first 
experiments with these cells, succeed in 
generating many foci without the 
application of any DNA! In more scientific 
terms, these cells transform with kinetics 
indicating that only a single event 1s 
required, whereas most data suggest that 
natural carcinogenesis is a multi-step 
phenomenon However, Sager and her 
colleagues have recently shown that the 


A 


bladder carcinoma oncogene will 


efficiently transform CHEF/18 cells!’ 
This Chinese hamster embryo fibroblast 
line has been extensively studied by Sager’s 
group and their data indicate that 
transformation in this system normally 
requires multiple events They conclude 
that the activated bladder oncogene is the 
end product of the multi-step carcinogenic 
process Weinberg’s group has shown! 
that the rat neuroblastoma oncogene will 
transform Rat-1 cells, a line of rat 
fibroblasts that (in my experience at least) 
is more normal than NIH3T3 cells The 
development of additional cell systems for 


the assay of oncogenes will be important -$ 


but in the final analysis we need to know | 


whether an oncogene will transform its 
apparent target cell type However, the 
development of efficiently transfectable 
cells derived from a wide variety of 
specialized tissues will be technically 
difficult 

The second major question 1s whether 
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oncogenes detected by the NIH cell assay 
are the primary causative agent of the 
tumour from which they are derived or is 
their activation the end result of a complex 
series of genetic events? That this latter 
possibility may be correct 1s suggested by 
work on bursal lymphomas of chickens If 
chickens are infected with lymphoid 
leukosis viruses, avian retroviruses which 
do not carry an onc gene, bursal 
lymphomas arise with long latency periods 

Analysis of the DNA of such tumours 
shows'®-!8 that the retrovirus integrates so 
that its LTR, the segment of the viral 
genome containing both a promoter and an 
enhancer, is adjacent to c-myc and 
transcription of this proto-oncogene ts thus 
activated However, if bursal lymphoma 
DNA is used to transform NIH3T3 cells the 


A oncogene transferred 1s not c-myc’? but the 


gene now cloned by Cooper and discussed 
above By analogy with this situation the 
primary target during the induction of 
bladder carcinoma may not be the gene 
which has been cloned If so, quite 
different experimental approaches wll be 
needed to identify ıt, and the oncogenes of 
the many tumours not active in the NIH cell 
assay 

There can, however, be no doubt that the 
work discussed here 1s a very significant 
landmark in the development of our 
understanding of carcinogenesis The 
application of modern genetic and 
immunological techniques has led to 
insights undreamed of even a few years 
ago The argument that fundamental 
research in molecular biology 1s irrelevant 
to the cancer problem 1s surely truly dead 
and buried Ù] 


In, out and about meteorites 


Jrom NJ McNaughton and P K Swart 


AT a recent conference* in Houston much 
attention was given to the search for 
evidence of what must have been (af, indeed, 
,.. 1t did occur) the most dramatic interaction 
between the Earth and an extraterrestrial 
object — the impact of the 10 km diameter 
meteorite that Alvarez has proposed was 
responsible for the mass extinction of the 
dinosaurs and many diverse faunal and 
floral groups at the end of the Cretaceous 
period Alvarez based his hypothesis on the 
observation of anomalous iridium levels at 
the Cretaceous-Tertiary (K-T) boundary 
(Science 208, 1095, 1982) and, judging 
from the conference, a growing number of 
scientists are now committed to his view 

Theoretical and experimental studies 
clearly demonstrate both the catastrophic 
consequences of a meteorite impact ın the 
F ocean and the global dispersal of eyecta A 
massive 5 km high tidal wave (Ahrens and 
O’Keefe, Caltech) would be produced and 
disrupt food chains by extensive stripping 
of sediments and silting A worldwide dust 
layer would be raised by the impact 
Atmospheric temperatures would 
fluctuate rapidly as a result of the 
production of volatilized steam and ejecta 
from the impact and then drop as ejected 
dust obscured the Sun To understand how 
the possible extinction mechanisms 
operated, scientists have studied the 
isotopic composition of the ejecta, 
particularly the layers of sanidine, glass 
gSpherules and microtektites which coincide 

with the extinct marine phytoplankton in 

the deep-ocean sediments 

Epstein (Caltech) showed that the 
sanidine spherules have a terrestrial ratio of 
170 to /8O, but their unusually heavy 6!8O 


*The 13th Lunar and Planetary Science conference was held in 
Houston, Texas on 15-19 March 1982 
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may be due to either exchange with 
atmospheric oxygen at the very high 
temperatures that would accompany 
impact, or diagenesis DePaulo’s group 
(University of California, Los Angeles) 
also noted the high 6'8O of the K-T 
boundary and further suggested from Sr 
and Nd isotopic studies that the layer 
resulted from an oceanic impact in which 
most of the material ıs of terrestrial origin, 
but only a small proportion is in fact 
derived from the local sea floor Shaw and 
Wasserburg (Caltech) argue from their Sr 
and Nd isotopic data that the sanidine 
spherules are of non-oceanic derivation 
Although this apparent conflict 
undoubtedly arises from the different types 
of samples studied, all the isotopic 
evidence supports the view of Ahrens and 
O’Keefe that the meteoritic component in 
the ejecta 1s minor 

The impact site has not been identified as 
neither a continental nor an oceanic crater 
of the appropriate size and age has been 
found An oceanic impact would seem 
more hkely, however, because a greater 
proportion of the Earth was ocean at that 
time Over half the late Cretaceous oceanic 
crust has now disappeared into subduction 
zones, and the lack of evidence of an 
oceanic crater 1s thus not necessarily a 
problem for the hypothesis 

While the ejecta of meteorite impacts on 
Earth are sought for further study, the 
debris from similar collisions on other 
planets may already be represented ın our 
meteorite collections The achondritic 
shergottites, nakhhtes and chassignites 
(SNC), represented by only nine of the 
several thousand meteorites held ın 
museum collections, are argued to have an 
origin in meteorite impact with asteroid or 
planet The SNC are distinguished by 


453 


relatively young ages, 1 3 billion years, 
unique but consistent oxygen isotope com- 
position (Clayton and Mayeda, University 
of Chicago), unusual ‘cumulated’ texture 
indicative of crystal settling under gravity, 
and complex chemical composition The 
most obvious initial source, the asteroids, 
are precluded as these have insufficient 
mass to sustain the igneous activity that 
could account for the young age Sufficient 
melting could occur, however, as a result of 
collision between the meteorite and either 
an asteroid or a planet such as Mars 

Opponents of the idea that SNC 
meteorites are martian ejecta argue that the 
proposed 100 m diameter SNC parent body 
could not reach the required escape 
velocity of S kms Animpact of sufficient 
size would vaporize, melt and crush to fine 
dust most of the ejecta (Singer and Melosh, 
University of New York) and, 1n any case, 
the resultant fragment should be highly 
shocked, but this 1s not observed Singer 
and Melosh propose instead that SNC 
meteorites repesent ‘pockets’ of melted 
rock caused by impacts on large asteroids 
The proponents of the martian impact 
theory counter that such melt sheets cannot 
produce the required textures and point to 
chemical similarities between martian soil 
and SNC meteorites Nyquist (Johnson 
Space Center) argues that the problem of 
reaching the escape velocity may be 
overcome if incoming projectiles were to 
strike the surface of Mars at a shallow 
angle, so that debris ricocheted away at 
high velocity Such impacts would leave 
characteristic ‘butterfly’ pattern craters 
which are, indeed, plentiful on Mars A 
more rigorous chemical and isotopic 
comparison with martian data obtained 
from the Viking programme or, in the 
future, with returned samples, will perhaps 
resolve the origin of the SNCs 

To understand chondrule formation and 
meteorite agglomeration, meteoriticists are 
increasingly turning to the stable isotopes 
of the light elements for new insight 
Clayton and Mayeda (University of 
Chicago) demonstrated that two separate 
processes are recorded in the oxygen 
isotope composition of density separates 
from Murchison The heavy-density 
separates, ostensibly from the chondrules, 
and olivine-pyroxene and spinel separates 
define a line of slope around 1 ona plot of 
6'70 versus 6'83O which ıs best explained by 
high-temperature mixing and exchange 
between 'O-rich solids with '©O-poor gas 
The low-density and calcite separates 
define a line of slope around 05 which 
diverges from the mixing line and 1s 
explained by low-temperature alteration of 
the pre-existing materials by water from the 
same gaseous reservoir that produced the 
mixing line That the carbonate, in 
particular, 1s formed significantly later 


NJ McNaughton and P K Swart are at the 
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than the chondrules and the high- 
temperature silicates ıs further supported 
by new Rb/Sr data for Orgueil, which 
suggest an age gap as large as 160 Myr 
(Macdougall and co-workers, University 
of Califorma, San Diego) The secondary 
nature of the carbonates has important 
implications, not the least of which is its 
enrichment in carbon-13 compared with 
other co-existing carbon-bearing phases 
Several workers have attempted to 
separate the carbonaceous components by 
HF/HC! demineralization of the 
meteorites Kerridge (University of 
California, Los Angeles) found that 
stepwise oxidation of the acid residue from 
the CM2 chondrite Murray yielded a minor 
phase which did not oxidize until over 
1,000°C and hada ôC and 6'°N of around 
+ 100°/o0 (PDB) and +90°/o0 (AIR) 
respectively, as well as a low 6D A 
carbonaceous phase of this nature has not 
been recognized either from other 
meteorites or from Murray by workers 1n 
the field However, attempts to confirm 
Kerridge’s data should renew interest in 
identifying and explaining the phase Acid- 
insoluble residues, which contain major D 
enrichments for some carbonaceous 


chondrites, also appear to be the D carrier 
in the primitive ordinary chondrites (Yang 
and Epstein, Caltech) The Cambridge- 
East Kilbride group also demonstrated that 
most type 3 ordinary chondrites have 
enrichments in D above the terrestrial 
range, but only the least metamorphosed 
show extreme enrichments Furthermore, 
the D carrier 1n one of the least altered type 
3 chondrites, Semarkona, seems to be a 
minor phase, which decomposes when 
heated to 550-650°C and has a minsmum 
6D of over +5,500°/oo (SMOW) 

A controversial issue 1s whether “Mg 
excesses in Al-rich minerals are a result of 
in situ decay of 2°A] or whether *°Mg 1s a 
relict species that was already present at the 
time of Solar System formation The idea 
of ‘fossil’ 2°Mg was again forcefully argued 
by Clayton (Rice University) as being the 
more plausible explanation because of 
mixing constraints ın the early solar 
nebula, and because of certain other 
isotopic anomalies such as '®O and ‘T: 
Advocates of the im situ decay model point 
to data obtained using the ion microprobe 
(Huneke, Caltech), which show uniform 
distribution of 2>Mg ın minerals from 
Allende o 


Hard facts on structure: hot air 


about mobility 


from David M Blow 


THE idea that the inherent flexibility of 
biomolecules relates to their function 
received another airing at the CIBA 
Foundation Meeting* on March 2-4, 1982 
Improvements of technique now make 
available a wide portfoho of techniques for 
the measurement of mobility in macro- 
molecules The most important is NMR, 
which allows separate relaxation times to 
be measured for every line ın the spectrum 
Almost any other spectroscopic technique, 
from fluorescence to EPR, can give highly 
specific information about the mobility of 
a chromophore or a spin label Time- 
resolved X-ray diffraction, which in 
principle can give a ‘flash’ picture of a 
structure any time after triggering an event, 
Is still in its infancy But X-ray 
crystallography can measure the time- 
averaged motion of individual atoms, so 
long as the motion 1s not too large, and can 
delineate domains of correlated motion 
Computational capacity has increased to 
the point where all the atomic interactions 
for a small protein can be simulated, 
allowing the dynamics of the molecule to be 
calculated over a period of a few 
picoseconds The achievable time span 1s 


"The proceedings of the meeting will be published by Pitman 


Books, London, in winter 1982 under the ttle Mobility and 
function in proteins and Nucleic acids (Ciba Foundation 
symposium 93) 
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far too short to cover a significant chemical 
event, but the results do appear realistic so 
far as they go Martin Karplus (Harvard 
University) has used simulations to 
measure correlation times of a few 
picoseconds between atomic motions, and 
has estimated the apparent viscosity of the 
protein fluid in which an individual atom 
moves People speak of analysing the 
normal modes of vibration of a protein 
molecule, though nobody has done so yet 

What has all this to do with the biological 
function of a molecule? Fred Richards 
(Yale University), stern but perceptive 
chairman of this rather unruly symposium, 
stressed this question in his introduction Is 
mobility essential or incidental to 
biological action? What experiments and 
theories can be devised to establish a 
relation between them? He got few 
answers 

The most thoughtful came from Greg 
Petsko (MIT) who stressed that in many 
cases, access to an active site, and release of 
product, would be greatly hindered, 1f not 
prevented, if the adjacent structure were 
rigid He cited triose phosphate isomerase 
and pancreatic ribonuclease as examples 
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where substrate binding 1s accompanied by 
the ordering of an adjacent mobile part of 
the structure — a kind of flexible hd which 
closes over the substrate The entropy 
change of such a process destabilizes the 
enzyme-substrate complex and thus 
facilitates release of products In cases « 
where a linked function is invoked, this 
ordering of a mobile chain may convey a 
signal to a part of the molecule which the 
disordered chain can touch In the 
pyruvate and 2-oxoglutarate multi-enzyme 
complex, Gordon Roberts (National 
Institute of Medical Research) and Richard 
Perham (University of Cambridge) showed 
that lipoyl-lysine residues act hke flexible 
arms to allow the transfer of substrate from 
the active site of one enzyme subunit to 
another 


Many examples of mobile moleculesand { 


many different techniques were discussed 
Nucleosomes show a high degree of mobi- 
lity on the nanosecond to microsecond time 
scale, making them a good subject for 
NMR study Michael Hogan (Princeton 
University) has used 3!P magnetic 
resonance to study the motions of DNA ın 
both the isolated state and in nucleosomes, 
supplementing these studies with 
fluorescence anisotropy decay mea- 
surements using DNA-binding dyes 
The observed motion suggests twist or 


flexure of the DNA helix Mort Bradbury _, 


(University of California, Davis) reported 
NMR mobility studies on the histone and 
non-histone proteins of nucleosomes The 
unusually high mobility of these proteins 
seems to result from their highly charged 
character, which causes them to be fully or 
partly unfolded under almost all 
conditions 

Bob Williams (University of Oxford) 
suggested that the action of calcium- 
binding trigger proteins depended on 
motion of hydrophobic groups detectable 
by NMR In muscle, motion of the ‘head’ 
part of the myosin molecule, which formsa 
cross-bridge linking the actin and myosin 


filaments, achieves relative motion * 


between them Measurements reported by 
Stefan Highsmith and Oleg Jardetzky 
(University of California, San Francisco) 
showed that mobility in parts of the myosin 
molecule was quenched on binding to F- or 
G-actin David Thomas (University of 
Minneapolis) had studied the same system 
by EPR and spin label, and found a two-state 
‘relaxed’ and ‘attached’ system with 
different degrees of order, modulated by 
calcrum The function of muscle clearly 
depends on molecular motion, but are 
these motions related to mobility on the 
NMR and EPR time scales? Bill 
Harrington (University of Baltimore) went 
so far as to suggest that the rotation of the 
myosin head was achieved by a transition 
between a folded and an unfolded state in 
the stem of heavy meromyosin which 
carries it 

Any dissatisfaction felt about these 
inconclusive speculations was dispelled by 
two exciting PMR papers which gave clear 
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and definite results, using the nuclear 
Overhauser effect (NOE) to detect dipolar 
interactions between protons which are 
close together If the relative populations 
of the nuclear spin energy levels of one 
proton are perturbed —- for example, by 
saturating its resonance frequency — the 
dipolar interactions transmit the 
perturbation to adjacent protons, resulting 
in an altered resonance intensity Pulses 
may be specifically shaped to avoid exciting 
the H,O resonance Redfield has pioneered 
the use of this technique ın the analysis of 
tRNA spectra, and has been able to assign 
resonance lines in the D stem of tRNA4*, 
and also in reverse-Hoogsteen base pairs 
(Nucleic Acids Res 9, 7073, 1981) 

Brian Reid (University of Seattle) has 
applied this technique to the aromatic NH 
band, which contains just one resonance 
for each base pair When such a resonance 
is perturbed, either one or two other NH 
resonances show up by NOE These are 
resonances in adjacent stacked base pairs 
An example 1s shown 1n the figure In this 
way Reid has been able to survey all the 
stacked base pairs, and to assign all the 
corresponding 28 ring NH resonances, in 
tRNATY 

Kurt Wuthrich (University of Zurich) 1s 
tackling with Richard Ernst the more 
ambitious problem of the basic pancreatic 
trypsin inhibitor Instead of saturating 
specific resonance lines, he obtains a 
complete spectrum by irradiating with a 
specific pulse at every frequency in the 
proton resonance band This gives a 
complete two-dimensional spectrum By 
using different regimes of excitation and 
observation separate two-dimensional 
spectra are obtained by correlated 
spectroscopy, spin-echo correlated 
spectroscopy and NOE spectroscopy (The 


a, The aromatic NH region of the NMR 
spectrum of tRNAY# {E col) The mino NH 
proton resonances he between -9and-15p p m In this 
region only the resonances whose exchange 1s slowed 


pi~ down by hydrogen bonding appear Each represents 


an NH in one hydrogen bond of a base par b, 
Saturation of the resonance at -14 4 p pm leads, by 
the NOE, to a sgnal at -76 ppm from a non- 
hydrogen-bonded resonance in the same base pair, and 
also to two signals at -11 7 and -125 ppm from 
adjacent hydrogen-bonded imino groups These two 
signals come from base pairs stacked on either side of 
the base pair whose resonance is saturated (Courtesy 
of BR Reid, University of Washington ) 


5 -4 -3 -2 -I -0O -9 -8 


-7 ppm 


engaging acronyms COSY and SECSY 
were coined for the first two, the last 
having a more nasal connotation ) COSY 
has enabled NH and C?H resonances ın the 
same amino acid to be correlated, while 
NOESY allows the identification of 
f-structure interactions by the proximity of 
C-H and NH protons ın adjacent residues 
(J molec Biol 155, 311, 1982) By further 
development of these methods, almost 


every resonance in glucagon and in the 
pancreatic trypsin inhibitor has been 
assigned Individual changes of internal 
mobility can be observed as pressure and 
temperature are changed 

The claim that a three-dimensional 
protein structure may, 1n the near future, 
be totally determined from NMR data ıs 
beginning to look more realistic, 1f only for 
avery small, rigid protein molecule 0 


Do stepping stones guide axon growth? 


from Hilary J Anderson 


IN a recent issue of Nature (June 3, p 404), 
Ho and Goodman present data supporting 
the idea that peripheral pioneer neurones in 
the grasshopper are guided to their 
destinations by a series of cellular ‘stepping 
stones’ The ‘pioneer’ neurones are of vital 
significance because they establish the 
basic pathways and tracts within the 
nervous system that act as guides for 
neurones that develop later The term was 
first used by Ross Harrison, in his now 
classic studies of frog embryos, to describe 
the neurones that grow out and estabhsh 
connections very early in development when 
the distance to their target regions is very 
small Even though the animal subsequently 
grows and changes form and the pioneer 
tracts twist and lengthen they continue to 
provide the guides that allow other neurones 
to reach their appropriate destinations 

Several mechanisms of pioneer axon 
guidance — mechanical channeling, 
basement membrane markers and cellular 
landmarks — have been suggested and to 
distinguish between them it is necessary to 
study the behaviour of growing neurones 1n 
some detail The tip of a growing axon 1s 
expanded into a growth cone from whose 
leading edge extend numerous filopodia 
which areO 1-0 2 um in diameter and many 
micrometres ın length and filled with actin 
filaments The growth cone makes 
‘searching’ movements over its substrate, 
extending and retracting its filopodia, and 
probably plays a fundamental part ın the 
interactions with the environment that 
direct and contro] neurone growth 
Harrison proposed that the pioneers were 
guided by the configurations of tissues 1n 
their environment, grooves and spaces in 
the embryonic tissue providing ‘‘paths of 
predilection’? along which the growth 
cones progress This idea has been 
supported by several recent studies using 
electron microscopy which show that 
developing or regenerating axons often 
grow through preformed channels or 
spaces (see Nature, News & Views 283, 428, 
1980) In other instances, however, 
pioneers grow over regions seemingly 
devoid of obvious physical regularities, 
suggesting that there are other factors that 
direct pioneering axon growth 


Pioneering axon growth in the central 
and peripheral nervous systems of insect 
embryos has proved particularly amenable 
to experimental study The central pioneers 
that will be discussed below are those that 
establish the primary longitudinal tracts of 
each ganglion ın the central nervous system 
(CNS) (see ref 2 and News & Views 293, 
510, 1981) Ho and Goodman studied the 
peripheral pioneers which establish the 
peripheral nerves linking the CNS and the 
appendages (see also refs 3—6) These 
neurones have been observed as they grow 
in the living embryo, and examined by 
electron microscopy, by staimming with 
intracellularly injected fluorescent dyes 
and by staining with particular antibodies 
In this way several different aspects of their 
behaviour have been successfully 
described 

In their recent paper Ho and Goodman 
establish the important point that the 
pioneers are not a special class of cell but 
may be motor neurones, interneurones, or 
sensory neurones Furthermore, the 
pioneers themselves may grow along other 
pioneers for short distances during growth 
It thus seems likely that the mechanisms 
underlying pioneering axon growth are 
common to all growing neurones 

Electron microscopy has shown that a 
basement membrane lies over the neuro- 
ectodermal layer from which the CNS 
develops? The central pioneer growth cones 
always track along this basement 
membrane and do so at a consistent 
location and in a consistent direction to 
form a characteristic tract? Similarly, in 
the periphery, where the embryonic 
appendages are hollow epithehal buds, the 
pioneer growth cones grow only over the 
inner surface of this epithelium? and doso 
only at certain locations to form charac- 
teristic pathways*> It has been suggested 
that cues within the basement membrane 
might provide directional information for 
growth cone navigation? Such cues would 
be imposed on the basement membrane by 
the underlying sheet of cells and could take 
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the form of a simple indicator of longi- 
tudinal polarity, or a continuous gradient 
of mformation or a series of discrete 
markers 

Other observations have suggested the 
cellular landmark hypothesis favoured by 
Ho and Goodman Before the peripheral 
pioneers axons appear, glia-like cells are 
found in the lumen of the appendage and in 
contact with the nner surface ofthe 
epithelium These cells are found at regular 
intervals along the presumptive path of the 
pioneers? and could provide a series of 
stepping stones between the tip of the 
appendage and its base? Later the gha 
ensheath the pioneers to form a proper 
nerve bundle Ho and Goodman observed 
several other conspicuously located cells 
which could act as landmarks for the 
pioneers Furthermore, the monoclonal 
antibody which they used for many of their 
observations stains growth cone filopodia 
very clearly and shows that they extend for 
some 50 um Thus, at no tıme need an axon 
be navigating without being in ‘filopodial 
grasp’ of a landmark cell 

The three proposed substrates for 
guiding pioneer axon growth now need to 
be tested by experimental manipulation, 
such as selective ablation of putative 
landmark cells Ultimately these studies 
must lead on the one hand to an 
investigations of the molecular 
mechanisms underlying the preferential 
growth of pioneers over their chosen 
substrates and on the other hand to a study 
of the principles of spatial organization 
which generate these substrates at their 
appropriate locations — the fundamental 
unanswered question of developmental 
biology Q 
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100 years ago 


THE mines opened a short time since in China 
in the province of Chihli, with the special 
support and patronage of Li Hung Chang, 
have recently become the subject of much 
adventitious interest in Europe It was 
believed that, with sufficient transport, one 
thousand tons a day could be raised for many 
years from the present pits, while it was said 
that fifty collieries of an equal size to the 
present one could be opened in or near 
Katping The information, therefore, 
telegraphed by Reuter’s agent in Shanghai that 
the further working of the mines had been 
peremptorily stopped by the Government, 
came with a shock to many interested in 
progressin China It was stated thata censor in 
a memorial to the throne complained that the 
long galleries in the mines, and the smoke of 
the foreign machinery, disturbed the earth 
dragon, who in his turn disturbed the spirit of 
the Empress, who died some months ago, and 


Discovery of pre-galactic lithium 


from Bernard Pagel 


THE reality of the hot big bang is attested 
by galaxy redshifts, the 2 9K microwave 
background and evidence for evolution in 
the statistical properties of distant quasars 
Indeed, if grand unified theories fulfill all 
their promises, then such basic facts as the 
existence of matter (rather than antimatter) 
and electric charge can also be taken as 
consequences of the big bang These 
fundamental effects were imprinted on the 
Universe less than 10 *° seconds after ıt was 
born, while the last scattering of the 
microwave background took place about a 
millon years later when protons combined 
with electrons and space became 
transparent Galaxies and stars were 
presumably formed later still 

In an intermediate phase, when the 
Universe was about one second old and its 
temperature around 10!°K, neutrinos 
decoupled leaving an excess of protons 
over neutrons During the next two 
minutes or so these combined ın nuclear 
reactions to make deutenum, helum-3, 
heluum-4 and lthium-7, production of 
heavier elements being aborted by the 
absence of stable nuclei at mass numbers 5 
and 8 The resulting pre-galactic compo- 
sition of cosmic matter, consisting chiefly 
of hydrogen and helium-4 ın proportions 
of about 3 1 by mass, has since been 
modified by cycling of some of the maternal 
through stars This has affected material in 
our neighbourhood by adding a mass 
fraction of 1 or 2 per cent of carbon and 
heavier elements and a similar amount of 
additional hehum-4 Deuterium, on the 
other hand, 1s totally destroyed ın matter 
cycled through stars, and helum-3 and 
lithium-7 can be both created and 
destroyed, so that the net effect of stellar 
evolution on these two species ıs rather 
uncertain 

A remarkable claim by Monique and 
Francois Spite, of the Meudon Observaory 


who was buried about a hundred miles off 

The irate spirit of the departed lady promptly 
took vengeance by afflicting the denizens of 
the palace in Peking with measles The latter 
were, the censor 1s reported to have said, 
distintly traceable to the Kaiping mines, which 
interfered with the féng-shu: The conclusion 
was obvious the mines must be stopped Such 
was the story told by the Tientsin 
correspondent of a Shanghai newspaper The 
latest information from the East enables us to 
say that the mines are still working as usual, 
and there ts not the slightest evidence that there 
is or has been any intention of interfering with 
them Itis even denied that such a memorial as 
that mentioned above has had any existence 
except in the rmagination of a gobemouche at 
Tientsin However this may be, it must be 
confessed that the petition has a Chinese ring 
about it, and that the method of argument 1s 
one sufficiently familiar to readers of the 
Peking Gazette 

From Nature 26, 136, 8 June 1882 





near Paris, that something at least very 
close to the pregalactic lithhum abundance 
can be measured directly (see this issue of 
Nature, p 483), may now provide 
additional constraints on this view of the 
early Universe 

The pregalactic composition of cosmic 
matter depends on a number of parameters 
of cosmology and particle physics, notably 
the ratio of baryons to photons (or, 
equivalently, the present mean density of 
ordinary baryonic matter) and the number 
of lepton flavours, together with the net 
charge number and various lepton 
numbers that are believed to be zero or 
neghgibly small As a result, the deter- 
mination of pregalactic abundance 
provides interesting constraints on these 
parameters and tests the consistency of the 
entire picture For example, the presence of 
observable deuterium in the interstellar 
medium imphes that the Universe cannot 
contain a sufficient density of ordinary 
matter to ‘close’ ıt, that 1s, eventually to 
halt the expansion by gravity, although it 
could be closed by non-baryonic matter 
such as massive neutrinos, if these exist A 


still more severe upper limit to the density is _, 


provided by the observation that the mass- 
fraction of helium in emission-line galaxies 
of low oxygen abundance (in which the gas 
has accordingly undergone little recycling 
through stars) is below 25 per cent, which 
imphes that the baryon/photon ratio 
(resulting from the primordial excess of 
matter over anti-matter) is below 4 x 10 !° 
or Q , <0 03 (assuming three neutrino 
flavours and a Hubble constant of 75kms"! 
Mpc!) where Q, is the fraction of the 
closure density supplied by ordinary 
baryonic matter If, however, the density 
were less than about % of this upper limit, 
corresponding to a hellum abundance of , 


under 23 per cent, then the expected pre- ~ 


galactic abundances of deuterium and 
helium-3 would become embarrassingly 
large Thus a really accurate determination 
of the pregalactic helium abundance would 
provide a very severe test of the consistency 
of canonical big bang models, 1f only it 
could be carried out Unfortunately, the 
prospects of finding the pregalactic helium 
abundance to better than 5 per cent are not 
very good 

What about htmum in all this? The 
‘cosmic’ mass fraction of hthium-7, 
deduced from meteorites, is 5x 10° anda 
simular amount ıs found in the atmospheres 
of the youngest stars In older stars, 
however, and notably in the Sun itself, ? 
lithtum is depleted because the surface 
layers are mixed ın the course of time with 
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deeper layers at a temperature of 2 x 10°K 
where lithium nucle: are destroyed The 
degree of depletion in ordinary stars 
increases with age and with diminishing 
surface temperature because cooler stars 
have deeper outer convection zones A few 
highly evolved stars make fresh lithium, 
however, and yet more may be generated 
by cosmic-ray spallation in the interstellar 
medium, so extrapolation from present- 
day to pregalactic lithium abundance 1s a 
hazardous business 
What Monique and Francois Spite have 
done 1s to estimate the hthium abundance 
of a sample of extreme subdwarfs These 
are old stars with extreme metal deficiency, 
typically a factor of 100 down on the Sun 
for carbon and heavier elements, so that 
the material from which they were formed 
could have undergone little previous 
cycling through stars Out of the five stars 
of differing surface temperature that they 
studied, the four hottest turned out to have 
one-tenth of the present-day lithium abun- 
dance — a strikingly large amount ın view 
of the overall metal deficiency — and only 
mi the coolest star was it undetectable, 
presumably because of depletion through 
convective mixing with deeper layers The 
authors argue that the constancy of lithium 
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abundance in the four hotter starsindicates 55 gene +TFIIIA+ Factor(s) 


that none of these has been significantly 
affected by lithium depletion If they are 
right, then they have a value for the pre- 
galactic lithium abundance, if not, then 
they still have an interesting lower limit 
What does this new result tell us about 
the big bang? Unfortunately the predicted 
lithium abundance ıs a variable and gen- 
erally fairly insensitive function of baryon 
density and, furthermore, ıt ıs rather un- 
certain For example, Olive and co- 
workers (Astrophys J 246, 557, 1981) 
suggest an upward revision by a factor of 3 
over the earlier calculations referred to by 
Spite and Spite, in this case the minimum 
possible value is minutely (25 per cent) 
greater than that observed, although it 1s 
striking that this value occurs at parameter 
values close to those deduced from helium 
and other light elements A fairly conserva- 
tive view of the errors (especially with 
regard to possible depletion) suggests that 
lithtum in subdwarfs provides an upper 
limit to the cosmological baryon density 
that 1s consistent with, but less stringent 
than that provided by hehum What 1s 
exciting about the Spites’ discovery ıs that 
lithium ıs there at all, and that its amount Is 
not far from big bang predictions Oo 


Stable gene expression in vitro 


Jrom HR Woodland 


ONE characteristic of cell differentiation 1s 
its high degree of stability, and there 1s a 
suspicion among molecular biologists that 
this derives from a basic stability in the 
expression of genes involved in differen- 
tiation Our understanding of the issue 1s 
unlikely to 1mprove beyond this point, 
however, until systems are developed 
which enable active genes to be recon- 
“structed un vitro Bogenhagen, 
Warmington and Brown of the Carnegie 
Institution of Washington, together with 
RG Roeder’s group at the University of 
Washington, may how have developed just 
such a system In a recent issue of Cell’, 
they describe the construction of 5S gene 
protein complexes with the properties of 
stable gene expression or repression that 
have been suggested to occur ın intact cells 

As much 1s known about 5S gene trans- 
cription as for any other eukaryotic gene 
(see Korn’s recent review in Nature?) 5S 
genes encode 5S RNA, a component of all 
ribosomes except those of animal 
_ mitochondria Like tRNA and a few other 
t small RNAs, 5S RNA 1s produced by RNA 
polymerase III, a different enzyme from 
that which makes mRNA The unusual 
characteristics of this polymerase mean 
that the 5S genes differ in structure from 
genes encoding mRNA Surprisingly, the 
only part of the 5S gene actually essential 
for its transcription 1s residues 50-83 of the 
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120 nucleotides that are transcribed This 
region binds a 40,000 molecular weight 
protein, called TFIJIA by Roeder’s 
group’, which produces accurate 
transcription of the gene TFIIIA also 
binds to 5S RNA, forming a 7S ribonucleo- 
protein (RNP) particle This may provide a 
means of transcriptional regulation 
whereby the free protein stimulates 5S 
RNA synthesis, but 1s removed by the 
product of this synthesis (see the figure) A 
last important feature of 5S RNA, at least 
in Xenopus laevis, is that oocytes and 
somatic cells contain 5S RNAs of different 
sequence The main oocyte 5S RNA 1s 
encoded by 20,000 genes called 5S oac, and 
that in somatic cells by a separate set of 400 
genes called 5S som 

Why do somatic cells contain different 
5S RNAs? Selective transcription of the 5S 
som genes seems the cause In oocytes, 
some 5S som RNA 1s made, perhaps in 
proportion to the small number of 5S 
som genes, but the RNA seems not to 
enter ribosomes and is degraded‘. Free 5S 
RNA is known to have a short lifetime in 
both oocytes and somatic cells®8 
Unfortunately, the role of degradation in 
regulating 5S gene expression has never 
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Stable active complex 


Transcription) by 
RNA| polymerase II] 


55 RNA 


Free TFHIA + TEINA 


7S RNP complex 
5S RNA in ribosome 


Possible scheme of 5S RNA synthesis In a very 
young amphibian oocyte, 5S RNA is made in 
great excess of other ribosomal components and 
enters a 42S RNP particle, instead of a nbosome 
As the 425 RNP particle does not contam 
TFIIA 10, the latter 1s released and can stimulate 
further 5S synthesis, just as ın the normal cycle 
shown here 


been accurately quantified in any system 
The latest experiments from Brown’s 
laboratory! use cell-free systems made 
from either oocytes or somatic cells If 5S 
DNAs of different types are added simul- 
taneously to a cell-free system they 
compete for transcription? It has now 
been shown, however, that 1f two DNAs 
are added at different times, the first 1s 
transcribed in preference to the second! 
Indeed, if enough of the first DNA is added 
subsequent DNAs are not transcribed at 
all, no matter how much ıs added The first 
DNA seems to form a very stable, trans- 
cribable complex within a minute or two 
This 1s not an actual transcription complex, 
since maximal transcription ıs established 
much more slowly, thus agents other than 
the polymerase, but necessary for poly- 
merase binding, must be involved in 
formation of the complex It might be 
guessed that TFIIIA 1s one such agent, but 
although 5S DNA may be bound to 
TFHIA, this alone does not confer 
favoured transcription status upon ıt 
Bogenhagen ef al! were also able to 
make stable inactive 5S gene complexes 
Using a transcription system depleted of 
TFIIIA by antibody treatment, they 
showed that 5S DNA does not form the 
active complex unless further TFIIIA 1s 
added However, if histones were added 
instead of TFIIA, a different complex was 
formed which could not then be reactivated 
with TFHIA The possibility that this 
complex is an artefact 1s unlikely, since the 
transcription of tRNA genes 1s unaffected 
by added histones (tRNA genes do not 
require TFIIIA for transcription) 
Bogenhagen ef al ! speculate that the 
stable complexes they have constructed ın 
vitro have similar counterparts ın cell-free 
systems This remains to be proved At 
least natural 5S DNA protein complexes 
show similar stability to those made in cell- 
free systems — chromatin added from 
somatic cells or oocytes to the same systems 
used to transcribe the pure 5S DNAs 
continues to express only those genes which 
were active in the intact cells from which ıt 
was derived This emphasizes that the cell- 
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free systems do not reprogramme 
chromatin, nor indeed do oocyte or 
somatic cell-derived systems discriminate 
significantly between 5S oec and 5S som 
genes Why then are these genes expressed 
differently ın oocytes and somatic cells? 
Bogenhagen etal ! suggest that the activity 
of the 5S genes 1s determined by events 
during chromatin construction at DNA 
replication which establish an active or 
inactive structure that persists throughout 
the ensuing cell cycle The two states could 
be propagated through the next DNA repli- 
cation unless hypothetical factors are 
present which change the state of the gene 
This hypothesis 1s consistent with many 
observations suggesting that DNA 


synthesis 1s necessary for changes in the 
differentiated phenotype of cells It does 
not fit, however, with Korn and Gurdon’s$ 
observation that the oocytes of certain 
Xenopus females can activate the oocyte 
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genes of somatic nuclei in the absence of 
DNA replication 

Bogenhagen et al! also suggest that 
what goes for 5S genes might also apply to 
genes involved in cell differentiation The 
dissimilarity of the transcription of the two 
sorts of genes by RNA polymerase IHI and 
RNA polymerase II respectively does not 
encourage heavy bets on this possibility 
Yet advances ın this area certainly depend 
heavily on developing cell-free systems 
which accurately reproduce the gene 
regulation of intact cells There 1s no doubt 
that the new 58 systems show exciting 
possibilities ın this direction, even if they 
do not yet solve the problems of cell 
differentiation a 


Leg 84 of the Deep Sea Drilling Project 


Subduction without accretion: Middle America Trench off Guatemala 


from Jean Aubouin*, Roland Von Huenet, Miriam Baltuckz, Robert Arnott§, Jacques 
Bourgois*, Mark Filewicz , Ketth Kvenvolden+, Barry Leinert**, Tom McDonald+z, 
Kristin McDougall, Yujiro Ogawa§§, Elliot Taylors and Barbara Winsborough 


PRESENTED below are the first results from 
the recent visit of the drilling vessel Glomar 
Challenger to the southern Guatemalan 
segment of the Middle America Trench 
(Leg 84 of the Deep Sea Drilling 
Project/International Phase of Ocean 
Drilling, January~February 1982) The 
area, shown 1n Fig 1, had been selected for 
investigation because of several interesting 
problems that had been posed by earlier 
visits to the region In 1979, Legs 66 and 67 
had produced contrasting results from the 
two halves of the Middle America Trench 
divided by the Tehuantepec Ridge — on 
Leg 66 ocean sediment was found to be 
accreting against the landward slope of the 
trench, while on Leg 67, off Guatemala, no 
accretion was found Leg 67 results come 
mainly from one site (494) on the landward 
slope of the trench where basement was 
reached >, drilling at three other sites were 
abandoned when gas hydrates were 
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unexpectedly recovered 

Seabeam‘* and deep tow instruments 
were also used to survey the area examined 
by Leg 67 The original fabric of the Cocos 
Plate at the East Pacific Rise ıs delineated 
by magnetic anomalies which trend 20° 
from the direction of the trenchaxis As the 
Cocos Plate is flexed into the trench, it 
breaks into oblique extensional ridges and 
troughs paralleling the original fabric of 
the Cocos Plate, and the surface expression 
1s one of collapse into the subduction zone 

On the landward slope of the trench the 
structural picture is less clear Palaeogene 
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and Cretaceous rocks were recovered at its 
base, suggesting non-accretion off 
Guatemala and showing that a tectonic 
history exists below the Neogene slope 
sediments More definite conclusions 
could not be drawn because only one 
penetration had been made below the 
Neogene slope deposits The recovery of 
visible gas hydrate made further drilling 
unsafe because the base of the gas- 
hydrated sediment had, at the time, not 
been defined ın seismic records and ıt was 
feared that free gas might be trapped at the 
base of an impermeable hydrated section 
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Fig 1 Sketch map of Middle America Trench 
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e the tectonic and gas hydrate 
Local base of gas hydrate 
s were found in a re-examination 
ng site survey data and after 
nent and combination with 
emperature gradient information, 
pth of the base of gas hydrate was 
lished. Basements high above the base 
of gas hydrate were selected for drilling. 

_ At the penetration sites (Fig.2) basement 
was found to consist of ophiolitic rock 
covered by sediments of early Eocene (sites 
569, $70), late Oligocene—early Miocene 
> overlying late Cretaceous (567) and late 
< Miocene (566) age. No age progression 
oS (younger rocks at the base to older at the 
op of the slope), as admitted over the 
prore a arete complex off Mexico 
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Q) As strong Palaeocene uplift, documen- 

- ted in the Petrel well’, may immediately 

_ pre-date the early Eocene sediment 
recovered at two sites. 

(3) A strong Oligo—Miocene faulting left a 
Sharp angular unconformity observed in 
-Seismic records across the edge of the shelf: 
_ the first thick hemipelagic slope mudstone 
_ deposits of the present tectonic system 
developed during and after this event. 
here is nothing to indicate development 

present arc-trench system until the 
) igocene when the first substantial 
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Fig. 2 Block diagram showing the convergent zone between Cocos Plate and Carribbean Plate in 
Leg 84 area. The morphology is reconstituted from Jean Charcot seabeam data and GUA 2, 
GUA 13 and GUA 14 seismic profiles of Texas University. 


(Site 567) we came close to penetrating 
through the upper plate into the 
subduction zone. Here, Miocene to present 
oceanic and trench sediments are being 
subducted beneath the pre-Campanian 
ophiolitic rock at the front of the margin. 
Drilling ended when the hole collapsed, 
and the drill string became stuck. Collapse 
was accompanied by overpressured pore 
fluids — overpressure had also been 
observed at sites in top, mid and lower 
slope. Seismic records across the mid and 
upper slope sites show few compressional 
faults or folds in the slope sediment where 
the overpressures were observed. In fact, 

the most obvious structures on the transect 
are normal faults at the base of the slope. 
Elevated pore pressures are to be expected 
across the subduction zone, and such pore 
pressures help to explain the degree of 
decoupling required to subduct soft 
sediment beneath a mass of hard ophiolitic 
rock. High pore pressure appears to be very 
common in the Guatemalan convergent 
margin and occurs even in slope deposits 
that show few structures. 

Many local unconformities and hiatuses 
were detected in sites drilled in slope 
deposits on the Guatemalan margin and 
indicate that as one depocentre is rapidly 
accumulating sediment, another may have 
lost its feeder channel and temporarily be in 
an interchannel or erosional area. Hollows 
and topographical flats from initial 
faulting of the surface of the ophiolitic 
mass are sites of ponded basins or early 
Miocene prograding sediment bodies. The 
sediment in these sequences locally 
contains more sand than is found in the 
sediment ponded in the trench axis. Sand 
was recovered in the channel areas, 
demonstrating again that the channels 
transport sand directly to the trench. The 
presence of a large amount of sand and 
rapid sediment accumulation is not a 
lithological criterion by which to 
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deposits off Guatemala. l 
Slope deposits off Guatemala are now. 
classic sites for gas hydrate? which was — 
detected at all sites, except 567, and was 
recovered many times at 568, 570. The best 
recovery was at site 370 where a massive 3m_ 
thick gas hydrate was cored, and samples 
were preserved in special pressure vessels _ 
for onshore studies, The gas hydrate was. 
recognized: (1) visually, (2) by volumes of | 
gas released during hydrate decomposition 
that greatly exceeded the volume of gas in 
gas-saturated water, (3) by composition — 
the hydrocarbon gases combined no. 
molecules larger than isobutane, (4) by the 
decrease in chlorinity and salinity 
characteristic of the freshwater | 
composition of gas hydrates, and (5) by ~ 
sonic and density logs showing high . 
velocities and corresponding low densities. fi 
These are the first demonstrated log. 
responses of cored gas hydrates in ce 
sediment and provide the first 
measurements of their in sit sonic velocity. : 
and density. a 
Gas hydrates were found dispersed in | 
very fine-grained sediments; associated = 
with porous, coarse-grained sediments: 
occupying fractures; and as a massive unit, 
Geophysical records off Guatemala do not 
show strata corresponding to the massive 
gas hydrate or any other gas-hydrated 
horizon; only the base of gas hydrate reflec- 
ion is laterally continous, and this reflection 
was observed at many places on the slope, 
namely at one of the sites occupied (568). 
Inorganic geochemical studies on Leg 84 
confirm the proposed relationship between 
low values of salinity and chlorinity and the 
occurrence of gas hydrates. In all cases 
where gas hydrates were observed on Leg 
84, values of salinity and chlorinity were 
lower than in sediments where gas hydrates | 
were absent. m 
Most gas hydrates found were composed 
of gases from microbial and early 
diagenetic processes. However, at two sites 
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(566 and 570) the gases found associated 
with serpentinite were probably a product 
of the thermal breakdown of organic 
- Matter because they contained very high 
<- concentrations of hydrocarbon gases, 
. particularly of ethane relative to methane, 
and hydrocarbons at least as large as 
hexane : and heptane. 


a) The DSDP/IPOD Guatemalan 
transect across the Middle America trench 
has defined a non-accretionary convergent 
“margin; Neogene subduction has not re- 
sulted in the development of an accreted 
complex; rather, a mass of tectonized 
ophiolitic rock now faces the subducting 
Cocos Plate (Fig.3). The ophiolitic rock 
was emplaced before Eocene time in a 
previous tectonic system: at the trench the 
Cocos Plate is of Miocene age. 
= (2) Ahorst and graben topography gives 
the Cocos Plate the appearance of col- 
lapsing into the trench, and the adjacent 
base of the Guatemalan margin is also 
| Hy faulted. However, given the 10 
m yr plate convergence rate, this 
extensional topography. must be surficial 
and secondary. The topography of 
extension in a fundamentally com- 
pressional environment can be explained 
on the seaward slope of- the trench by 





gunge f HOLE 


SH Gy 7o 
PONNE eee eee TIERES EENS VEEE ee ee SESER a a ee eee Sete a See we ee ENS NETES TIENT] 


ACCUMULATION RATES 


. flexure of the Cocos Plate; on the land ward | 





| PLEESTOCEA 


PROAABLE 
UPPER MIOCENE g 
MUDSTENE 





LOWER MIOCENE 


| rarcoceme fessi came | 






so Myr 





UPPER 
BLIGOCENE 








mutna 


S H 
SS EOCENE 


ig i 


ARA RASEMENI 


slope of the trench it may be explained bya 
high degree of decoupling across the 
subduction zone. Decoupling is required to 


subduct sediment on the lower Cocos Plate. 


beneath the ophiolitic upper plate rather 
than accreting it, A classical mechanism for 
such decoupling is overpressured pore fluid 
such as that measured only a short distance 
above the Middle America subduction 
zone. Elevated pore pressure was measured 
not only in the vicinity of the subduction 
zone but also in slope sediment across the 
transect, indicating a general overpressure 
condition throughout much of the margin. 

(3) Beneath the cover of slope sediment, 
the basement of the Guatemalan margin is 
an extension of the Central American 
continent. 

(4) The major results of Leg 84 were 
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-. Fig. 3 Simplified stratigraphical columns summarizing the lithostratigraphy, biostratigraphy and recovery of Leg 84 drill sites. 







achieved by drilling below the present slope 
sediment and into basement. Accretionary 
complexes may be defined by their 
geometry in seismic reflection records, but -< 
results from most of the convergent > 
margins drilled during the IPOD 





‘programme indicate that the accretion 


observed in seismic records may belong to. 
previous tectonic systems; accretiona 
periods may alternate with non- 
accretionary periods. Thus, a seismic... 
record alone may be insufficient to | 
establish the tectonic history or the present 
tectonic system in a convergent margin, ~ 
Unless the accretionary complex is 
sampled, its time of emplacement and 
relation to the present tectonic system is 
uncertain. 

(5) Gas hydrates are probably dispersed 
throughout many marine sediment 
sequences that lie in the zone of gas hydrate 
stability; they can be detected by seismic 














is in part a function of. effective porosity © ! 
and perhaps permeability. Off Guatemala _ 
gas hydrate is found finely dispersed if - 
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_ EVERY year, starting in early spring in the southern states of 
_ the USA and ending in mid-summer in the southern provinces 
of Canada, severe local storms sweep across the Great Plains 
of North America bringing tornadoes, hail, damaging gusts, 
nd lightning, as well as beneficial rains and cooling outflows. 
_ These storms, each a few tens of kilometres in diameter, ingest 
warm moist air trapped in the first kilometre or two of the 
_ atmosphere, convert moisture to rain and sometimes hail, and 
vent air heated by condensation into the cold upper (9-13 km) 
troposphere. 
searchers have been observing stormy weather over the 
decades with various instruments. One of the most 
cant of these is the Doppler weather radar. Radar is the 
emote sensing instrument able to expose the internal 
re of thunderstorms veiled by clouds that give little 
nce of the enclosed hazards. Atmospheric research with 
ars in the USA is principally supported by: (1) the National 
cience Foundation, which supports universities directly and 
rough the National Center for Atmospheric Research, (2) the 
¿National Oceanic and Atmospheric Administration (NOAA), 
_ which maintains and operates a network of weather radars for 
< storm hazard warnings and which contains the Environmental 
<- Research Laboratories that support weather radar research 
< having potential operational application, and (3) the Depart- 
ent of Defense, which supports weather radar research 
rough its Air Force Geophysics Laboratory. The French’ 
a small but well organized Doppler weather radar research 
ramme, and the Soviets’ have long used Doppler radars 
ther research, The Canadians** have a strong research 
mme to determine precipitation characteristics (such as 
_ shape, size, and ice or water) using radars with polarization 
_ diversity and dual wavelengths. Recently, the British? have 
_ shown how dual polarization radar can better identify precipita- 
< tion type and improve. rainfall rate estimates. Research on 
rainfall and hailfall accumulations, the foundation for many 
_ years of weather radar research, continues in the USA®’, Swit- 
- zerland*, Japan’, and other countries'°?. Recently, aeronom- 
_ists in the USA'** and Germany’? have focused large area 
< (for example, 10,000 m°), long-wavelength (6 m) Doppler radar 
antennas into the troposphere to study the air motions in 
_ cloudless. skies. Researchers have also used short-wavelength 
, (10 cm) Doppler weather radars to map winds in the clear air 
_ prestorm environment and have obtained results suggesting 
improvements in prediction of storm location and severity”? S, 
hough lightning is necessary in thunderstorms, only 
e there been coordinated studies to undertake 
sasurements of the storm’s electrical properties, 
n intensity, and its wind fields. One such coordin- 
as been the Thunderstorm Research International 
h experiments have been conducted in Florida 








































on thundersto 
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National Severe Storms Laboratory, National Oceanic and Atmospheric Administration, Norman, Oklahoma 73069, USA 


Weather radars can resolve many phenomena related to thunderstorms. Echoes from clear air, water 
_ and ice condensate, and ionized lightning channels can all be identified. Radial velocity data from 
two Doppler-radars are synthesized to show a storm mesocyclone with updraft speeds as large as 
~, moist boundary layer air flowing into the storm, and outflow into the upper troposphere. 
_ Maximum wind speeds in tornadoes can be remotely measured using Doppler spectra obtained with 
_ a@ high PRF radar. Doppler radars can detect thunderstorm gusts even when they are in the clear air 

-~ many tens of kilometres away from the storm, and radar detection of the ionized channels caused 

y lightning opens new avenues into thunderstorm research. 








rms and lightning 

















































and New Mexico in the USA. Initial results of these and other 

experiments show correlations between lightning and winds. 
inside the storm”, Not only does lightning seem to be linked 
to storm dynamics in the highly convective spring and summer : 
thunderstorms, but it also seems related to the dynamics in- 
weaker winter storms. The recent observations by Brook et.. 
al.” show a correlation between the occurrence of lightning 
that transfers positive charge to earth and the vertical shear of 
horizontal wind in the winter thunderstorms along the Hokuriku 
coast of Japan. = 

There are many research organizations investigating various — 
aspects of weather phenomena, but at NOAA’s National Severe 
Storms Laboratory (NSSL), located in Oklahoma in the heart — 
of the Great Plains, observations and research are focused on 
the interactions between storm electricity, precipitation, and 
wind in severe thunderstorms using: (1) two 10-cm wavelength 
pulsed Doppler weather radars powerful enough to sense the 
evolving wind fields in the prestorm environment; (2) the USA’s . 
tallest meteorologically instrumented tower; (3) a network of | 
surface-based electrical and meteorological sensors; (4) a 
unique passive network of radio receivers to map lightning | 
inside clouds and to locate the strike point of cloud-to-gound © 
flashes; and (5) a system to guide instrumented aircraft in their 
penetration of the intense and turbulent storms. 

The continued study of storm electricity, precipitation, and 
dynamics with recently developed remote sensing instruments 
could improve our understanding of how thunderstorms organ- 
ize themselves. Improved predictions and warnings of hazards 
should result. We now summarize aspects of the use of radar 
to observe remotely the hazardous phenomena of thunder- 
storms. 


Doppler weather radar 


As its beam sweeps through the storm, the weather radar maps 
the distribution of precipitation by measuring reflectivity factor 
Z (the product of the number of drops per m? and the average 
sixth power of their diameter expressed in mm (ref. 23)) and 
generates a three-dimensional ‘photograph’ of reflectivity fields, 
typically in 3-5 min. Transmitted radar pulses also reflect from 
ionized paths created by lightning within the radar beam. Fur- 
thermore, radar can detect echoes returned from the small 
irregularities of the air’s temperature and humidity in the opti- 
cally clear atmosphere”. Irregularities of centimetre size and 
temperature variations as small as 10°°°C produce reflectivity 
detectable by radar, although invisible to the naked eye. = 
However, the eye can see the scintillation of stars caused by — 
these temperature fluctuations. Echoes from such targets in the - 
first kilometre of the clear atmosphere can be seen in Fig. 1b. 
Doppler radar adds information through its ability to measure 
target speeds. Doviak er al.” have reviewed the principle 
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_ pitch of its whistle. Because there are usually many millions of 
targets moving at different velocities, the Doppler radar actually 
measures a spectrum of radial speeds within its resolution 
volume, defined by the beamwidth and the pulse length of the 
transmitted radiation. The resolution volume is an inherent 
= characteristic of the radar for zero antenna scan rate. Because 
- echoes from several tens of transmitted pulses are required to 
determine the Doppler spectrum, the volume contributing to 
the spectrum is larger than the resolution volume” if the beam 
scans while receiving echoes. This larger volume is defined as 
the measurement volume. The width of the radial velocity 
~ distribution within the measurement volume can be <1 m s~’ 
“when there is no wind shear or turbulence, or as much as 
100 ms~' when a tornado is contained within the volume. The 
average velocity v and the variance g; of the radial velocity 
<i distribution are the first and second moments of the Doppler 
spectrum. 
Because the Doppler radar measures only the component of 
target velocity in the direction of the radar, three or more radars 
must map Doppler speeds nearly simultaneously from different 
directions to synthesize the three components of velocity. 
However, the three components of wind are connected by the 
mass continuity equation so that only two spaced radars are 
ufficient to estimate the wind field’®. Because ice crystals and 
water drops fall through the air, estimates of their fall speeds 
relative to the air (terminal velocities) need to be made when 
these are the tracers of wind. (Note that velocities relative to 
the ground are fall velocities.) Terminal velocity estimates are 
- usually based on the reflectivity of the hydrometers”’; larger 
= ones have higher terminal velocities and reflectivities. Refrac- 
tive index irregularities and lightning channels have zero ter- 
minal velocities. 








Observations 

Storm structure is well illustrated when data from a single radar 
are displayed on a range height indicator (RHI) that gives 
vertical cross-sections of Z, v, and o,. Figure la, b shows 
respectively, Z (scaled in decibel units, dBZ) and v, in cross- 
sections along a 347° azimuth, for a severe thunderstorm. 
Visible in the Z field (a) is an anvil of cloud particles extending 
to the left (SSE) at ~10 km AGL (above ground level), More 
of the anvil is evident in the velocity display (b) for which the 
+ signal-to-noise ratio (SNR) threshold has been reduced to show 
“the motion of the weakly reflective particles, which are probably 
ice crystals. Storm overhang and strong reflectivity gradients 
below 2 km AGL on the storm’s south side suggest strong inflow 
into the storm. If we assume that the hydrometers are liquid 
and have the Marshall—Palmer** exponential dropsize distribu- 
tion often used by radar meteorologists, then the 20 dBZ con- 
tour near the ground corresponds to a rainfall rate <1 mm h`? 
and 30, 40 and 50 dBZ to ~3, 10 and 50 mm h`’, respectively. 
-< Often the high reflectivity regions (>50 dBZ) extending to the 
ground contain wet hail, which causes errors in the estimate of 
© rainfall rate. Melting ice crystals mixed with rain in the region 
= (melting layer) between the freezing temperatures above and 
= warmer temperatures below can also cause a significant error 
in rainfall rate estimates. 
- The Doppler velocity field in Fig, 1b depicts motions to the 
right and away (positive velocity) from the radar as well as 
— motion towards (negative velocity) the radar. The storm 
- Outflow, assisted by northwesterly winds outside the storm, 
~~ earried cloud particles in the anvil causing it to grow southeast- 
< ward towards the radar. In the anvil, air velocities were more 
negative than —27 ms™', the Nyquist limit’* of the radar, so 
they appear as high positive values (but less than +27 ms’) 
and. are seen as patches of ligtitest red embedded in regions of 


- game manner as a passing train causes shifts i in the observed. 


downward and Odmar arouod the updraft. This latter motion = 


is evident in Fig. 1b above. the anvil on the storm’s southern 


side where we see the highest radial velocities. 


The velocity data in Fig. 1b above the upper edge of the agi 
boundary of the reflectivity field shown in Fig. la are due tò 7 
antenna sidelobes receiving echoes from the high reflectivity 
regions when the main beam lobe is pointed above the storm 
(due to reception of signals from directions away from the 
antenna axis at angular distances larger than the beamwidth). 
These falsely mapped velocities do not portray the true wind 
there. Antenna sidelobes constitute one of the more important 
limitations to expanding the utility of Doppler radars. However, ©. 
if there are no strong echoes at a given range in the main or. 
sidelobes, then the Doppler radar can accurately sense the 
velocities in weak echo regions in the main beam at that range. 

For example, weakly reflecting targets drifting with the flow in 

the clear air boundary layer (low altitude, red region in Fig. 1b > 
between ranges of 50 and 60 km) trace the air moving into thes... 
storm. ee 

Although radial velocity fields from one radar exhibit many 
interesting storm features, they cannot unambiguously depict. 
the wind. Figure 2a shows a horizontal cross-section of a 
tornadic storm that formed in central Oklahoma’? on 2 May, 
1979. The three components of wind were obtained from radial 
velocity measurements made by two radars spaced 70 km apart, 
a reflectivity-terminal velocity relation, and integration of the: 
mass continuity equation using $ suitable boundary conditions at. 
the ground and the cloud top’. The large circulation of air 
seen in Fig. 2a is a thunderstorm cyclone. Because thunder- 
storm cyclones are much smaller than extra tropical ones or — 
tropical cyclones, including hurricanes, these circulations ar 
called mesocyclones. Not all thunderstorms develop meso- 
cyclones, but when they do so, they have the potential to 
generate large and long-lived tornadoes as did this one. In all 
the cases observed, large tornadoes have been preceded by = 
mesocyclones. Mesocyclones have diameters ranging from a 
few to ~10 km and can extend in height from near the ground. 
to near the tropopause. Tornadoes are smaller scale vortices 
imbedded within the mesocyclone, and if their centres do not. 
coincide (as in Fig. 2a), the tornado circulates around. the: 
mesocyclone centre forming a trochoidal path on the ground we 
as the mesocyclone and tornado are translated by the moving 
storm*', Note that the small scale tornado vortex is not resolved 
in Fig. 2a. 

The inflow of air from the south- east in the first 2 km AGL, 
and updrafts as large as 40 ms‘ can be seen in Fig. 2b. Inflow 
air lacking precipitation targets is also detected by radar as 
shown in Fig. 1b. Large gradients of reflectivity mark the region 
of inbound air, and strong outflow occurs in the anvil at 
12km AGL. These are features similar to those seen in the 
single radar data fields (Fig. la, b). Although the cross-section 
in Fig. 2b shows mostly updrafts, other regions of the storm - 
have downdrafts. The chilled downdrafts are sometimes so. 




























Tabie 1 Comparison of tornado warning performance, 1977-78 





Present Doppler 

system radar alone 
Probability of detection* 0,64 0.69 
False alarm ratet 0.63 0.25 oe 
Critical success index | 0.30 0.56 a 
Lead time imin)§ we 22 21.4 a 
Approximately 200 cases were examined. 
* XIX +Z) + YAX +Y) X/(X + Y +Z) where X = number of 


predicted tornadoes that occurred; Y = number of predicted tornadoes © 

that did not occur; Z= number of tornadoes that occurred withouta ~~ 

prediction. s 
§ Lead time between i umg of warning and tornado occurrence. 
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strong and enduring that they form cooled air masses that 
extend many kilometres beyond the storm cloud. 


Observed winds compared with 
model predictions 


High-speed, high-capacity computers allow us to model numeri- 
cally thunderstorm evolution. As computers become faster and 
less expensive and models more computationally efficient, it 
even becomes feasible to use prestorm environmental para- 
meters (vertical profiles of temperature, moisture and wind) for 
improved predictions of weather events. Figure 3 shows a 
comparison of a numerically modelled storm formed in an 
environment similar to that of an observed storm™ in which 
wind at 4 km AGL is from the SSW (199°) at 25 m s`’. Winds 
are relative to storm motion (14 ms`' at 192° for the model: 
I8 ms ` at 193° for the observed storm). The heavy contour 
in Fig. 3a corresponds to a reflectivity factor of 38 dBZ, assum- 
ing the Marshall—Palmer dropsize distribution. Seen in both the 
modelled and observed storms are the updrafts and downdrafts 
with reasonable agreement in shape, location and intensity. The 
updraft blocks the dry environmental air at 4 km and diverts 
it around the storm whose circulation causes higher speed dry 
air to intrude into the storm’s east side. There the fast-moving 
dry air deflects and evaporates the condensate, thus forming a 
notch-like feature in the reflectivity contour, seen in both the 
model and observations. 


Tornado observations 


When a tornado is contained within the radar’s resolution 
volume, the Doppler velocity spectrum becomes very broad”. 
When radar targets have small terminal velocities, the Doppler 
spectra can be analysed to determine the flow of air around 
the tornado***. The only scanning of a large tornado (Fig. 4a) 
with a pulsed Doppler radar operating with a Nyquist interval 
sufficiently large (+91 ms `) to measure unambiguously the 
high tornadic wind speeds was in Spring 1981 at NSSL. The 
Nyquist interval, +A/4T7,, is determined by radar wavelength 
A and the period T, between transmitted pulses. Targets moving 
at speeds higher than the Nyquist limits produce signals that 
are not sampled often enough to resolve unambiguously the 
Doppler shift. The contour in Fig. 4a shows the approximate 
location and cross-section of 16 consecutive (in range) measure- 
ment volumes within which targets produced the 16 Doppler 
spectra shown in Fig. 46. Each spectrum gives the distribution 
of velocities within one of the 16 measurement volumes, and 
each volume has a range extent of ~200 m. These spectra were 
recorded within a minute of the time of the tornado photograph 
in Fig. 4a. Because the antenna was scanning in azimuth while 
data were collected to form these spectra, the measurement 
volume has an azimuthal dimension of 1.5°, although the beam- 
width is 0.8° (ref. 25). The 16 volumes are aligned along the 


Fig.1 a, Vertical cross-section of reflectivity factor Z, a measure 
of precipitation intensity, through a severe storm that occurred in 
central Oklahoma on 16 June 1980. The storm top (indicated by 
dot in white circle) is at 14.7 km AGL. The two shades of blue 
indicate median values of 10 log;, Z (dBZ) equal to 17 and 21: 
the three shades of green correspond to 26, 31 and 36 dBZ: the 
three of yellow to 41, 46 and 50 dBZ; and the two of red to 55 
and 60 dBZ. The relation between dBZ values and rainfall rate 
iS given in the text. The radar location is to the left, and the 
vertical arcs are at 60 and 80 km from the radar. b, Radial velocity 
field in the same vertical section as a. Red (green) coloured areas 
are radial velocities away from (towards) the radar. The shades 
from dark to light correspond to median radial velocities of 6, 11, 
15, 19, 23 and 27 ms ' The grey hue is for a median value of 
Oms . Differences in storm outline from that in a are discussed 
in the text. c, Radar depiction of radial velocities in a bow gust 
line produced by thunderstorm outflow at ground level. Colour 
code is the same as in b. This is an azimuthal sweep through the 
gust at a constant elevation angle of 0.4°, and the arcs are at 40 
and 80 km range 
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Height (km AGL) 0 


i sei teeta nat 


_ East 49.7 40.9 37.0 331 29.3 25.4 216 
= North 36.4 41.0 45.6 50.2 54.6 59.4 640 
: Distance along AB (km) 


- Fig. 2. Contours of reflectivity factor in dBZ and the wind field 
_ in a horizontal cross-section at 2km AGL (a) and a vertical 

_cross-section ($) of a tornadic thunderstorm. Winds are in the. 
coordinate system moving with the storm. Storm motion speed. 
and direction are shown. Line AB in a is the location of the 
“vertical cross-section. Distances are from a radar at Roman Nose: 
.: State Park, Oklahoma’’. *, The tornado location in a. The arrow 
of indicated velocity at top right of each plot gives speed which 
is proportional to arrow length (E. Brandes and B. Johnson, 

personal communication). 


“beam, but only two or three of these cross the tornado’s circle 
of maximum wind. In Fig. 4b the widest spectra denote the 
~~ Jocation of the tornado. Maximum tornado wind speeds can be 
estimated from these data. At this time the radar-measured 
i: maximum winds were ~90 m s™*. Acquiring in situ data in and 
- around the tornado is very difficult, but Doppler radar provides 
= a remote and relatively safe method of surveying storms for 
tornadoes. 

Although in principle two or more Doppler radars are 
required to depict circulations inside storms, a single Doppler 
-radar can indicate circulations, such as mesocyclones, that have 
— nearly circular symmetry. The circulation signature of large 
~~ mesocyclones shows itself remarkably well on colour displays 
. (see cover of ref. 36). Because mesocyclones are often several 
_ kilometres. in diameter (see Fig. 2a), their circulations can 
be resolved to ranges of ~200km with radars having beam 
widths <1°, | | 

A test was conducted i in Oklahoma to determine how tornado 
warnings are improved over the present non-Doppler warning 
system when Doppler information alone is used to forecast 
: tornadoes. Table 1 compares several measures of effectiveness 


` success re (CS? 


; ments made: with aiecraft e ORED show small cale thunderstorm 









gives “credit for ‘a high: "probability of 
detection and low false alarm rate, with a ‘CSI of 1.0 being -= 


perfect. 


Doppler radar can increase the’ avetipe lead time before. K 
tornado occurrence by 20 min, thus offering the population a s 
longer time to take cover if warnings are communicated 
properly. Although the probability of detection at the instant 
of issuance of warning is not significantly improved, the false 
alarm rate is significantly decreased with Doppler radar. There- 
fore, Doppler radar can reduce the overwarning inherent in 
the present system even while giving longer lead times, and. 
warning areas may be reduced substantially by precise location. __ 
of the storms containing mesocyclones. Es 


Gust fronts 


A gust front is the leading edge of cool air produced when a 
raincooled downdraft turns into an outward moving, ground: ™; 
based flow. The front is marked by shifts (shear) in the wind, — 
both in the vertical and horizontal directions. A gust front can 
propagate in the clear air many tens of kilometres away from | 
the thunderstorm that caused it and yet harbour shear forces = 
that can be destructive to aircraft, especially when a flight crew 
is unaware of its presence. The wind behind the front is usually = 
turbulent and attached to the storm’s downdraft**. But in some. 
cases, as shown in Fig. 1c, the outflow air can detach itself from. 
the storm and propagate away from it. Gust fronts often appear ~ 
as thin lines on radar displays Fig. 1c, and reflectivity isso weak 
(<10 dBZ) that some radars fail to detect it. However, moder- = 
ately sensitive Doppler weather radars can sense reflectivities 
as low as —10 dBZ at ranges <60 km. : 

Figure 1c shows the Doppler velocity field of a gust produced 
by a thunderstorm, which can be partially seen at the top of 
the figure. The radar beam elevation was fixed at 0.4° while 
the radar scanned in azimuth from 330° to 45°. Note the abrupt .— 
change in radial velocity across the gust line. The wind on the 
radar side (south-east) of the line shows a component away 
from the radar, anc just beyond the line, towards the radar. 
The region of approaching velocities along the gust is rather =` 
narrow. The air flow immediately behind the 4-km wide band 
of approaching air is again southerly, although it is not evident 
in Fig. 1¢ because the SNR threshold eliminated the weaker 
echces behind the gust. The dark blue area near the 40 km 
range arc indicates regions where the velocity data are contami- 
nated with echoes from distant (>150 km) storms along the 
same bearing. A time sequence of radar images of the thunder- £- 
storm and gust suggests that this outflow propagated more than ` 
80 km with a relatively constant velocity of 13 ms’. Fortu- 
nately, the gust passed the 444-m tall KTVY television tower, 
instrumented by NSSL, so that in situ measurements of the 
wind and temperature were obtained. 

The vertical profiles of the wind and temperature in a south-. 
east to north-west cross-section obtained from a composite of 
radar and tower data are shown in Fig. 5. The data show this — 
solitary gust to be a cylindrical pool of cool air that propagates- 
southeastward. This highly localized pool of steadily moving 
coo! air appears to de detached from the storm and propagates 
in a stable boundary layer with little mixing of its air with the 
environment so that the air behind the line quickly returns to 
ambient conditions. This solitary gust seems to have a remark- 
ably long lifetime (>1 h) as judged from time lapse photo- 


graphy. | . + 















Turbulence 


Evident in Figs 2 and 5 (and in “the viguial: images of cumulus 
clouds) are small scale eddies, perturbations in the larger scale 
circulations of storm winds. Radars with finer resolution than 
the nearly 2 km resolution of Fig. 2 and in situ: | 3 
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Horizontal cross-section of modelled storm winds {a} and 
ds synthesized from observed Doppler velocities (b) in a plane 
‘km AGL (ref. 32). Updraft velocities (solid lines) and down- 
ft velocities (dashed lines) are contoured in 5 ms’ a increments. 
Shaded areas are downdraft regions stronger than ~1 ms’. The 
avy solid contour in a encloses a region of liquid water con- 
entration >0.5gkg™'. In b the heavy contour is a 30dBZ 
flectivity factor. Wind vectors are scaled such that one grid 
interval is 20 ms" 





to be chaotic. If these turbulent eddies are intense, they 
be destructive to aircraft. 
“The width, a,, Of the Doppler velocity spectrum is normally 
a measure of turbulence within the measurement volume, 
although shear, antenna scan rate, and differential fall speeds 
‘contribute to a lesser degree to the measured value**”’. 
Although an aircraft can record turbulence in narrow volumes 
along its flight path, and a radar resolves it within its usually 
~~ much larger measurement volume, Bohne“? has shown good 
correlation between levels of turbulence estimated from aircraft 
and radar. Analysis of a larger amount of data by Lee*’ suggests 
ong correlation between o, and in situ aircraft measure- 
f turbulence. His data show that when aircraft-measured 
Ss exceed 6 ms™ (moderate or severe turbulence), 
within 1 km of the radar measurement 
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when o g, Was < 4 ms’, the sircrafi experienced 


ulence. 












B rbulence i in a  tornadic thunderstorm occurs 







along the edges of high pee (>20 ms”) updrafts*? í 
intense turbulence is usually found in the midlevels of thes sto 
where there is large shear between updrafts and downdrafts 











Rainfall measurements 


Although radar estimates of rainfall rate R obtained from Z 
are typically in error by a factor of up to two, radar has the 
advantage of surveying remotely vast areas and making millions 
of measurements in minutes. A sufficiently dense network of 
rain gauges can measure the rainfall more accurately and 
reliably. However, no matter how accurate the gauges are for 
point measurements (typically 5~10%), their usefulness for 
determining the rainfall integrated over a large area is limited 
by gauge density and the spatial variability in the rainfall**. The 
cost of a rain gauge network to match the radar’s capabilities 
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Fig. 4 a, The tornado near Binger, Oklahoma, at ~16.06 CST 
on 22 May 1981. View is to the NW and range from the photo- 
grapher is 5.2km (R. Davies-Jones and D. Burgess, personal 
communication). The white contour is the approximate size of the 
radar measurement volume for the data shown in 4. b, Reflectivity 
spectral densities (in dB units) versus Doppler (radial) velocity at 
16 range locations in the tornado’s circulation. Beam elevation | 
angle is 0.3°. The nearly horizontal lines at each end of the spectra 
are thresholds at 10 dB above the receiver noise level and corre- 
spond to a reflectivity spectral density of ~3.4 mm Sm ms. | 
The vertical scale is 20 dB per division (L. Hennington and D. 
Zrnic’, personal communication). 



























would be prohibitive. 
gauge data are combined to produce rainfall maps. Inherent in 
. this procedure are the assumptions that, despite the possible 

- error in absolute radar measurement of R, the radar accurately 
measures the spatial variability of R and a valid calibration can 

‘be made between gauge and radar measurements at each gauge 
location. With these assumptions such rainfall maps approach 
the point accuracy of a dense gauge network***°. 

The distribution of dropsize, N(D), is of central importance 
in determining R. Operational weather radars measure the 
single parameter Z, and meteorologists often estimate R by 
using an assumed exponential dropsize distribution (see ref. 
28) in which only one parameter is estimated from Z. In general, 
however, specification of N(D) requires knowledge of several 
independent parameters to describe it, so that accurate esti- 
mates of R and Z can be made. It has been suggested that 

-when N(D) is described by a two-parameter distribution, pairs 
-of independent measurements of two remotely sensed proper- 


<= ties, such as attenuation and reflectivity, can be used for a better 


-estimation of R (ref. 47). 
-i A dual polarization radar** can use echo intensity information 
‘contained in two orthogonally polarized waves to estimate both 
parameters of a two-parameter N(D). The basis for the dual 
‘polarization scheme is the observation that drops, falling at 
their terminal velocities, are not spherical but have an oblate 
spheroidal shape, so that we expect larger echo power for 
horizontally polarized waves. It can be shown that the ratio 
Zy/ Zv of reflectivities obtained with horizontally and vertically 
polarized waves is an accurate measure of the spatial variability 
of R, even if the absolute radar calibration is in error, if the 
assumption of exponential dropsize is valid. Then rain gauges, 
-even though sparsely spaced, can be used to scale the radar 
‘estimates of R. Although results given by Seliga et al“? suggest 
that a dual polarization radar can give better estimates of rainfall 
‘fate, more research is needed to evaluate the technique for 
operational applications. 
. Because the ratio Z,,/Z, is related to the shape of the 
scatterers, polarization analysis can also be used to identify 
precipitation type (rain, hail, graupel, and so on) when this ratio 
and absolute measurements of Z are categorized into levels 
expected for various types of hydrometers’. 


_ Lightning studies using radar 
- Lightning flashes occur as either cloud-to-ground (CG) or intra- 
< cloud (IC). A CG flash is comprised of one or more return 
: strokes, which have large electrical currents in the channel 
between the cloud and ground, while all flashes not reaching 
_ the ground are termed IC. (See ref. 50 for a general description 
of lightning and its measurement.) Both IC and CG flashes 
create ionized channels that carry electrical currents. Backscat- 
tering from these ionized channels is sufficient to produce radar 
echoes. 
Radar detection of lightning has been known for many 
years’'**. Although some early studies included estimates of 
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3 Therefore, radar and widely-spaced rain on 


teas and theouies have rain pioneer to poe unravel 


the complexities of lightning echoes.. 





Characteristics of lightning echoes : 
In a few early studies of lightning echoes, attempts were made = 
to relate the echoes to known lightning processes by comparing 
the sferics from lightning (the transient electromagnetic field 
radiated by a flash) with the radar echoes of the same flashes*’*”. 
More recently, coincident measurements of lightning echoes” 
and electrostatic field changes, which allow reasonably conclus- 
ive identification of flash type and inter-flash events, showed 
that lightning echoes from a CG flash often have sudden 
increases in amplitude associated with return strokes followed 

by a decay to pre-fiash levels’ (Fig. 6). This feature has also 
been noted during some interstroke intervals. The radar echoes 
from an IC flash usually have a relatively broad peak wit 
variations superimposed, which may be seen in Fig. 6b durin 
the first part (0.6-1.15 s) of the flash. The electric field C 
(R in Fig. 6) are typical of return strokes. This flash was- 
independently verified by a lightning strike location system as 
a CG with at least eight return strokes. Note that abrupt 
increases in the lightning echoes in a particular range interval 
AR may not always coincide with the return stroke field change. ~ 

Comparison of lightning echoes with electric field changes 
suggests that a continuing discharge process often. keeps the | 
channels ionized****, We define the duration of lightning echoes 
as the time interval from the instant the echoes are first discern- 
ible until they decay. back to the pre-discharge amplitude. This 
duration forms a lightning echo event. Figure 6 shows at lea 
nine echo events. Typical lightning echo’ events have durations 
of ~200-300 ms with extreme values of 10 ms. and 3s having . 
been observed. 

The rise time (the time for the radar received signal to reach 
peak amplitude) of a lightning echo event is generally a few 
tens of milliseconds. Although it was first thought that the rise. 
time indicates increasing current flow in the channel” , more 
recent analysis™ shows that observed rise times agree well wit! 
ones determined theoretically, when the lightning is modelled 
as an ionized channel or streamer propagating across the . 
antenna beam at a rate of ~100 km s™*. Propagation speeds of 
this order of magnitude for streamers within clouds have been — 
inferred by several investigators, using different measurement 
techniques®**°, When streamers propagate radially along the 
beam, their echoes can be seen developing in contiguous resol- < 
ution volumes. Radar observations of several thousand light- coe 
ning flashes in Oklahoma storms have yielded a maximum 
propagation speed of ~250 kms'', and streamer propagation 
speeds | of >100 km s`} have been measured within small 
storms” 

The radar cross-section, RCS, of lightning has been estimated: 
both theoretically and experimentally, The lightning RCS. — 
depends on two factors: (1) the size and number of reflecting : 
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, Depiction ofa technique (a) for observing lightning and 
mple ().of lightning echoes for a long flash that began as 
scame a CG. The radar antenna typically is held 
to acquire lightning echoes. The stippled region 
ghee of the eater s Tesolunon volumer in xwhich 


‘trace is ap electrostatic field nes at the ade site 
due to the same flash. (Reprinted from ref. 21. ) 




















hannel elements within the radar resolution volume 
rientations relative to the incident wave, and (2) the 
ma characteristics. The initial theoretical work was 
ally done by Dawson”’, who assumed that only those 
channels. perpendicular to the beam axis contributed 
tly to lightning echoes, and Divinsky®’, who con- 
red the return echoes irrespective of channel orientation. 
th treated the limiting cases of low density and overdense 
lasma (the plasma is considered overdense when the radar 
signals are reflected from it as if it were a metallic conductor). 
More recently Mazur™ estimated the RCS as a function of 
channel orientation relative to the incident wave and any level 
of electron density and temperature by treating lightning ele- 
ments as dielectric cylinders of finite length. Experimentally 
etermined estimates of the lightning RCS reported by Mazur™ 
Imes et al.®*, and Zrnic’ et al.“ are reasonably consistent. 
imes ef al. 62 conclude that the in-cloud portion of their 
which were at altitudes above 6 km, had channels with 
<2 cm and electron densities of ~10'° m°. 















À and storm structure 
adars of wavelength =10 cm can easily locate 
in intense precipitation, out to ~300 km makes 


the study of lightning relative to storm structure. 
pi pler ri radar to. 3. pbserve lightning i is a promising 












_ A phenomenon of long-standing interest and controv 
the ‘rain gush’, which is a dramatic increase in rainfall so 
after lightning. The controversy has arisen as a result of differ 
interpretations of the gush: one is that lightning causes th 
rapid growth of precipitation”, another is that the precipitatio: 
in electrostatic levitation before the flash°”’”°, is merely release 
by the change in the electric field caused by the flash. Othe 
interpretations have also been suggested. we 
Recently two radars have been used by Szymanski et al.” to 
search for a relationship between rain gushes and lightning. A 
3-cm wavelength radar was used to observe precipitation- 
reflectivity while an 11-cm wavelength radar was used to record | 
the location of lightning echoes. They report that of more than 
150 flashes observed by radar, only one flash, which occurred | 
in very low precipitation reflectivities, seemed to cause precipi- _ 
tation growth in the volume around the lightning. Further such 
observations with radar are needed to provide more definitive 
information concerning the fundamental question of electrical 
effects on precipitation. 2 
Zrnic’ et al.” found, as had Szymanski et al.’*, that lightning : 
in heavy precipitation usually causes no discernible change in 
precipitation reflectivity. However, Zrnic’ et al. did find that 
lightning altered precipitation reflectivity of low Z and sus 
gested that these were due to changes i in orientation broug 
about by electrostatic field changes in. these regions. Thes 
changes occurred within 0.1-0.5 s after the flash began. McC 
mick and Hendry” give convincing evidence that both aerody: 
namic forces and the storm’s electric field control the orientation 
of ice crystals. 
We have combined measurements of seacipitadon: using our 
10-cm wavelength Doppler radar, and lightning echoes, using 
our 23-cm wavelength radar, to study the coevolving lightning 
and precipitation structure of large storms. In a squall line (that 
is, storm cells along a line).on 21 June 1980, over 1,000 lightning 
flashes were observed during a 44-min period. The storm cells 
were aligned nearly radially from the co-located radars, and 
lightning flashes from several cells were recorded. For this on 
squall line, the following were noted”: although lightning is 
observed throughout the storm, most of the lightning occurs 
close to the leading edge (relative to storm movement) of th 
heavy precipitation; the incidence of long lightning flashes that 
propagate between growing and dissipating cells increases as 
the precipitation echo intensity decreases in the dissipating cell. 
The length of lightning flashes determined from the radial 
extent of lightning echoes varies greatly. Holmes et al.** report 
lengths up to 2 km in small, isolated mountain thunderstorms. 
Ligda’s*” photographs show lightning with lengths up to 
~160km in large storms. Most lightning that we observe. in 
Oklahoma is several tens of kilometres long, and we have | 
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Fig.7 Reflectivity spectral density for vertical fall velocities from 
precipitation and lightning at 7.1 km. The dash-dotted curve is 
the estimated true fall speed spectrum. The solid curve is a five- 
point running average of the data (x), which were obtained by. 
averaging 12 spectra. Powers below the dashed line and the peak ` 
at 24ms ‘ are considered to be unreliable, so the intersection of 
this line and the observed spectrum yields the assumed, relia e 

- maximum fall Nees of ~ ae m s` ; 



















































































Mazur“ has studied this phenomenon with radar. He observed 
lightning events characterized by a time interval of <200 ms 
between them and with a separation in the range of only a few 
` kilometres. He has recorded these in squall lines both in the 
East Georgia region of the USSR and in the Great Plains of 
the USA. Mazur termed these ‘associated discharges’ because 
of the apparent association between the seemingly separate 
lightning flashes. It is, of course, possible that different branches 
of the same flash propagated by chance into the beam to give 
the observed apparent association. However, Mazur’s analysis 
of lightning in an intense storm showed that this possibility was 
© <5%. From this, he concluded that there may be processes 
that result in one flash being initiated by another. 

Zrnic’ et al.’ have used a vertically pointing, 10-cm 
wavelength Doppler radar to study interactions between light- 
-ning and precipitation. Figure 7 shows an example of the 
“reflectivity spectral density of lightning and precipitation obser- 
-wed simultaneously by Doppler radar. Reflectivity spectra 
_ obtained with vertically pointed radars have been used to deter- 
mine the drop size distributions”. Unless the vertical air 
velocity and turbulence are estimated with precision better than 
-dms', large errors in drop size distribution will result. 
. Although several methods have been proposed, none will pro- 
vide correct values of vertical air motion”*. If lightning produces 
ionized channels that permeate the measurement volume, these 
channels should be perfect tracers of the updraft and turbulence 
because they have zero terminal velocity. 

: A subjectively estimated true reflectivity spectrum for the 
ydrometers is also plotted on Fig. 7 to show how the spectrum 
depends on velocity. The true spectrum has an upper speed 
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much more research is required to ascertain the accuracy and 
utility of this method. 


Concluding remarks 


The usefulness of weather radar as a remote probe of large and 
often severe thunderstorms continues to expand. When used 
in combination with other sensors, it offers us the opportunity © 
to learn more about the complex interrelations between wind, 
water, and electricity in storms. Much of this understanding _ 
can then, in turn, be applied to the many weather-related ` 
problems that affect numerous aspects of our daily lives. o 
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Tectonic models for the evolution of passive continental margins predict that following rifting, sediments should progressively- 
onlap basement at the edge of a margin as the lithosphere cools and increases its flexural rigidity with age. The pattern — 
-of modelled onlap is strikingly similar to that used by Vail and colleagues to estimate sea- -level rise through geological — 
‘time, This similarity suggests that major portions of stratigraphical sequences at margins may have a tectonic, rather _ 
-than eustatic, control. The patterns of onlap used by Vail and colleagues may be widespread, however, because several 
my ~ widely feparateg passive margins rifted at similar times, but they are unlikely to be worldwide. 2 
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Subsidence, so ‘produce a Oanig stratigraphical 
_ sequence, while a relative fall of sea level, due either toa global 
-fallin sea level or to crustal uplift, would produce a regressive 
Ei uence. The occurrence of a transgressive or regressive 
ce at a particular locality in a sedimentary basin, 
yis controlled by the rate of sediment influx and the 
irection of change in the relative position. of sea level 
he sea floor’. It appears that global changes i in sea level, 
o changes in the volume of land ice or mid-ocean ridge 
ests, proceeded rapidly enough to explain some of the trans- 
sive and regressive sequences at the edges of epeiric seas 
ring the geological past. But there has been considerable 
-- debate’ on the origin of the transgressive and regressive 
. : enes that occurred during periods of no extensive land 
ice and relatively constant ridge crest volumes. 
~. Sloss and Speed* argued that the major control on strati- 
> a sequences in the continental interiors’ were tectonic 
movements. They recognized three main episodes or ‘modes’ 
during the development of stratigraphical sequences in the 
ntinental interiors: ‘oscillatory’, in which land areas were 
_ Subject to differential uplift and subsidence; ‘emergent’, in 
which land areas were progressively uplifted; and ‘submergent’, 
in which land areas progressively subsided. Sloss and Speed“ 
noted a similar timing of these modes between widely spaced 
| Spatinents and argued for a synchronous tectonic control over 
< broad regions. 
Vail et al.°’, on the other hand, argued that the major contro! 
of sedimentary sequences in continental interiors and margins 
= was global changes of sea level. They recognized several deposi- 
< tional cycles during the development of a stratigraphical 
sequence, each of which was bounded by surfaces of discon- 
i cine By identifying these surfaces, using characteristic pat- 
“terns of seismic reflectors of ‘onlap’ and ‘offlap’, they con- 
-structed cycle charts at individual localities. Vail et al. 6 noted 
at similar cycles could be recognized at localities in widely 
‘ated margins and argued for a eustatic control. They used 
tes of the amounts of onlap and offlap to construct a 
sa-level curve for the Phanerozoic that was character- 
ral short-term fluctuations superimposed on a broad 
we. Vail et al.’ used the pattern of onlap and 
-sea-level rise and fall respectively. By calibrating 
curve with other estimates of long-term sea-level 
hey argued that the short-term fluctuations could 
es of up toa. few hundred ı metres" 






































































Pitman’ pointed out that the occurrence of a transgressive 
or regressive sequence at the edge of a gently sloping shore 
depends on the rates of change of tectonic movements and 
global sea level. For example, a transgressive sequence could 
result from a sea-level fall, if the rate of subsidence of a basin 
exceeds the rate of sea-level fall. Pitman” showed that a majo 
transgression during the Eocene in the North American and 
African margins could result simply from the interaction ð 
changes in the rates of long-term sea-level fall with the steady 
normal subsidence of these margins. l 

Vail and Todd" therefore modified the original statements 
that coastal onlap and offlap could be directly equated to. 
sea-level rise and fall. Their amended global sea-level. curve: 
for the Jurassic, however, was strikingly similar to the origin 
curve, the main difference being the less abrupt sea-level falls 

The nature of the control of. stratigraphical sequences has 
subsequently been widely debated. Hallam’ argued that a 
tectonic control on the scale proposed by Sloss and Speed* wa 
unlikely, as there was no satisfactory mechanism to explain why 
widely separated continents would be affected by tectonic 
movements at similar times. He suggested’? that the main 
control on stratigraphical sequences were global changes òl 
sea level and constructed a curve for the Jurassic, similar. 
overall shape to the Vail et alf curve. But as Donovan and- 
Jones? have pointed out, without a satisfactory mechanism, the 
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Fig. 1 Plot of elastic thickness Te against age of the oceanic 
lithosphere at the time it was loaded, The elastic thickness is 
determined from observations of the flexural rigidity and assumes —— 
Young’s modulus = 10°* dyn cm? and Poisson's ratio= 0.25. @, 
Seamounts and oceanic islands; A, deep-sea trench~outer rise. 
systems; W, ridge crests; @, river delta. Solid lines indicate. the 
300°C and 600°C oceanic isotherms based on the cooling plate 
model”. 
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Fig. 2 Thermal and mechanical model for the tectonic evolution 
_ of a passive continental margin. a, Initial conditions. The tectonic 
subsidence of the margin is due to thermal contraction following 
heating and. thinning of the lithosphere and crust at the time of 
rifting. Sediments are assumed rapidly to infill continental shelf, 
slope and rise regions and to maintain a constant bathymetric 
rofile. through time. b, Cooling and flexure. The sediments rep- 
resent a load on the cooling lithosphere which responds by flexure. 
Sediments that form early in margin history load a relatively weak 
lithosphere while sediments that form later in its history load a 
strong lithosphere. The sediments that infill the initial subsidence 
are referred to as syn-rift while the sediments that infill the thermal 
subsidence are referred to as post-rift??. The model calculations. 
‘assume an initial lithospheric thickness of 125 km, an initial crustal 
thickness of 31.2 km, a coefficient of volume expansion of 3.4 x. 
10% °C} a mantle temperature of 1,333 °C and initial densities 
of 2.8 and 3.33 gem > for the crust and lithosphere respectively. 
-A uniform density of 2.5 g cm’ is assumed for the sediment infill. 





-darge amplitude sea-level changes inferred by Vail et al.° and 
Hallam’? must also remain in doubt. Bally’ suggested, in fact, 
that the effects of global sea-level changes are subordinate to 
| tectonics and that the major control on stratigraphical 
sequences are widespread and correlatable tectonic events 
= associated with major plate reorganizations. 
=o There is little doubt, however, that the sea-level curve of 
“Vail et alf represents an important synthesis of high-quality 
stratigraphical data that apparently has been useful in correla- 
tion studies and petroleum exploration. The cutstanding ques- 
tion is the interpretation of these curves and whether they 
represent global sea-level changes or widespread tectonic 
< events. Unfortunately, many of the data used by Vail et ai.° 
-~ are not generally available so it is difficult to determine whether 
they have satisfactorily separated eustatic from tectonic effects. 
_ This study uses recently developed models for the tectonic 
evolution of passive margins'*’° to estimate how tectonics has 
contributed to. stratigraphical sequences. 


‘ectonic subsidence at passive margins | 
The knowledge of the tectonic evolution of passive margins has 
progressed. rapidly during. the past decade. Backstripping 
‘studies’’”’, using data from commercial exploratory and 
i COST-type wells, have shown that the principal factors affecting 
_ the post-rift subsidence of passive margins are thermal contrac- 
- tion and sedimentary loading. er a as ‘chemical and 



















to the sabadon but their combined effe 'e small compared T 
with thermal contraction and sediment loading. By correcting 
the well data for the effects of sedimentary joading it has, 
therefore, been possible to estimate the form of the thermal A 
contraction and how it may vary across a margin. a 
Most modelling studies now assume that thermal contraction 
at passive margins arises from heating and thinning of the crust | 
and lithosphere at the time of intial rifting’*“*. The main- 
differences between the various models is the manner by which - 
the heating and thinning occurs. Sleep*’ proposed that the 
thinning was caused by uplift and subaerial erosion while 
McKenzie” proposed that it was caused by a passive, uniform 
extension of the crust and lithosphere. | 
There is good observational evidence for crustal extension 
during the early rifting history of passive margins, particularly 
at the sediment-starved margins of the eastern Atlantic and 
portions of the margin off eastern North America. For example, , 
de Charpal et al." have mapped listric faults and tilted fault os 
blocks in northern Biscay, and Given” and Schlee*® have — 
mapped graben systems off Nova Scotia and New England. The 
amount of extension cannot easily be estimated from fault. 
geometry, but seismic refraction data are consistent with a... 
stretching factor” of B =2-3 over distances of 100-200 km in © 
northern Biscay”” p 
The stretching mode has also been applied to the thickly. 
sedimented margins of the western Mediterranean off southern 
France?’ and portions of the margin off eastern North | 
America”, The main difficulty is the lack of information at 
these margins on the thickness and depositional environment 
of the sediments formed during rifting and, the tectonic fabric 
of the underlying basement rocks. For example, the relative 
proportion of syn-rift to post-rift sediments, an important con- 
straint in the stretching model”, is not precisely known at these 
margins. The available evidence” °° suggest a stretching factor 
in the range 6 =1.5-6.0. Unfortunately, there is too little © 
seismic refraction data to constrain these estimates satisfactorily — 
but geoid data are consistent with large amounts of stretching 
(B = 3-4) over distances of 100-200 km along portions of these 
margins (ref. 20 and M. S. Steckler, personal communication). 
The model of McKenzie” therefore appears to give a general 
explanation of the available geological and geophysical data at 
passive margins. Some problems still remain, however, the most 
important of which are: the discrepancies between estimates 
of stretching based on fault geometry and deep crustal seismic 
refraction data’*, the occurrence of seaward-dipping reflectors — 
of possible subaerial volcanic origin at some margins” and the... 
relative role of passive and active heating in the thermal — 
evolution of a margin” 


Flexure 


The response of the lithosphere to sediment loads at a passive 
margin has been modelled using either an Airy or flexure model 
of isostasy’”'*. Seismic reflection profiles indicate that active: 
faulting accompanies the early stages of rifting’**°. This sug- 
gests that an Airy model, in which sediments are locally com- 
pensated, is most applicable early in margin evolution. The 
presence of gently dipping post-rift sediments and a broad 
coastal plain, however, suggests the flexure model becomes 
more important later in margin evolution. 

The actual lithospheric response to sediment loads is difficult 
to determine at a passive margin because sediments are con- 
tinually added to it during long periods of time. The best + 
evidence has come from studies of seamounts and oceanic — 
islands, as they formed during relatively short time periods — 
(1-1.5 Myr). These studies show that the flexural rigidity and 
the equivalent elastic thickness of oceanic lithosphere, Te > 
increases: with the age of the: lithosphere at the time it was 
loaded (Fig. 1). Loads formed on young oceanic lithosphere, 
such as the Walvis ridge, are asso ated wi mall: values of T, 
while loads forme a 
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estimate the vertical component of 
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cio sidence rate. Because the coastal 
<- plain sediments subside at a slower | 
-Tate than long-term sea-level rises som 
yw falls, there is a tendency, 0 
pending on the rate of sediment 
; a Bi below the 
ne (enhancing the effects 
nd regression. above 
pmapeting ¥ with flexure). 








inds are ; associated with. large: values. Figure 1 
K anod general agreement between T, and the 
Z, to the 300-600 °C oceanic isotherms. Thus, flexure 
es in the ocean basins. suggest that as the oceanic litho- 
ere increases in age and cools, it becomes more rigid in its 
ponse to loads. 
ecause the. lithosphere at passive margins is extensively 
uring rifting” it should therefore become progress- 
re rigid in its response to sediment loads as it cools 
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following rifting. Sediments formed soon after rifting wouk 

expected to load a relatively hot and weak lithosphere wh 
later sediments would load a relatively cool and strong li 
sphere. A flexure model, in which the rigidity of the lithospt 
increases with time, explains certain tectonic-stratigraph 
features of well sedimented © passive margins such as an oi 
stratigraphical high, a hinge zone and a coastal pan in whi 
younger sediments progressively onlap basement’? : 


Thermal and mechanical models 


Thermal and mechanical models have now been 
constructed '*'®4 for the stratigraphy. of passive margins t 
combine the effects of thermal contraction and sedimenta 
loading. In these models, thermal contraction occurs following 
crustal and lithospheric extension at the time of rifting wl 
sedimentary loading occurs by flexure of a progressively moi 
rigid basement following rifting. Since T, is a strong functio 
of temperature (Fig. 1), thermal and mechanical effects can. be 
coupled. Thus, T, can be calculated as a function of time an 
position following rifting. ee 

Figure 2 shows a simple model for the tectonic evolution. 
a passive margin that formed by crustal. and lithospher 
extension at the time of- rifting. The region of extension 
limited to beneath the shelf and slope and to have a magnitude 
(B = 3) and horizontal extent (175km), similar to present da 
margins. Sediments are assumed to infill uniformly the coolin 
margin, maintaining a constant bathymetric profile with time. 
The model includes the effects of lateral heat conduction across 
the stretched region and flexure that varies as a function of 
time and position (T, = Zaso °C). i. 

Figure 3 shows the stratigraphy predicted by the thermal and 
mechanical model at the edge of the margin. The solid lines 
indicate stratigraphical horizons at equal increments of the 
square root of time since rifting. Figure 3 shows that there is 
initially a significant onlap of sediments onto the basement, due 
to the abrupt transition in the stretching model from faul 
controlled Airy-type subsidence to flexural controlled sut 
sidence. Soon after rifting, the pattern of onlap is abrupt! 
terminated because lateral heat flow from the stretched regi 
to unstretched continental lithosphere causes the coastal plai 
to remain emergent'”'®. Beginning about 16 Myr after rifting 
however, flexure overcomes the effects of lateral heat flow a 
younger sediments progressively onlap the basement, due t 
its increase in flexural rigidity with age. oe 

The model in Fig. 3 is simplified as it assumes an abr 1 
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Fig. 5 Global cycles of relative changes of sea level since the 
Devonian® compared with the age of the rift-drift transition at 
different continental margins“, The numbered dashed lines on 
the ‘first-order cycle’ are construction lines used to estimate the 
rates of change of sea-level rise and fall in Fig. 6. 


‘ormly infills shelf, slope and rise regions. Although shen 
little information on how 8 varies across a hinge zone, it 
ms likely that it would change more smoothly than assumed 
he model. An abrupt change in 8 maximizes the lateral 
ffect of heat flow across the hinge zone so the coastal plain 
vould remain emergent for a longer time following rifting. 
Jowever, a more gradual transition in B across the hinge zone 
nly slightly decreases the pattern of onlap in Fig. 3. The pattern 
of onlap would be expected to change if sediments by-passed 
shelf regions due, for example, to vigorous submarine erosion”®. 
A prolonged absence of shelf loading would cause the flexural 
node (Fig. 2b) to migrate seaward towards loaded slope and 
tise regions, resulting in offlap in the coastal plain. Changes in 
the pattern of sediment influx seem unlikely, however, to com- 
pete with the modelled onlap in Fig. 3 unless it, like flexure, 
varies systematically during margin evolution. 

The model studies therefore suggest that coastal onlap is a 
characteristic feature of stratigraphical sequences at a cooling 
margin. This result is important since measurements of the 
amount of onlap at present day and ancient passive margins is 
the principal means by which Vail et al^" estimate sea-level 
changes through time. The models in Figs 2 and 3 have been 
constructed assuming no sea-level changes through time. Thus, 
by measuring the amount of onlap in the models we can estimate 
the contributions of tectonics to stratigraphical sequences. 

Vailet al.’ measured onlap by estimating the ‘coastal agerada- 
tion’, or ‘vertical component of onlap’, in a stratigraphical 
sequence. Beginning with the lowest point of onlap in a 
sequence, they successively summed each increment of onlap 
ntil the highest point of onlap is reached. Figure 3 illustrates, 
on the modelled lin bes the P ed used by Vail et 
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16-36 Myr. ‘Successive increments of 17, 28 and 20 Om give: a ; 
total amount of onlap for the sequence of 93 m. Figure 4 shows 
the largest amount of onlap (100-160 m) occurs for the greatest — 
amount of stretching and weakest plate, while the smallest 
amount (45-65 m) occurs for the least stretching and strongest 
plate. The form of the onlap is similar in each: model, generally 
following the shape of an exponential curve, with an initial 
rapid increase followed by a more gentle increase. 

Although they did not detail their method, Vail et al.’ used 
coastal onlap to estimate sea-level rise through time. They used 
a modal average of three or more correlative cycles of onlap 
from different continents to construct a global sea-level curve 
for the Phanerozoic. But, as Fig. 4 shows, coastal onlap is a 
characteristic feature of the tectonic evolution of a cooling 
passive margin and does not require sea-level changes to pro- 
duce it. Therefore, if the model predictions are correct, some 
correlation sheuld exist between the beginning of major cycles 


of onlap in the Vail et al.° curve and the age of the rift-drift ~ 


transition in passive margins, formed as a result of continental 
break-up. 

Figure 5 shows there is an excellent visual correlation 
between the beginning of the supercycles of Vail et alf and the 
age of the rift—drift transition at margins formed by the breakup 
of the Pangea supercontinent. There is a striking similarity 
between the form of the modelled onlap and individual super- 


cycles (Fig. 5). This similarity suggests, therefore, that major _ T 


portions of the Vail et al. curve may have a tectonic, rather m 
than eustatic, control. E 


Vail et al., however, terminate their supercycles by rapid 


sea-level falls (Fig. 5). The tectonic models. predict regressive 
sequences early in the development of a margin (Fig. 3) but, 
they do not predict them at higher levels in a stratigraphical 
sequence. Therefore, if the magnitudes of the sea-level falls 
deduced by Vail et alf are correct then, factors other than 
flexure must be invoked to explain them. 

There is some doubt that Vail er a/.° have correctly estimated 
the amount of sea-level fall from stratigraphical sequences’ **5, 
The main problem is that they determine sea-level fall by 


measuring the vertical component of onlap between the highest a 


point of onlap in an underlying sequence directly to the lowest © 
point of onlap in an overlying sequence, Because the record is 
largely removed by erosion during a sea-level fall, they cannot 
use the ‘incremental method’ that was used to measure onlap. 
Thus, the effects of tectonics during the sea-level fall are not 
satisfactorily accounted for. 

There is good evidence”, however, for major periods of 
regression in the geological record, although their origin is in 
some doubt. For example, Grasty’’ has related major regressive 
events to crustal thickening associated with orogeny while 
Ager”? has related them to long-term changes in global sea 
level, due to changes in mid-ocean ridge crest volumes. 

The effects of long-term changes in sea level”® on the 
modelled stratigraphy are illustrated in Fig. 6. The open 
triangles (Fig. 6) indicate the age since rifting when the rate of. 
sea-level fall equals the rate of model subsidence and the 
shoreline would stabilize. For small times following rifting the - 
seas would rise faster than the model subsides, causing a trans- 
gression, while for longer times the seas would fall faster, 
causing a regression. The actual effect of long-term sea-level. 
changes depends, however, on the relative rates of sediment 
influx and subsidence“; For the modelled stratigraphy in Fig. 
3,a transgressive sequence would be expected to develop soon. 
after rifting, enhancing the pattern of onlap produced by flexure, 
while for later times a regressive sequence would develop, 
competing with flexure. The timing of the resulting seaward ` 


shift in onlap would depend on position, but for the model in k 


Fig. 3 it occurs about 112-117 Myr following rifting. 

The model predictions are difficult to compare with the Vail 
et al.” curve as this curve represents the summation of several — a 
shifts in the e pattern. of oa mom differen positions i in widely E 
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Fig. 6. Comparison of the rate of change of sea level to the 
ice rate-at two points (A, B} in the thermal and mechanical 
n Fig. 3. The rate of change, of sea level is based on the 
a-level curve of Pitman’ and the first-order cycle of 
/ Based on Table 2 of ref. 9; ©, a straight line fit 
first-order cycle of Vail et alô (Fig. 5). A, The time in 
BP that the rate of sea-level fall equals the rate of subsidence 
aid the shoreline, in the absence of other effects, would be in 
equilibrium. 

















spaced margins. There is evidence though, from published 
ological cross-sections of the US Atlantic coastal plain” , of 
progressive onlap of Jurassic to early Cretaceous sediments 
basement that is terminated by a seaward shift in the 
mof onlap about: 120 Myr after rifting. Thus, the 
‘ig. 3 seems to agree with the overall stratigraphy of 
ely old margin. 

ctonic models are still unable, however, to explain the 
pread rapid short-term falls of sea level in the Vail et al.° 
Thus, without a satisfactory mechanism, the origin of 
: falls remains in doubt. 7 


scussion 
he model studies suggest that tectonics is an important control 
on the development of stratigraphical sequences at passive 
rgins. Flexure produces patterns of onlap, remarkably similar 
form to those used by Vail et al.’ to infer sea-level rise. 
ough Vail et al.’ attempted to remove tectonic effects by 
ncrements of coastal onlap in a sequence, they did 
t for flexural effects that vary as a function of time 
ition. They considered only a limited role for tectonics 
s generally equivalent to assuming sedimentary loading 
rs by flexure of a lithosphere of uniform flexural rigidity. 
As has already been pointed out, however, flexure cannot 
e explain all the occurrences of onlap in stratigraphical sequences; 
“neither can it explain the occurrence of offlap at high levels in 
- $tratigraphical sequences. The Cenomanian and Callovian 
-transgressive sequences” extended too far into the interiors of 
the continents to be explained by flexure, so other factors, such 
“as long-term changes in global sea level due to changes in 
-mid-ocean ridge crests, are required to explain them. Similarly, 
the Oligocene regressive sequences of the eastern US*’, western 
. stralia”” , and the northern North Sea® cannot be explained 
flexure, These relatively old margins were subsiding at rela- 
slow rates during the Oligocene so the relatively rapid 
fall in global sea level’ since 85 Myr BP may have 
to these sequences. Furthermore, flexure cannot 
sgressive sequences such as the Hettangian*” of 
Britain, which were too far north to have been 
Tethys passive margin*’ ,or regressive sequences 
Oligocene of southern Africa”? . Tectonics, but not 
; flexure, may have contributed to these 
































ces cal byt the | tectonic ; models for ‘di ferent i ge 
Following rifting each margin would be expected to 
own pattern of onlap as it cools and becomes propre? 
more rigid with age. But as each margin increases in ag 
is a greater tendency to be affected by long-term chan 
sea level. For example, the fall in long-term sea level fri 
to 15 Myr BP (ref. 9) would cause a shift in the pattern of 
at approximately similar times in each margin. The patte ns 
onlap would also be affected, of course, by the rise in sea levi 
before 85 Myr, but this would only enhance the effect of flexure. 
Figure 7 shows that although there is a similarity in the timing 
of the shift in onlap at each margin, the overall pattern of onlap 
is strikingly different between each margin. The models predict, 
in fact, that there would be little correlation in patterns of onlap | 
between margins unless they rifted at similar times. Thus pat- 
terns of onlap, of the type used by Vail etal.” may be widespread, _ 
because many widely spaced margins rifted at similar times, . 
but they are unlikely to be worldwide. r 

Unfortunately, there is presently too little stratigraphical data : 
available to test the model predictions in Fig. 7. Vail et al.” 
only published a few sea-level curves from separate localities 
and most of these extend for the duration of only one supercycle. 
However, Todd and Mitchum“? published sea-level curves for 
Texas Gulf Coast and West Africa; localities associated with 
the rifting of North America from. Africa at ~196 Myr BP (re 
44), Although it is not possible to compare their curves directly 
with the model predictions, both curves show a steady increase 
in the amount of onlap during the Jurassic. The main difference 
is that the models do not predict the short-term falls in se 
level, the largest being in the Valanginian (125-130 Myr BP). 
As Todd and Mitchum’? pointed out, however, a restricte 
Valanginian sequence can only be inferred from seismic profiles 
in the Gulf Coast. 

This article has focused on the nature of the control on 
stratigraphical sequences in present day passive margins b: 
tectonics, in the form of lithospheric flexure, may also have 
been a major control in the continental interiors. For exampl 
Vail et al.° constructed a sea-level curve for the Devonian an 
Cambrian; presumably based on data from the Michigan basi 
and the western and eastern US orogenic belts. They show a 
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Fig. 7 The pattern of onlap predicted for passive margins of 
different ages. The heavy solid line represents the pattern of onlap 
predicted from the thermal and mechanical models with 6 = 3 and 
T. = Z4sq °C. The heavy dashed line indicates the shift in the 
pattern of onlap caused by a fall in long-term sea level since © 
85 Myr BP. The actual shift in the pattern would vary across a 
margin. The fine dashed line indicates the sea- -level curve for the 
Texas Gulf Coast based on Todd and Mitchum**. This curve has. 
not been calibrated®* and is shown for comparison only. There is 

a significant difference in the patterns of onlap between each » 
margin because they rifted at separate times. The numbers in 
parentheses indicate the number of localities that Vail ef alf ` 
apparently used in each margin. Because they used a modal 
average of patterns of onlap from individual localities, the pattern ` 
of onlap from the North America~Africa margin should dominate ; 
their global sea-level curve. $ 

































they interpre 2 
e "Michigani. ‘basin “dui ing Devonian“ 
‘urthermore, the apparent progressive onlap of sediments onto 


< the large horizontal extent of the Albertan may require long- 
“term sea-level changes in addition. 

This is not to imply that a completely satisfactory. model 
exists yet for the tectonic evolution of sedimentary basins in 
“present day and ancient passive margins. There is too little 
“seismic reflection and refraction data at present day margins 
that satisfactorily constrains the deep crustal structure implied 
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` particular type of thermal model. The. actual separation of 
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ith age, and does not require sea-level changes to produce it. 


the western and eastern margins of the North American craton 
during the Cambrian*’ can be explained by flexure, although 
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depend or on a 


tectonic effects from stratigraphical ‘sequences remains a 
difficult problem that will require careful studies of seismic, 
geological and palaeontological data from localities in widely 
separated margins. The problem is important for future con- 
sideration, however, as it has major implications for tectonics, 
lithospheric mechanics, correlative stratigraphy and the thermal 
history of the Earth. 
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Examination of homologies between retroviral oncogenes and transforming sequences defined by transfection reveals that 
the human bladder carcinoma (EJ) oncogene is homologous to the Harvey sarcoma virus oncogene (ras). Structural 
analysis limits the region of homology to a 3.0-kilobase SacI fragment of the EJ oncogene. Both EJ and ras DNA 
-probes detect similar transcripts in transfectants derived from bladder carcinoma cell lines. 


















-TWO groups of cellular oncogenes have been discovered during 
the past decade. The first consists of genes that were character- 
zed by virtue of their association with retroviruses. The pro- 
totype of this class is the src gene of avian sarcoma virus. Several 


the chicken genome by an avian retrovirus, and has been 
exploited by the chimaeric virus to transform cells'*, Once 
incorporated into the viral genome, expression of the src gene 
s driven by viral controlling elements and is no longer respon- 
sive to control mechanisms that governed its expression while 
n the cellular chromosome. In addition to the src gene, this 
group includes at least 12 other gene sequences, each associated 
with a different chimaeric retrovirus** . These genes are conser- 
ed over great evolutionary distances’* implying that they 
, ediate essential comar or oiganismie functions. 





-experiments have indicated that this gene was acquired from | 





A second class of cellular transforming genes has been detec 
ted by the experimental route of DNA transfection, Recent: 
reports have indicated that the DNAs of some’ non-virally 
induced tumour cell lines can induce transformation when 
applied to mouse fibroblast monolayers. These tumour cell lines 
are derived from chemically induced animal tumours” and 
from human tumours of spontaneous origin ™™ 7, 

The two classes of oncogenes have many properties in com- 
mon, the most striking of which is the apparent origin of both 
types of genes from normally. benign, cellular genetic elements, - 
Because of this and other parallels, we > undertook a search to` 
determine whether the two groups of genes shared any mem bers 
in common. Such overlap would have- far-reaching consequen- 
ces for our understanding of the mechanisms of viral and 
nön- viral carcinogenesis.. 



















_ Rélated virus or tumour 





- Detection of homologies by nucleic acid 
hybridization 


The search for relatedness between the two groups of genes 
depended on detection of nucleic acid sequence homologies 
een individual members of each group. One group con- 
of a series of seven retrovirus-associated onc genes known 
unrelated or only distantly related to One another*. The 
studied was a collection of seven tumour oncogenes 
een defined by transfection”’°. Nucleic acid sequence 
have been derived for the retrovirus-associated genes, 

eas only a few of the transfection-derived genes have been 
olated in the form of molecular clones. We therefore used 
-the virus-derived onc probes to survey the DNAs of cells which 
had acquired, via transfection, copies of the second class of 
genes. The survey was performed using the Southern gel—filter 
ansfer procedure’*, Virus-derived onc probes were from 
‘al sources (see Table 1). 

sed each retrovirus-related onc probe to search for 
oss-reacting fragments in each of several transfectants. 
iple, an analysis using the v-ab/ probe is shown in Fig. 

a represents the endogenous mouse sequences detected 





























abe def ghi 
Fig. 1 Southern blot analysis of digested cellular DNAs 
from various transfectants probed with v-abl specific probe (see 
Table 1). 10 ug of each DNA were digested with endonuclease 
RI, fractionated by electrophoresis through a 1% agarose gel 
ransferred to nitrocellulose paper” -The filters were incu- 
with 5x 10° c.p.m. of nick- translated?’ * P labelled Abelson 
s specific probe. The DNAs analysed were from the following 
2s: a, NIH 3T3; b, YS-1; c, HeLa; d, A5-2; e, SH-1-1; f, 
g, EF 6-1; h, rabbit embryo fibroblast; /, RBC- 1; Lanes 
h, i are from one filter; g is from a different filter. The 
cell lines are described in Table 2. Migration of 
pested A DNA fragments are shown at the right (in 
_ kilobase pairs, a 
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Clone complexity Source Ref. 
-Murine Abelson leukaemia virus pAbisub9 3.0 kbp J. Y.J. Wang and D. Baltimore e 
Avian erythroblastosis virus PAE-Pvull 2.5 kbp T. Gonda and J. M. Bishop 28. 
ee Snyder~Theilen feline sarcoma virus PST-3 0.6 kbp C. Sherr 29 
irat) Maurine Harvey sarcoma virus LHXB-3 2.3 kbp R. Ellis and E. Scolnick 36 
TERE Murine Harvey sareoma virus BS9 0.45 kbp R. Ellis and E. Scolnick 21 
uman) Murine Moloney sarcoma virus pHM1 2.75kbp G. Vande Woude E 

Avian myelocytomatosis virus puMyC3-Psr 1.5 kbp T. Gonda and J. M. Bishop 3h 

Avian sarcoma virus SRA-2 0.8 kbp T. Gonda and J. M. Bishop 32o 

Human EJ bladder carcinoma pEJ6.6 6.6 kbp C. Shih 18 oces 


POET YI. Wang and D. Baltimore, in preparation. + G. Vande Woude, personal communication, ł v- indicates viral gene: c- indicates cellular gene. 
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in the DNA of untransfected NIH 3T3 cells by the v-abl. 
sequence probe. These ‘background’ bands of 28, 10 and 6. 
kilobases (kb) were also found in the DNAs of all transfectants . 
(Fig. 1, lanes b, d~g and i). Figure 1c shows detection of the. 
human homologue of the v-ab/ probe; lanes d-g show an 
analysis of DNAs of mouse cells transfected with four different 
human oncogenes. None of the DNAs contains any fragment 
beyond those present in the untransfected mouse control (lar 
a). We concluded that none of these transfected cells acqui 
the human homologue of the v-abl sequence. From a sim 
analysis in lanes A and í, we concluded that the rabbit bladd 
carcinoma Oncogene is also not related to the abl gene. A‘ mo: 
equivocal interpretation came from analysis of the DNA c 
mouse cell transfected with a mouse fibroblast oncogene (F 
la, b). Due to the lack of species-specific fragment marki 
we were unable to rule out the identity of the ab/ and fibrobla 
oncogene. However, knowledge of their restriction enzym 
cleavage sites excludes identity'*"», 

Figure 2 shows a further Southern blot analysis of DNAS 
that were prepared from several cell lines derived by transfec- 
tion of NIH 3T3 cells with DNAs of human tumour cell lines 
The probe used was the rat cellular homologue of Harve 
sarcoma virus, c-Ha-ras1, given by R. Ellis and E. Scolnick!®!7, 
A novel fragment of 9.5 kb was found in the DNA of a mouse 
cell transfected with DNA of the EJ human bladder carcinom 
cell line (Fig. 2c). In contrast, no novel fragments were present 
in the transfectants derived from other tumour cell lines (Fig. 

2d-g). 

Of the seven onc probes used in this survey, only one detected 
the presence of novel DNA fragments in transfection-derive 
cell lines. The results of this comparative oncogene survey ar 
summarized in Table 2. Below we consider the relationship 
between the c-Ha-ras1 gene and the human bladder carcinomi 
gene suggested by Fig. 2. 






































Homology of the two oncogene DNAs 


A series of tests was performed to further substantiate the © 
relationship between the EJ bladder oncogene and the c-ras.. 
oncogene. Figure 3A shows that nine cell lines derived by 
transfection of EJ bladder carcinoma DNA have all acquired 
novel DNA fragments reactive with the c-Ha-ras1 probe. DNA 
from untransfected mouse cells (Fig. 3A, lane a) does not 
exhibit any of these novel fragments. The BamHI-digested: 
DNAs of the various transfectants exhibit differently sized novel _ 
fragments because of rearrangements occurring during the 
transfection process. Note that the oncogene of the T24 human. 
bladder carcinoma is closely related to that of the EJ bladder 
carcinoma'*"'’. Figure 3A, lane m, indicates that a mouse trans 
fectant carrying the T24 oncogene also contains in its DNA a 
novel acquired fragment reactive with the probe. 
To further define the linkage between the EJ oncogene and 
the c-Ha-ras1 homologous sequences, we analysed the DNAs. 
of three EJ transfectants derived by transfer of BamHI- cleaved 
DNA (Fig. 3B). The donors of these DNAs were seconda 
transfectants derived previously by two serial passages of t 
bladder carcinoma hee AS endonuclease Bami 

































anc Probes YSA 0 EJ-6-12- AS-2 
v-dbi * = ai a + 
v-erb + a a z = = NT 
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c-Ha-rasl (rat) + ~ n m = a NT 
~ emos (Human) + ~ NT NT ~ — NT NT 
ae * = = me = N NT 
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<= Thè oncogene probes shown are described in Table 1. The transfected cell tines listed are of the following origins: y5- l-1 is kid from two serial passages of the 
oncogenic DNA from a 3-methyicholanthrene-induced mouse fibroblast cell line, MCA-16 (refs 6, 33), EJ-6-1 is a secondary transfected cell line derived from DNA 
of a human bladder carcinoma cell line, EJ’: A5-2 is a primary transfected cell line derived from human lung carcinoma cell line, A349 (ref. 34): SH-1-1 is a secondary 
“transfected cell line derived from DNA from human neuroblastoma cell line, SK-N-SH (J. Føgh, personal communication); SW-2-1 is a secondary transfected cell 
“ine derived from human colon carcinoma cell line, SW-480 (refs 10, 35); HL60-1-9 is a secondary transfected cell line derived from human leukaemia cell line, HL60- 
(refs 10, 36); B104-1-1.is a secondary transfected cell line derived from rat neuroblastoma ceil line, B194 (refs 7, 37); RBC-1 is a primary transfected cell line derived © 
© from rabbit bladder carcinoma cell line, RBC’**. + Indicates hybridization of the probe to novel bands in addition to hybridization with NIH 3T3 cellular sequences; 
o indicates a well controlled negative correlation. * Apparent negative correlation that is not based on species-specific DNA fragment sizes that distinguish donor 



















DNAs from resident chromosomal DNAs of the recipient cells. NT, not tested. 


“not inactivate the EJ oncogene", the transfection of BamHI- 
cleaved secondary DNA ensured that almost the only human 
fragment present in resulting tertiary transfectants was the 
6.6-kb BamHI fragment bearing the EJ oncogene. The three 
DNAs of the tertiary transfectants were analysed after EcoRI 
cleavage as it was thought they might have lost some BamHI 
sites during the second transfection. The DNAs of the three 
ansfectants (Fig. 3B, lanes a—c) all showed acquired fragments 
active with the c-Ha-rasl probe. This demonstrated that the 
nkage between the EJ oncogene and the c-Ha-rasi 
homologous sequences could not be broken by BamHI 
cleavage. 

- A further comparison between the genes depended on the 
fact that the EJ bladder carcinoma oncogene was one that we 
have recently isolated as a molecular clone'®. The EJ human 
bladder oncogene has been cloned as a biologically active EcoRI 





ermed 631. A biologically active 6.6-kb BamHI fragment 
subclone has been inserted into plasmid vector pBR322 and 
ermed pEJ6.6. All endonucleases shown to cleave within this 
6.6 kb insert (Fig. 4) inactivate the focus-inducing activity of 
this DNA (ref. 18 and C. Shih, unpublished results), 

Using the EJ 6.6-kb BamHI fragment and the c-Ha- ae 
ncogene clone as sequence probes, we analysed the DNA 
tagments homologous to these genes in normal human DNA. 
Both probes detected a 6.6-kb BamHI fragment (Fig. 3A, C, 
lanes b) and a 23-kb EcoRI fragment (Fig. 3B, D, lanes b) in 
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- Fig.2 Southern blot analysis of DNA from transfected cells with 
rat cellular ras probe (c-Ha-ras1). °’P-labelled c-Ha-ras1 DNA 
was prepared as described in Fig. 1 legend and incubated with a 
filter carrying BamHI-digested DNAs from the following cell. 
lines: a, HeLa; b, NIH 3T3; e, EJ-6-1; d, A5-2: e, SH-1-1; f: 
SW-2-1; g, HL-60-9. Lanes b-g are from the same filter. The cell - 
lines are described in Table 2. 


agment of 16 kb carried by a Charon 4A A phage vector and 


human DNA (see also ref. 20). Furthermore, the EJ bladder 
oncogene probe detected the same novel fragments in trans- 
fected mouse lines (Fig. 3C, lanes c~k) that were previously 
detected using the c-Ha-ras1 probe (Fig. 3A, lanes ck). a 

Endonuclease-cleaved ©631 DNA was immobilized ona _ 
cellulose nitrate filter and probed with the c-Ha-rasl sequences. = 
Figure 4a indicates that homology between c-Ha-rasl and the © 
EJ clone is limited to the 6.6-kb BamHI fragment of the bladder 
carcinoma oncogene; lane b further reduces the domain of — 
homology between the two oncogenes toa 3.0-kb SacI fragment  ~ 
within the 6.6-kb BamHI fragment. Figure 4f-i shows asimilar 
experiment to that of lanes b-e but in this case BS-9, a v-Ha-ras | 
probe, was used (provided by Drs D. Lowy and E. Scolnick). 
BS-9 is a ras specific subclone of the Harvey sarcoma virus 
genome” and is ~450 base pairs (bp) long. This probe includes 
the 5’ half of the v-ras gene. Comparison of left and right panels 
of Fig. 4 confirms that the viral probe and c-Ha-ras1 cross- 
hybridize with identical fragments of the EJ oncogene DNA. | 
Double digests (Fig. 4g,i) with Sacl+ KpnI or Saci + Xbal 
indicate that the v-Ha-ras homology straddles the Kpnl and 
Xbal cleavage’sites indicated at the top of Fig. 4. Most of the es 
reactivity of the c-Ha-ras1 probe lies in the larger of the two ~ 
fragments created: by these digests (Fig. 4c, e). The deduced © 
alignments between the EJ oncogene and the v-Ha-ras and — 
c-Ha-rasl probes are shown at the top of Fig. 4. The direction — 
of transcription, deduced from the results of the present study 
and previous data’®'”, is from right to left on the map. 

Taken together, these results indicate that the EJ bladder 
oncogene is closely linked to the human homologue of the rat 
c-Ha-ras] sequences. Although the limits of the c-Ha-rasl 
structural sequences have been well defined'*’’?°, the corres- 
ponding sequences of the EJ gene have not yet been mapped. 
Thus, the data above cannot exclude the possibility that the 
two genetic elements were adjacent to one another rather than 
congruent. 

















Analysis of transcripts homologous to 
the clones 


The transcripts encoded by these genes were analysed to further 
establish their relationship to one another. We examined the 
RNAs of transfected cells for molecules reactive with the two 
oncogene ‘probes. As shown in Fig. ‘5, the two probes each 
detected transcripts of 1,2 and 5.1 kb in both the parental 
tumour cell line and in EJ- and. T24-transfected mouse cell 
lines (see also ref. 22). These tran tipts were not detected in 
untransfected NIH 3T3 cells. Thus, ‘introduction of the EJ. 
oncogene into mouse cells results in synthesis of RNAs that ` 
are homologous with the rat. c-Ha-rast gene. As discussed ` 
below, these data support a congruency. between the func- 
tionally active. FRPR of the EJ gene and that of the c-ras 
gene. : 











ig. 3 Anata of DNAs from EJ and T24 transfectants using 
the ¢-Ha-ras1 and EJ oncogene probes. DNAs were digested with 

~ endonuclease BamHI (A, C) or EcoRI (B, D} and analysed as 
described in Fig. 1 legend. The filters shown A and B were 
_ incubated with §x10%¢.p.m. of c-Ha-rasl1 DNA probe (2x 
10° c.p.m. pg) and exposed for autoradiography for 16h. The 
adsorbed **P-labelled probe was removed from the filters by 
sbing i in 0. l M eo 0.5 M NaCl, L 0 aM EDTA. The washed 


a, TH 373. b, HeLa; Ly EJ6. l;d, EJ- 2- Ris e, EJ- RS. 

-R4-B; g, EJ-6-1; h, EJ- 6-2-R; i, EJ-6-3; j, EJ-1-2; k, 

-2: 1, T-24 human cells; m, T24-8-5. B and D display 

As from: a, NIH cells; b, HeLa cells; c, EJ-6-2 (Bam)-1 cells: 

; EJ-6-2(Bam)- -2 cells; e, EJ-4(Bam)-1 cells, In A and C, lanes 

-fand h-k represent DNA from cell lines that were derived from 

dependent serial transfections of the EJ tumour cell oncogene; 

ines g and c are duplicates.. Lane 1 contains DNA from human 

der carcinoma cell tine T24. Lane m contains DNA from a 

econdary transfectant of T24. Lanes c-e of B and D show an 

a nalysis of DNAs from tertiary transfectants induced by exposure 
7 to BamHI-cleaved secondary transfectant DNA. 


The: present data strongly suggest an evolutionary homology 
‘between the EJ human bladder carcinoma oncogene and the 
fat c-Ha-ras1 gene. We now consider the experimental basis 
for this conclusion and its implications. 

The relatedness between the EJ and c-Ha-rasl genes was 
= first noted when we demonstrated that a cell acquiring the EJ 
Oncogene also carried a novel DNA fragment reactive with the 
c-Ha-rasi probe. As the linkage between the c-Ha-rasl 
homologous sequence and the EJ oncogene was not broken by 
endonuclease BamHI, we concluded that the two genetic ele- 

nts lay within the same 6.6-kb BamH]I-generated fragment. 
se data alone were consistent with the two elements being 
physically adjacent or congruent with one another. To 
this ambiguity, we analysed the transcripts encoded by 
Benes: The EJ Laon tumour and its derived 


in “cells eed with BamHl-cleaved DNA 


iy Ce that the entire a unit of 


mouse cells are of murine origin. Tn this case, their synthe 
would be induced indirectly in the mouse cells by the acquired 
human oncogene rather than being encoded directly by t 
human gene. We consider this unlikely, as the rat c-Ha-rast 
probe used had a three-fold higher specific radioactivity than 
the human EJ probe, but yielded a 3-4-fold lower signal 
intensity on autoradiography (Fig. 5). This must reflect the 
relatively lower affinity of the rat probe for human transcripts 
present in the EJ transfectants. Thus, we conclude that the two © 
probes both detect RNAs transcribed largely, if not entirely, 
from the human EJ oncogene template. a 
A similar, if not identical, pair of transcripts has been found _ 
by colleagues working with the c-Ha-ras1 gene and its RNAs”. 
As both the EJ and c-Ha-ras1 homologous 5.1-kb transcrip- 
tional units lie within the 6.6-kb BamHI fragment, we conclude 
that the two genes are congruent with one another rather than ` 
adjacent. Consistent with this structural homology is a func- ` 
tional analogy in that both genes are able to induce fibroblast. 
transformation. | 
The ras genes encode proteins of molecular weight 21,000 
(ref. 23). Immunoprecipitation of metabolically labelled lysates 
of transfected cells has detected a protein of this size (R. 
Finkelstein and R.A.W., unpublished observations). However 
the association of this protein with the bladder oncogene wil 
only be well established after its detailed peptide structure ha 
been analysed. Knowledge of the function of this protein ma: 
elucidate the important steps in human bladder carcinogenesis 
This p21 polypeptide represents a strong candidate for 
protein mediating transformation of a human tumour cell. It i 
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Fig. 4 Alignment of c-Ha-rasi and of v-Ha-ras (BS-9) with the _ 
physical map of the EJ oncogene. DNA from the EJ-Charon 4A 
clone p631 was digested with several restriction enzymes. DNA 
(0.5 pg) was loaded onto each lane before electrophoresis and | 
blot transfer. identical nitrocellulose filters were prepared and . 
incubated with **P-labelled DNA of c-Ha-ras1 (lanes a-e) or with 7 
HaSV subclone BS-9 (lanes f-i). 631 DNA was cleaved with 
BamHI (a); BamHI + Sacl (b, f); Sacl+Kpnl (c, g), BamHI + 
Xbal (d, h), Sacl+ Xbal (e, i). The alignment shown is accurat 
to within 200. HGciCOHGes: 
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Fig. 5 Cellular polyadenylated RNAs analysed using pEJ6.6 and 
>: ¢-Ha-ras1 *’P-labelled probes. dn the teft- hand panel, nick-trans- 

i lated c-Ha-ras} DNA 2x10" cp.m. pg h) was used to probe 
RNA isolated from the following cell lines: a, NIH 3T3; b, T24-8-1 
: {a secondary transfectant derived from T24 human cell line); c, 
= EJ-4(R1)-2; d, EJ-6-2; e, EJ human bladder. In the right-hand 
panel, nick-translated pEJ6.6 (6.6 x 10’ c.p.m. pe” ') was used to 
probe the following cell lines:a, EJ; b, EJ-6-2; c, EJ-4(R1)-2; d, 
= T24-8-1; e, NIH 3T3. The polyadenylated RNAs were prepared 
by the technique of Varmus et a/.*”. The RNA was then fraction- 
` ated by electrophoresis through formaldehyde-containing gels and 
transferred to nitrocellulose (B. Seed and D. Goldberg, in prepar- 
ation). ? *Pp-labelled probes, prepared as described i in Fig. 1 legend, 
~ were annealed to the immobilized RNAs*'. Bands which represent 
“sequences homologous to the probes were visualized by 
autoradiography. Molecular weights were determined by com- 
parison with markers obtained from in vitro run-off transcription 
of the adenovirus late promoter™* * and are shown in kilobases. 


one of the first proteins implicated directly in the oncogenic 
nversion of a cell following its transformation by non-viral 
agents, and has been localized at the inner surface of the plasma 
membrane in Harvey sarcoma virus (HaSV)-transformed 
Is**, If this localization applies also to the EJ bladder car- 
cinoma cells, then the transforming protein of these cells, the 
p21, should not display extracellular antigenic determinants. 
this case, any tumour-specific surface antigens displayed by 
the bladder carcinoma cell should be encoded by genetic ele- 
rents other than the oncogene itself. 

The present work has several other implications. Perhaps the 
most apparent is that a single proto-oncogene can be activated 
by different molecular processes. The c-Ha-ras1 oncogene of 
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AS demonstrated in the accompanyi =, the human 
c-Ha-rasl gene is also capable of oncogen cactivation after it 
becomes linked in vitro to retrovirus promoter sequences, The. 
mode of activation of the EJ oncogene is different, but not yet 
understood. Presently evidence suggests that the EJ oncogene 
and its normal human allelic counterpart sequence are indistin- 
guishable by restriction enzyme site mapping. It is possible 
that its activation depends on minor structural alterations, such 
as point mutations. 

The relatedness between the EJ oncogene and that of a 
transforming retrovirus represents an advance in our under- 
standing of the molecular basis of human bladder carcinoma. __ 
This stems from the fact that the structure and function of the = 
ras genes and their gene products have been extensively 
studied 16+18,2-23 

We have been unable to demonstrate other homologies 
between retrovirus onc genes and the transfection-derived 
tumour genes, but this may merely reflect the small repertoire 
of tumour genes presently available in cloned form. As other 
genes become available for study, additional connections will 
probably be found. . 

Two paradoxes seem to be raised by the unexpected associ- 
ation of a rat sarcoma oncogene with a human bladder 
oncogene. First, this work implies the ability of the c-Ha-ras1 
gene to act in unrelated tissue environments. The rat gene, 
when carried in Harvey sarcoma virus, can induce sarcomas. 
and erythroleukaemias”’ while its human counterpart is now ~ 
implicated in the genesis of bladder carcinomas'’'?'*'° We _ 
consider it possible that the ras oncogene of either species is 
capable of transforming a wide range of target tissues, only a 
small portion of which has been studied experimentally. 

Second, we have suggested that the precursor of the EJ 
oncogene, now identified as c-Ha-ras1, represents a preferred 
target for activation during bladder carcinogenesis’®. It seems 
unlikely that the bladder urothelium was the site of acquisition 
of the ras gene during the events that let to the creation of the 
chimaeric HaSV genome. The two routes of oncogene activa- 
tion must involve different molecular mechanisms which prob- 
ably occur at different sites in the organism. Each mode of 
activation may be favoured by different predisposing factors 
present in different tissues. For example, in the bladder, the 
c-Ha-rasl1 gene may be in a configuration particularly suscep- 
tible to mutational activation whereas in certain other tissues 
it may be expressed in a manner favouring the recombinational 
events that lead to creation of chimaeric retroviruses. 

We thank our colleagues for providing the onc probes used 
in this study. This research was supported by US National 
Cancer Institute grants CA17537 and CA26717 to R.A.W. 
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G retroviruses have been isolated from diverse 
g birds, rodents and non-human primates (for 
iew see ref, 1). The in vivo tumorigenicity of these viruses 
_has been correlated with their ability to induce focal transform- 

ation of tissue culture cells. These infected cells are fully trans- 
formed by the criteria of anchorage-independent growth jn vitro 
ind tumorigenicity in animals. As viral DNA genomes and 

nomic viral DNA fragments can induce similar trans- 
1 in mouse NIH 373 fibroblasts™?, this assay has been 
define the viral sequences. required for focal transform- 
components. are essential: the viral transforming 
ie (v-onc) and the viral long terminal repeat (LTR), a 
oe element which permits transcription of the v-onc 
More than ten v-one genes have been described, each of 
hich has been found to be transduced from a closely related, 
olutionarily conserved, cellular oncogene (collectively called 
c-onc; reviewed in ref. 6), Using v-onc DNAs as probes and 
antibodies directed against v-onc-specified proteins, RNA and 
protein expression of some c-onc genes has been detected in 
normal cells. However, the level of v-onc expression in virally 
transformed cells is usually higher than that of c-onc expression 
in normal cells, suggesting that elevated levels of c-onc gene 
(pression might induce oncogenic transformation. This predic- 
on has recently been proven at least for two rodent c-onc 
genes: c-mos’*, the mouse sequences from which v-mos of 
Moloney murine sarcoma virus (Mo-MuSV) was derived, and 
- e-Ha-ras! (ref. 9), a rat gene closely related to the transforming 
gene (v-Ha-ras) of the rat-derived Harvey (Ha) MuSV. The 
~~ gene product of v-Ha-ras is a protein (p21) of molecular weight 

21,000 (p21), and low levels of an immunologically cross- 
-> reacting non-viral p21 have been found in normal cells from 
= various vertebrate species’. While v-Ha-ras contains no inter- 
<o vening sequences (IVS) within the p21 coding sequences, rat 
» .€-Ha-rasi has three IVS between its four exons. In contrast to 
_ most other c-onc genes, mouse c-mos does not contain interven- 
_ ing sequences, and transcription of this gene in normal cells 
_has not been observed*''. Nonetheless, both rat c-Ha-ras1 and 
¢-mos DNAs were capable of inducing cellular trans- 
ion of mouse NIH 3T3 cells, provided that a viral LTR 
ated upstream from the cellular onc gene. Transform- 
ciated with high RNA levels of c-Ha-ras or c-mos, 
ind in the case of c-Ha-ras, high levels of p21. 
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A normal human gene homologous to the p21 ras oncogene of Harvey murine sarcoma virus induced oncogenic 
ransformation and high p21 ras levels in murine fibroblasts when this gene was ligated to a control element (the long 
erminal repeat) from a murine or feline retrovirus. These results indicate that high levels of a gene product encoded by 
norn al iman oncogene can induce tumorigenic transformation. 










































Given the svona conservation of EE r c 
13), we have sought to determine whether its counterp: 
normal human cells has oncogenic potential similar to th 
rat c-~Ha-rasl. If the rat and human genes behaved simila 
it would suggest that the capacity of this oncogene to indu 
transformation was a property of this gene in any species. As 
part of our studies of ras genes, we have recently detected and 
cloned from normal human DNA four genes which share 
homology with v-ras**, The ras sequence in one of these humat 
genes (called human c-Ha-ras1) was closely related to v-Ha- 3 
and had a structure very similar to that of rat c-Ha-ras1. We 
have now found that this human. gene can induce Oncogen 
transformation of NIH 3T3 cells” when an LTR is pres 
upstream. The transformants form tumours in nude mice 





€ P21 









Fig. 1 Immunoprecipitation of endogenous p21 from normal _ 
human. cells. WI-38 human fibroblasts were metabolically labelled. — 
with *°S-methionine for 18 h and lysates were prepared and _ 
immunoprecipitated (5 x 10° c. p.m. of TCA-précipitable counts) — 
by a monoclonal antibody as described elsewhere!**5, Dissolved 
immunoprecipitates were then electrophoresed on a 10. 5% SDS- 
polyacrylamide gel. Lane 1, anti-a-tubulin antibody; lane 2, v-H 
ras p21-specific antibody (Y13-238). This monoclonal ant 

was also used i in Figs 4, De : 
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3 Fig. 2 Schematic representation of the construction of the Ha-MuSV_ 
“LTR-human c-Ha-ras] recombinant. To ligate an LTR upstream from the ; 
human ¢-Ha-rasl gene, we constructed a chimaeric recombinant plasmid | 
between the 2.9-kb Sacl fragment of human c-Ha-ras] and a pBR322_ 
clone which already contained the Ha-MuSV LTR. This Saci fragment 
“contains all the c-Ha-ras1 sequences which hybridized to v-Ha-ras'*. The. 
pBR322 LTR clone chosen for this construction (clone P-14) contains a- 
2.5-kb HindllI/ BamHI fragment of Ha-MuSV DNA; these sequences, | 
which are derived from a circularly permuted molecule of Ha-MuSV"8, 
span the region from a Hindit site in the 3’ end of the Ha-MuSV DNA 
to the LTR and include 0.3 kb of 5’ sequences beyond it to a BamHI site; 
they do not include v-Ha-ras sequences. To facilitate insertion of the 
-¢-Ha-ras1 Sacl fragment at the unique BamHI site in clone P-14, an attempt 
-was made, as shown in the figure, to add BamHI oligonucleotide linkers - 
` {Collaborative Research) to the SacI ends, after the termini were made 
flush with DNA polymerase I (Klenow). This change in the ends of the 
2.9-kb c-Ha-ras1 fragment was, however, apparently not achieved because 
-i when DNAs from two clones (6-2 and 6-9) which hybridized to a Ha-ras- 
- probe were analysed, they contained deletions around the inserted sites as. 
shown in the inner circular DNA at the bottom of the figure, instead of 
the predicted BamHI insert shown in the outer circular DNA. There was 
also a deletion in the 3’ sequence of the Ha-MuSV DNA upstream from 
the LTR. The deletions were 1.4 kb in the 3’ sequences of Ha-MuSV DNA, 
0.3kb at the junction between the Ha-MuSV and human c-Ha-rasi 
. sequences, and 1.8 kb at the junction between pBR322 and human c-Ha- 
rasi; 1.7kb of this latter deletion was contained in pBR322 sequences. 
Despite these deletions, the viral LTR and the region of c-Ha-ras! 
homologous to v-Ha-ras were both intact and joined in a single cloned 
molecule. pBR322 DNA is represented by solid shading, Ha-MuSV DNA. 
by diagonal shading, and human c-Ha-rasi DNA by cross-hatching. The 
open rectangles in c-Ha-rasl, which is shown left-to-right in the 5’=3’ 
orientation, represent the exons in the gene. 




















contain high levels of a p21 which is similar to that enhed 
by the rat gene. 


Normal human cells contain low levels of p21 


We have recently reported that p21 ras isa gene family which 
~ consists of at least two prototypic gene types’*: those closely 
related to ras of Ha-MuSV (Ha-ras) and those closely related 
to ras of Kirsten (Ki) MuSV. Ki-MuSV is a rat-derived virus 
whose v-ras encodes a p21 which is immunologically related 
to the Harvey p21. OF ‘fhe: four human ras Eenes we have 









` other ‘human re tas genes are more ck 


- rodent fibroblasts have recently been found to be predominantly . 


|; ted to v-Ki- -ras, | 






and one is distantly related to v-Ha-ras. © cae 

Because p21 ras is a gene family consisting of atleast Harvey 
and Kirsten type genes, it is not clear which of these genes 
encode the low p21 levels detected in normal cells. The p21 in 





of the Kirsten type'*. This analysis was made possible by the. 
isolation of a panel of eight monoclonal antibodies to v-Ha-ras - 
p21 (ref. 15), the specificities of which have been defined: by 
the viral forms of p21: some recognize Harvey viral p21 but 
not Kirsten viral p21, whereas others detect both the Harvey < 
and Kirsten forms of p21. In rodents, the type specificity of __ 
these monoclonal antibodies apparently also extends to p21 
species encoded by Harvey and Kirsten type c-ras genes mee 
To determine whether human cells contain Harvey type p21, 
as defined above by the monoclonal antibodies, *°S-methionine- 
labelled extracts of normal human diploid fibroblasts (WI-38 
cells) were immunoprecipitated with a v-Ha-ras Sear erage A 
monoclonal antibody. In contrast to rodent fibroblasts, a 
distinct 21K band was detected with this antibody (Fig. 1). This 
result suggests that these human cells contain significant levels => 
of Ha-ras p21. ste 


LTR activation of human c-Ha-rasl 
transforming activity 


The two previously cloned c-onc retroviral homologues, mouse 
c-mos and rat c-Ha-rasl, which have been shown to possess 
oncogenic potential, were both inactive by themselves when ` 
assayed for their ability to transform NIH 3T3 cells’’. To- 

demonstrate their capacity to induce morphological transforma- 
tion, it was necessary to ligate a viral LTR upstream from the 
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Fig.3 Transformation induced by the normal Harvey ras oncogene. DNAs.) 
were precipitated with calcium chloride’? and 0.2 ml was added to. 35-mm 
dishes seeded on the previous day with 2.25 x 10° NIH 373 cells: Calf =o - 
thymus DNA (25 ugm?) was used as carrier. Each DNA insert shown) o 
was cloned ia pBR322: 0:1 or 0.2 pg of insert DNA was used per dish.” 
The DNAs were added without digestion by a restriction endonuclease, 
The cells were treated as described elsewhere’, except that DM50 was not 
used. Foci were counted.16 days later. The viral LTR is represented by an 
open rectangié,; v-Ha-ras by a solid rectangle, and the exons of c-Ha-ras1 
idefined by their. homology to v-Ha-ras) by cross-hatched rectangles. Ha- 

_ MuSV DNA was genomic clone H-1, which is a 5.4-kb circularly permuted 

- copy of the viral DNA genome**’; Ha-MuSV LTR DNA was clone P-14, > 

described in Fig. 2 legend; human c-Ha-rasl DNA contained the 2.9- kb a 
Sacl fragment also described in Fig, 2- legend. In other experiments, a 
6.6-kb BamHI fragment of c-Ha-ras1 which contained this 2.9-kb Sacl 
fragment alsc failed to induce foci. Ha-MuSV LTR-human c-Ha-ras1 DNA 
was clone 6-2 (clone 6-9: pave similar results in: other experiments) described — 
in Fig. 2 legend. Ha-MuSV LTR-rat c-Ha-rasl DNA was clone P-14 into 
which a 2.3-kb fragment of rat c-Ha-rasi had been inserted (by M. Haiken, = 
R. Ellis and E.H.C.) at the BamHI site. This 2.3-kb fragment of rat 
¢-Ha-rasl extends from EcoRI to Xbal in clone LHBE?; these sites were 
converted {by R Ellis) to BamHI by adding: oligonucleotide linkers and 

site in n aaa (this J; latte clone is called LXBE). 































Fig: 4° Detection by 
ooo dimnunofluorescent staining 
~< Of palin NLH 3T3 cells trans- 
> formed by Harvey v-ras and 
ras genes; tumour forma- 
lon of- human cavas trans- 
formants. a-e, NIH 3T3 cells 
nd derivatives transformed 
by “Harvey v-ras or c-ras 
genes were tested for expres- 
son of p21 by indirect 
oo Ammiunofluorescent staining 
cowith a monoclonal antibody 
specific for Harvey ras p21: 
a, NIH 3T3 cells: à clonal 
line transformed by Ha- 
MuSV {viral non-producer 
Ha8213; e, clonal line trans- 
formed by rat c-Ha-rasl] 
ligated to LTR of Ha-MuSV 

oo 9; dad, focus of cells trans- 
oo Termed by human c-Ha-ras] 
-ligated to LTR of Ha-MuSV 

ooo Wlone6-2), e, focus of 
©. cells transformed by human 
2 ¢-Ha-rasl ligated to. LTR of 
> FeSV. Trypsinized cells were 
grown on 8-spot printed glass slides (Roboz Surgical) pretreated with 0.1% gelatin, for 18 h at 37°C in Dulbecco's modified essential medium i DMEM) + 10: i ee 

fetal calf serum. After washing with phosphate-bufered saline (PBS), the cells were fixed by incubation at 25°C for 10 min in 2.7% formaidehyde in PBS, 

followed by incubation in absolute methanol at ~10°C for 4 min. The slides were rinsed briefly in acetone (~10°C) and air-dried. The fixed celis were incubated 
at 37°C for 45 min with monoclonal antibody Y13-238 (ref. 15). The antibody was concentrated and partially purified from culture supernatants of cells grown 
in serum-free medium, and was used at a final concentration of ~20 gmi’ in PBS with 0.4% (w/v) bovine serum albumin (BSA). After washing with PBS, - 

the cells were incubated at 37°C for 45 min with rhodamine-labelled antibodies against rat IgG, prepared in goats (Cappel Laboratories}. The fluorescent 
antibody was affinity-purified on a column of rat IgG by Dr Jurgen Wheland, NCI, and was used at a concentration of 125 awe ml! in PBS with 0.4% BSA. 
The slides were washed extensively with PBS, mounted under coverslips (no. 1) with Elvanol (DuPont, and observed using a Zeiss microscope equipped with 
epifluorescent optics, The cells were photographed under UV light using a X40 Planapochromat objective. Photographs were matched for times of exposure 
and development, except that the development time for a was reduced to enhance the low level of background staining; at matched development this panel 
would be completely black. Controls of normal and transformed cells stained after incubation with normal rat serum or irrelevant monoclonal antibodies are 
_-tndistinguishable from a (data not shown). Final magnification is x 105, f, On the left is a nude mouse showing no-evidence of a tumour, 3 weeks after subcutaneous 
Hation with 2 x 10° NIH 3T3 cells; on the right is a nude mouse having a large tumour at the site where the mouse was inoculated 3 weeks previously with i 
cells from a focus transformed by clone 6-2 (human c-Ha-rasl ligated to the LTR of Ha-MuSV). In this experiment none of five mice inoculated with: 
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end of the gene. Similarly, attempts to induce cellular trans- 
Ormation with the human c-ras genes without an LTR have 
been unsuccessful. In our initial attempts to transform cells 
~ with the c-ras genes, we have focused on human c-Ha-ras], 
_ which preliminary molecular hybridization data have suggested 
_ is transcriptionally active in normal human fibroblasts (E.H.C. 
et al., unpublished data). 
| We therefore constructed a chimaeric plasmid containing the 
_. LTR of Ha-MuSV upstream from human c-Ha-rasi (see Fig. 
t 2). This chimaeric DNA induced focal transformation of NIH 
| < 313 cells in all of four separate experiments. While the foci 
induced by Ha-MuSV DNA were usually first detected about 
seven days after addition of the DNA to the cells, the foci 
_ induced by human c-Ha-ras1 were generally detected about 
nine days after addition of the DNA; this short delay has also 
been observed for rat c-Ha-ras1. The results of a typical experi- 
ment are shown in Fig. 3. The number of foci induced by a 
chimaeric plasmid containing an LTR upstream from rat 
c-Ha-rasi was an order of magnitude lower than that induced 
by a circularly permuted full-length Ha-MuSV DNA genome. 
The clone containing human c-Ha-ras1 induced only about one- 
fifth as many foci as did the rat c-Ha-ras1 clone. The higher 
-efficiency of transformation by the chimaeric plasmid containin g 
vat c-Ha-ras1 may be due to the fact that it carries almost 
2 kilobases (kb) more non-ras Ha-MuSV sequences upstream 
from the LTR than were present in the chimaeric plasmid with 
uman c-Ha-ras1; deletion of these sequences has previously 
n associated with a lower efficiency of transformation by 
a-MuSV DNA®*’”. In further experiments, three independent 
were also obtained in the NIH 3T3 cells when the human 
Ha-rasl fragment (a 2.9)-kb SacI fragment’*) was ligated 
vithout cloning to a 1.4-kb SacI fragment which contained the 
oned L R of the Gardner—Arnstein strain of feline sarcoma 


v) . ae 


















NIH 373 cells developed tumours after 10 weeks, whereas all of five mice inoculated with cells from the lines shown in b-e developed palpable tumours - 


In addition to being phenotypically transformed, the cells 
transformed by human or rat c-Ha-rasl] were also tumorigenic. 
for nude mice: palpable tumours developed in less than two- 
weeks in mice inoculated with 5x10° transformed cells, 
whereas no tumours were evident in the 10 weeks following 
inoculation with 2 x 10° control cells (see Fig. 4f). 


Human gene transformants contain the LTR 


and human c-Ha-ras1 
To determine the presence of the cloned DNA in the trans- 
formed NIH 3T3 cells, genomic DNA from transformants 

was analysed for the presence of LTR and human c-Ha-ras1 
sequences. Genomic DNAs were digested with restriction 
endonuclease, and fragments were fractionated by agarose gel. 
electrophoresis, transferred to nitrocellulose paper, and 
hybridized with **P-labelled LTR and human c-Ha-ras1 probes 
(Fig. 5). Hybridization to the ras probe of EcoRI-digested 
genomic DNA from a transformant yielded two major new © 
fragments of 7.6 and 5.8 kb (Fig. 5a, lane 3)—this indicated 
that the transformant contained additional ras sequences. These 
new fragments were presumably human c-Ha-ras1, since at the 
exposure in the autoradiogram shown in Fig. 5, the probe 
detected the 25-kb EcoRI fragment in human genomic DNA 
previously identified as containing c-Ha-rasl (ref. 13; Fig. 5a, 
lane 1) and did not reveal endogenous mouse ras fragments in 
the NIH 3T3 cells (Fig. Sa, lane 2). The LTR was presumptively 
identified as being linked to both of these fragments, as hybridiz« 
ation of EcoRI-digested DNA from the transformant to the 
LTR probe detected, in addition to multiple copies of 
endogenous LTR fragments, two novel fragments which co- 
migrated with the two fragments identified using the ras probe 
(Fig. 5b). The 5.8-kb EcoRI] fragment is similar in size to the 
input cloned DNA, suggesting that some of the copies mig 
still be intact circular episomes or integrated in tandem. 
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» Fig. § Southern blot analysis of restriction endonuclease-digested high- 
' molecular weight cellular DNA. Restriction endonuclease-digested genomic 
. DNA was electrophoresed in 0.6% agarose gels, transferred to nitracel- 
` lulose filters, and hybridized to c-Ha-ras or LTR **P-labelled probes in 
4x SSC, 0.2% of Escherichia coli, BSA, PVP, 0.1% SDS and 50 pg yl"! 
- of low-molecular weight salmon testes DNA at 65 °C for 36-48 h (ref. 37). 
< Filters were then washed in 0.1xSSC and 0.1% SDS for 1h with four 
_ changes and in 0.1 x SSC for 1 h with two changes at 65°C. a, b, All lanes 
- contain EcoRI-digested genomic DNAs; c, d, all lanes contain EcoRI/ Bgil- 
- digested genomic DNAs. For each panel, lane 1 is human placenta; lane 
2, NIH 3173; lane 3, 6-2 clone (LTR-human c-Ha-ras1}-transformed 
-© NIH/3T3. The **P-labelled probes used for hybridization were: human 
«, t-Ha-rasl, Sacl-Sacl 2.9-kb insert for a and c; Ha-MuSV LTR 0.65-kb 
insert for b and d. The schematic drawing at the bottom represents the 
< linear molecule resulting from EcoRI digestion of the chimaeric plasmid 
` 6-2 or 6-9, described in Fig. 2 legend. Ha-MuSV (non-ras} sequences are 
indicated by shading with diagonal lines, human c-Ha-rasl sequences by 
-= eross-hatching, and pBR322 sequences by solid shading. Open rectangles 
i in c-Ha-rasl represent exons. 


_ The linkage of the LTR and human c-Ha-ras1 sequences in 
the DNA of the transformants was confirmed by EcoRI + Bgll 
-digestion of the genomic DNAs. This double digestion cleaves 
_ the pBR-LTR~human c-Ha-ras1 cloned DNA into three frag- 
“ments: a 1.8-kb fragment containing LTR and some ras 
“sequences, a 0.4-kb ras-containing fragment, and a 3.6-kb 
= fragment which includes ras and pBR sequences (see schematic 

. drawing in lower part of Fig. 5), The 1.8-kb fragment was 
_ detected with the LTR and the ras probes (Fig. 5c, d, lane 3), 
<; indicating that the LTR and ras fragments were linked to each 

other. The predicted 3.6-kb fragment was also easily detected 
‘with the ras probe, and the 0.4-kb fragment, not seen at this 
exposure, was detected in longer autoradiographic exposures. 
hese results indicate that the cloned DNA is intact in the 
‘ansformed cells. Similar results have also been obtained with 
enomic DNA from two other foci induced by the cloned DNA 
data not shown). | 


Transformed cells contain high levels of 

- Ha-ras p21 | 
Having demonstrated that the LTR and c-ras sequences were 
intact, it was important to determine that the transformed cells 
contained high levels of Harvey type p21. Immunofluorescent 
staining of the transformants with a Harvey-specific monoclonal 
: p21 antibody yielded positive results (Fig. 4). While the normal 


transformed by v-Ha-ras, rat c-Ha-ras1 and 









(with FeSV or Ha-MuSV LTR) all gave a similar pattern of > 
intense staining consistent with the membrane fluorescence =: 
previously reported for v-Ha-ras-transformed cells’”. | 

The transformants were also analysed by immunoprecipita- 
tion for Ha-ras p21. When **°S-methionine-labelled extracts of 
the transformants were reacted with a Harvey p21 monoclonal `- 
antibody, high levels of p21 were precipitated (Fig. 6). This oe 
was observed both for cells transformed by the chimaeric Ha- © 
MuSV LTR-human c-Ha-ras] plasmid and for a transformant 
induced by ligation of the FeSV LTR to human c-Ha-rasi. The 
p21 in the cells transformed by the human gene resembled that 
obtained from cells transformed by rat c-Ha-rasl. While the 
p21 encoded by v-Ha-ras consists of two forms, as shown by _ 
the double band in the autoradiogram (Fig. 6b), the p21 of the — 
cells transformed by either c-Ha-ras1 gene contain only a single 
detectable form of p21. Further details on the biochemical 
comparison of v-ras p21 and c-ras p21 will be published 
elsewhere. 


Significance of c-Ha-ras-induced 

transformation 7 
The ras multigene family consists of at least two types of p21. 
genes that were first identified with ras probes derived from 
Harvey and Kirsten murine sarcoma viruses. Two other trans- 
forming retroviruses have also transduced c-ras sequences: the 
BALB (B) MuSV, isolated from a BALB mouse*”*’, and the — 
rat MuSV, isolated from rat cells in tissue culture****. These 
two viruses have both transduced a Harvey type c-ras — 
gene'*?!3_ While the oncogenic potential of the LTR-activated 
cloned c-ras genes have been demonstrated here only for NIH 
3T3 cells, the ras-containing retroviruses can transform a wide 
variety of other cell types from humans and other species, 
including primary and epithelial cells. 

Previous studies have shown that two rodent c-onc genes. 
homologous to v-onc from a transforming retrovirus can induce 
oncogenic transformation, when activated by a retroviral LTR 
leading to their high level expression, The present studies. 
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Fig. 6 Gel electrophoresis of immunoprecipitates of p21 in normal c-Ha- 
rasi-transfected NIH/3T3 cells. Cells were labelled with **S-methionine 
at 37°C for 16h and extracts were prepared and immunoprecipitated as 
described elsewhere'***, Lane 1, no antibody; lane 2, anti-Harvey p21 
monoclonal antibody (¥13-238). a, Uninfected NIH/3T3 cells, b, Ha- 
MuSV-transformed cells (Ha 821); c, rat c-Ha-rasi-transformed cells. d-f, 
Human c-Ha-rasl-transformed cells: d, ligated to FeSV LTR; e, clone 6-2: 
fi clone 6-9, 







: has not yet been isolated. These results 
it such transformation may be a general feature of 
genes. It should also be stressed that these rodent 
iman genes have been cloned from normal cellular DNA, 
y have not by themselves induced focal transformation 
H 3T3 cells. 
Jiven the tumorigenic properties of these activated normal 
genes, it seems reasonable to speculate that other cellular 
oncogenes may possess analogous tumorigenic potential, and 
iat normal transcriptional control mechanisms prevent these 
genes from being continuously expressed at high levels. These 
and other examples of LTR-mediated activation of a cellular 
Oncogene”? suggest that a constitutive change in the tran- 
> scriptional control of an oncogene could represent an important 
_ © mechanism in the pathogenesis of some cancers. Such changes 
» iM oncogene expression might be induced either by viral or 
other mechanisms, such as somatic mutation or recombination. 
In this regard, it has recently been reported that, in contrast 
to the very low transforming potential of genomic DNA from 
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The observed abundance of lithium in population I stars (young 
stars)’ seems to have been stable during the past 5 x 10° yr (ref. 
_ 2). This stability has been used previously'” to estimate the 
_ abundance of lithium at the time of formation of the Galaxy 
and at pre-galactic times’’. But because the basis for this 
-estimate was not completely satisfactory, we have made new 
observations, aiming at a better determination of the lithium 
_ abundance at the time of formation of the Galaxy. The newly 
__ observed stars are extreme population II dwarfs ( very old, very 
tal-poor stars). Their lithium abundance turned out to be 
icantly lower than the abundance in population I stars. If 
ittributed to the big bang, this lithium abundance suggests a 
low baryonic density of the Universe, which in turn 
nder some assumptions, an open Universe’. Finally, 
he good agreement between the abundance 
d the deuterium "H abundance’ supports the standard 
the big bang. 
ow Canadian, French, Hawaian (CHF) 3.6-m telescope‘ 
ge collecting area, excellent seeing conditions and 




















an c-onc, a species from which a 






H dwarfs is very small; however, the abundance of lit 









al cells, genomic DNA from some human malignanci 
_ able by itself to induce oncogenic transformation of NIH 3 

cells”, These transforming sequences from a bladder ca 

cinoma have recently been molecularly cloned and hav 
retained their oncogenicity””**. As reported in the accompany- 
ing paper””, this cloned gene has now been identified as human 
c-Ha-rasil. Similar observations have also been made by- 
others****, Because the normal c-Ha-ras1 gene and the human 
tumour c-Ha-rasl1 gene are now available, it should be possible 
to localize the alterations in the normal gene that are responsible. : 
for the dramatic change in biological activity of the gene isolated 
from the bladder tumour. This analysis may help to elucidate _ 
the molecular basis of neoplastic transformation in a human 
cancer, ved 
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the sensitivity of its Reticon receiver has made it possible to 
observe the lithium resonance line’ in dwarf stars of the extreme 
population H, often called halo dwarfs (typical representative | 
of the halo of the Galaxy). These stars are very old and their- 
metal deficiency reflects the lack of metals at the time of their 
formation. They are faint and the lithium line is narrow and 
faint in such stars, so that its measurement requires high resol- 
ution spectra with a high signal-to-noise ratio. Good spectra 
were obtained for a few of these stars and lines as faint as 3 mA 
can be detected. A comparatively strong lithium line (23e 05 
50 mA) was observed** in all except the coolest star, This- 
absence of lithium is easily understood when it is recalled that ‘i 
the convective zone is very deep in cool stars: the lithium is” 
then driven down into very hot layers, where it is completely 
destroyed by proton fusion’. 

From the measured wavelength of the observed lithium line 
it seems that the absorbing species is essentially the ‘Li isotope, 

A classical spectrum analysis using model atmospheres has- 
been carried out to determine the abundance of lithium fot. 
each star. The high quality of the spectra means that the error 
on the equivalent widths is negligible. The random error in’ 
determination of the lithium abundance (n,,) comes essentially 
from the lack of precision about the effective temperature {Toa} 
of the stars. For this type of stars it is generally admitted that. 
Alog Tes = 0.01. If log Tea is increased by 0.01, then log ny, 
will be increased by about 0.2 (Fig. 1). sE 

Clearly, the present sample of Li abundances in popula 
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Fig. 1 Lithium abundance plotted against effective temperature 
(logarithmic scale) for very old metal-poor stars. The lithium 
abundance is remarkably constant except for the coolest star: 
here, deep convective movements carry the lithium into very hot 
layers where it is completely destroyed. 


remarkably constant in all the observed halo dwarfs but the 


bundance’. 


hose velocity, 
igh, so that the accretion process is inefficient 
_ The lithium observed in the halo dwarfs has its origin in the 
lithium existing in the material which formed these stars. The 
abundance of lithium found in the atmosphere of the star should 
not be very different from the abundance in this material. 
Admittedly, several causes of depletion of lithium may exist: 
some lithium may be destroyed during the contraction of the 
rotostellar cloud”'? (pre-main sequence phase); microscopic 
nd/or turbulent diffusion (acting during the very long life in 
he main sequence of these very old stars) could deplete the 
thium’*; the stellar mass-loss acting over a long time could 
lso cause depletion (H. Reeves, personal communication). All 
hese effects are not yet well known for halo stars; moreover, 
t first sight it could be conjectured that they are mass (and/or 
temperature) dependent; this was confirmed by other observa- 
tions, and the constancy of the lithium abundance suggests that 
these processes are not very efficient. Keeping in mind the 
causes of uncertainty, let us assume that N,;= 107'" Ny is the 
abundance of the material which formed the halo dwarfs. This 
abundance cannot be significantly different from the abundance 
of the pre-galactic material: admittedly, the atmosphere of the 
‘halo dwarfs includes some material processed in supernovae, 
this material, when astrated, was on the one hand deprived of 
jts lithium, and on the other hand strongly enriched in metals. 
As the halo dwarfs are metal poor, only a very small fraction 
_of the astrated material can have been mixed in the pre-galactic 
material; the lithium abundance seems constant within rather 
wide limits of metal abundance (1/ 20~-1/200 of the solar metal 
bundance). It seems therefore that we can take the lithium 
abundance of the atmospheres of the halo dwarfs as the abund- 
„ance of the pre-galactic material. 
© Evaluated by mass, this pre-galactic lithium abundance is 
X>=5.2x107'° (assuming a helium abundance Y =0.25 by 
mass). If attributed to the big bang, this abundance leads“, 
according to the standard theory, to a rather low baryonic 
density of the Universe (Fig. 2) lower than the density previously 
derived by Boesgaard’ and by Austin and King’. The density 
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-coolest one (Fig. 1). This constancy versus the effective tem- | 
¿perature Tea of the stars is also a measure of constancy versus — 
the mass of these essentially unevolved stars. If confirmed by - 
more observations, this suggests that lithium is not destroyed | 
by convection in solar type stars of population II, at variance - 
ith what is assumed“ in population I stars. Taking advantage © 
this constancy, it is easy to show that the lithium abundance — 
lative to hydrogen) in the atmospheres of old halo dwarfs is _ 
/Ny=10°'°—about 10 times less than the population I _ 


This lithium is not expected to come from the inside of the | 
star: nucleosynthesis of lithium has been predicted only for 7 
stars in a much more advanced stage of evolution”. Nor is the — 
Li expected to come from outside: most of these are stars — 
relative to population I interstellar clouds, is — 


found remains, however, in agreement with that derived from. f 


-For an easier comparison with the work of Austin and Kit 





ın easier comparison with the work of Aus ing, oo 
the Hubble constant retained was Hy = 55 kms’ Mpc’. ” a fe 

The error of the primordial lithium abundance determination = 
may be estimated as follows. a 


(1) The classical abundance analysis, using models of atmos- 
pheres, with a few simplifying assumptions (such as local 
thermodynamical equilibrium), may induce an error as high as 
a factor of 2 (about 10°° or 0.3 dex). However, the systematic 
part of this error is about the same for populations | and II, so 
that it cancels out, at least partly, when comparing relative 
abundance in populations I and I]. When using several stars, 
the random part of the error decreases accordingly, even when 
adopting the parameters T.a and g as they appear in the 
literature (without homogenization). 

(2) There is some uncertainty about the possible depletion 
of lithium, owing to the possible proto-stellar destruction 
and/or depletion due to diffusion, and/or lithium depletion due 
to stellar wind. This uncertainty is difficult to estimate. We can 


adopt, as an upper limit, a factor of ~3 (0.5 dex), because -a 
Duncan? and Bodenheimer’? predict only a factor of 2 for ~~ 


proto-stellar destruction for solar type stars. 

Thus taking account of the cumulated errors, the final uncer- 
tainty about the difference between the lithium abundance in 
populations I and II is probably less than a factor of 6 (0.8 dex); 
so that we have to accept that the abundance of lithium is 
probably lower in population II than in population I. 


It seems that the evolution of the Galaxy has not significantly we, 
decreased the abundance of the primordial lithium’; as lithium 
is destroyed inside stars and stellar envelopes, a lithium- 
producing process must be found. Spallation is only partially = 


responsible for this production’; a promising possibility is 
production in novae’®. | 
Even considering the uncertainties involved in the interpreta- 
tion of the lithium abundance in halo dwarfs, our work provides 
a clear demonstration that the Universe cannot be closed by 
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Fig. 2 The new lithium abundance X; found in this work leads 
to a rather low baryonic density, in agreement (within determina- 
tion errors) with that derived from deuterium abundance. The 
values of the Hubbie constant is the same as in ref. 3. If the 
cosmological constant A is assumed to be zero, this leads, more 
clearly than in previous work, to the conclusion that the baryonic 
density is not large enough to close the Universe. 






















0). This Palen remains Pi tenants hen compared 
nodel of Yang ef al”, which has three pairs of 
wh? = 2x 10°). More observations, a better theory 
stellar and stellar convection, a better theory of 
and a better theory of stellar wind are needed to 
in a more accurate value of the primordial lithium abun- 
ice. However, even within the present uncertainty, some 
agreement exists between the baryonic density predicted from 
lithium and deuterium abundances, and when confirmed, this 
| agreement will support the validity of the standard model of 
the big bang. 
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= with tape decoding. 
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ervations are reported here which show that the 5-min 
‘illations in a sunspot umbra actually split into several 
ndividual ı modes of different period. We interpret these modes 
f oscillation as the response of the sunspot to forcing by the 
a 5-min p-modes in the surrounding quiet atmosphere. Also, we 
-show how detailed observations of the multiple 5-min modes 
-ih a sunspot may be used as a probe of the structure of a sunspot 
beneath the solar surface. 
~. Oscillatory velocity fields in sunspots may be divided into 
-two categories. The first category consists of the umbral oscilla- 
“tions (period 145-190s) and the running penumbral waves 
(period 180-250 s). Observations suggest that these waves are 
resonant modes (see refs 1, 2), and theoretical work’ has 
dentified these waves with resonant magneto-atmospheric 
en odes of the sunspot atmosphere itself. These waves, 
resumably excited by subsurface oscillatory convec- 
direct evidence of the existence of overstable 
odes in the subphotosphere. 
category of oscillations in sunspots consists of 
h periods around 5 min, the dominant period of 
s in the quiet photosphere. Recent observations*”'° 
ie the problems of stray light from the surrounding 












-photosphere and the lack of ; 












and have confirmed the existence of 5-min. oscillations in 
spot umbras, at power levels well below that in. the 
photosphere. As there are no resonant modes of sunspot osc 
tions in the 5-min range, we have suggested?’ that these 5-1 
oscillations represent the passive response of the sunspot 
forcing by the 5-min p-mode oscillations in the surroundir 
gas. It is now well established that the 5-min oscillations in tt 
quiet photosphere actually consist of several modes of oscilla- 
tion, in the form of acoustic waves trapped in the upper convec- 
tion zone (p-modes)'*. These p-modes include a wide range of 
horizontal wavelengths with a moderate variation of frequency. a 
It is expected that the geometry of the sunspot and the nature 
of the coupling between the acoustic waves and the sunspot 
flux tube will act as a filter, with only certain p-modes forcing — 
the sunspot with observable amplitude. = 
The present observations were made as part of a large pro- 
gramme to study dynamical phenomena in sunspots, using the 
vacuum tower telescope and Echelle spectrograph at 
Sacramento Peak Observatory. Here we show only the results 
of two high-quality time series of velocity oscillations in the 
umbral photosphere measured in the spectral line Fe 1A6 302: 
The velocity was measured from photographic spectra us 
the Doppler shift of the magnetic V profile of the line, t 
assuring that the origin of the signal i is from within the si 
and not due to seattered light. Also, a nearby telluric lin } 
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Fig. 1 The mean power spectrum of line-of-sight motions in the. . 
umbral photosphere for two runs: 18 August 1980 (A) and 21 
August 1980 (B). The peaks have the following periods, A: a; 
353468; b, 301448; c, 263438; d, 2135s; B: a, 366465; b; 
301 +4s;c,269+ 4 s;d, 197 4s. Peaks a, b ande are en 
as representing the response of the sunspot to indivi l 

oscillations in the surrounding atmosp! 
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Fig. 2. Highly refined diagnostic diagram for the solar p-modes, 
due to Deubner er al. e showing contours of power on the 
_ frequency-horizontal wavenumber plane. Lines corresponding to 
‘the nominal periods of umbral oscillation near 5 min (360s, 300s 
-and 265s) are drawn to determine their points of intersection 
with p-modes of different radial mode number n (also shown). 


was used as a wavelength reference, thus avoiding the 


ngers inherent in using a photospheric line as a velocity 
ference: — | 
Figure 1 shows the mean power spectrum of the velocity field 
or the portion of the umbra covered by the entrance slit, for 
ach of two runs (18 and 21 August 1980). Each power spec- 
rum has three conspicuous peaks clustered around a 5-min 
„period. Given the frequency resolution of our observations, the 
-periods of these three peaks for both runs are consistent with 
‘nominal values of 265 s, 300s and 360 s. Another conspicuous 
peak near 200s in both runs is more likely to be associated 
with a resonant mode of the sunspot itself. The greater power 
n the peaks on 21 August, when the sunspot crossed the central 
eridian of the Sun, indicates that the velocity is predominantly 
rtical in the photosphere, The total power at periods near 
§ min implies an r.m.s. vertical velocity of ~30ms”’ 
umbra, at least a factor of five smaller than for the 5-min 
cillation in the quiet photosphere. : 
~ Because of the limited temporal and spatial extent of the 
data (70-min time series with a 20-s sampling interval, over 
‘about 13x 10° m in the umbra) there is statistical noise in the 
power spectrum. The noise level may be estimated in three 
ways: from the high-frequency limit of the power spectrum, 
from the statistics of the distribution of individual power spectra 
that are used to form the mean power spectrum for the entire 
‘umbra, and from the estimated number of degrees of freedom 
(~20) using Edmond’s tables'*. All three of these methods 
-indicate that the 50% confidence level for each peak corres- 
ponds to roughly 25% of the peak amplitude. Any peak that 
is four times the noise level is marginally significant (50% 
confidence level), with greater confidence for higher peaks. 
- Thus, in Fig. 1, the peaks near 360s, 300s, 265s, and 200s 
-are all significant at well above the 50% confidence level. Note 
that the noise level is about the same on the two days while 
the signal increases in power on 21 August as the line-of-sight 
velocity becomes more nearly vertical. | 
© We interpret the three periods of oscillation around 5 min 
- (265 s, 300 s, and 360 s) as the response of the sunspot to three 
distinct modes of 5-min oscillation in the surrounding photo- 
sphere. We pursue this by plotting these three periods, in Fig. 
2, on a highly refined k-w (wavenumber-frequency) diagram 
for the photospheric oscillations (due to Deubner et al. 14), Note 
that the three umbral periods cross all of the p-mode ridges in 





ate value for comparison. 
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We suggest that observations of the multi-mode structure of 
5-min oscillations in sunspots may be used as a probe of sunspot 
structure below the solar surface. The various p-modes have a 
eigenfunctions with different depth dependence, with higher 
modes extending deeper into the convection zone, so that each _. 
mode ‘probes’ a different range of depths. This fact has already 
enabled the p-modes to be used as a probe of radial variations 
in the solar rotation rate in the convection zone'*”'*. Here we 
suggest a similar technique to probe the structure of a sunspot 
below the surface by measuring the response of the sunspot to = = 
the various p-modes. This method calls for accurate observa- : 
tions of the period and spatial structure of the various 5-min on 
modes in the sunspot as well as theoretical work on the interac- 
tion between the p-modes and the sunspot flux tube. tax 

An illustration of such a depth probe can be given on the . 
basis of the present observations and a simple theoretical argu- 
ment. Space-time plots of the umbral velocity field show a 
characteristic ‘herringbone’ structure with phase varying across 
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Fig. 3 Four possible choices of sunspot radius versus effective 
depth as determined by four different sets of three consecutive 
p-mode crossings in Fig. 2. The crosses show the estimated error 
for each set (see text). @, The observed surface radius of the 
“sunspot, ©, The most likely set of mode crossings. The dashed 
of sunspot radius with depth or Deinzer’s'’ 























auahi i twice the umbi diameter. We will assume 
he peak response is at a wavelength equal to exactly twice 
ocal diameter and proceed. As discussed above, mie various 
s of three consecutive mode crossings in Fig. 2 predict 
ternative sets of three horizontal wavelengths and hence sets 
f three values of sunspot diameter. Each diameter corresponds 
toa different p-mode (different value of n) which probes a 
-different effective depth. Values of the effective depth for the 
: _ p-mode eigenfunctions have been calculated by Ulrich et al. g 
-> The effective depth varies with horizontal wavenumber as well 

as radial mode number. For any set of mode crossings in Fig. 

-2 we can assign an effective depth to each of the three values 
<- of sunspot diameter and thus obtain a plot of sunspot radius 
versus depth, assuming a circularly symmetric sunspot flux tube. 
The results of these calculations are combined in Fig. 3, 
_ where sunspot radius is plotted as a function of depth for each 
of ‘the possible sets of mode crossings. The limited resolution 
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Mount Etna is Europe’s most active volcano, erupting some 
2x 10'° kg of new material each year’. Its eruptions generally 
_.. have two distinct forms: continuous explosive activity near the 
summit with low rates of lava effusion, or massive, and often 
: - quieter, lava effusion from its flanks along regional tectonic 
fissures. The question of where magma is stored before eruption 
is not yet resolved. Here I present results from high-precision 
gravity surveys covering two recent eruptions. Gravity changes 
after the major flank eruption of March 1981 indicate draining 
_ of magma from a dyke 14 km long, at an elevation of 0-1 km 
and striking in a direction close to that of the eruptive fissure. 
(Changes from the explosive sub-terminal eruptions of Septem- 
ber 1980 do not indicate draining from any near-surface reser- 
voir. It is proposed that short-term magma storage can occur 
close to the surface before a flank eruption, but that summit 
eruptive activity is consistent with a source at greater depth. 
Recent research on Mount Etna has shown that it does not 
conform to the classic inflation—deflation model” which can be 
applied successfully to many other volcanoes, notably 
-< Kilauea®*. Precise levelling and dry tilt studies show no gross 
-systematic deformation, but only local anomalies’, and horizon- 
al deformation observed in the summit region is inconsistent 
with a simple sub-surface reservoir’. Furthermore, petrological 
dies on historical lava flows indicate little of the chemical 
ifferentiation which would be expected if substantial high-level 
ge were involved’", and seismic investigations 
ge volume of partial melt at a depth of 16-24 km 
€ volcano’. It has been concluded that magma rises 
tom great depth to the surface without long-term 
in a magma chamber". It is accepted, pores that 
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lated sunspot radius, and the uncertainty in k and w gives 
uncertainty in effective depth. For any given set of point 
Fig. 3 the uncertainties mask the depth variation of sunsp 
radius, making each set of three points equivalent to a single 
piece of information about the subsurface sunspot geometry 
The individual sets of three points in Fig. 3, corresponding to 
sets of three consecutive mode crossings, are distinct from each- 
other, allowing a selection of the most likely set based on. 
theoretical arguments about the expected depth variation of 
sunspot radius. For example, the theoretical model of Deinzer’” 
is plotted in Fig. 3 for comparison and passes through the set 
of points corresponding to p-modes n = 3, 4 and 5, We use this 
only as an illustration of the method and not as a specific. 
prediction for this sunspot. However, for the range of wavenum- 
bers under consideration, modes n =3, 4 and 5 have the most 
power in their ridges; they might be chosen on this basis as well, 
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NASA grant NSG-7562. A.H.N. was a USAF-SRFP Research | 
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high- level storage ‘must take place ii in the short term, “becat 
all lavas show extensive crystallization of plagioclase, indicati 
residence at moderate to low pressures, and some flan 
effusions are only mildly explosive, indicating degassing befo 
eruption. The lavas of 1910, 1928, 1950-51 and 1971 also 
show a limited degree of magmatic evolution due to different 
ation’*"'". This implies high-level storage on a time sca 
sufficient to give rise to crystallization and degassing, bu 
insufficient to result in strong differentiation. To address the 
problem of where magma resides before eruption, a high pre- 
cision gravity network was established on Mount Etna in Sep- 
tember—October 1979 (ref. 15) with the aim of detecting smal 
secular changes in the force of gravity as a result of intrusion 
or draining of matter. 
Ninety-seven gravity stations have been set up, of which 48 
are used in the surveys under discussion (Fig. la). They are 
sited on stable massive lava outcrops or permanent architecture. | 
Station relocation is good to +1 cm, and vertical reference to. 
+i mm. Instrument orientation is constant at each station.” 
Measurements are carried out with LaCoste and Romberg: 
gravity meter G90, fitted with electrical readout. Tidal correc- 
tions are made using a harmonic tidal programme based on . 
Cartwright and Tayler'®’’ and using gravimetric factors and 
anomalous phases determined for Mount Etna by Mohamed”. 
Tares and drift are removed using a least-squares optimization 
programme. Gravity values are referred daily to a base station 
at the Astrophysical Observatory at Serra la Nave and the 
network as a whole is referred to a datum based on this and 
calibration stations numbers 59, 61 and 64 of the Italian 
Geodetic Commission. The typical standard deviation of a 
single gravity tie with meter G90 is found to be 9 „Gal, and. 
the errors are normally distributed. Each station tie is perfor- 
med if possible eight times on independent occasions, and it is. 
estimated that calibration variations, datum inaccuracies and 
water-table effects contribute a further nominal error of 5 Gal. 
The resulting error for a gravity change is typically 8-15 wGal 
depending on the number and quality of the ties made. In the 
interval September 1979—August 1980 gravity changes in the 
range —36 to +48 uGal were observed. A y” test gives | 
probabinty of <1% that they are due to chance, 
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levation changes’? 





round deformation. 


degassing to the atmosphere occurs, leaving the magma more 
dense. If the system is closed, it can accommodate the introduc- 


compression”. Whether the system is open or closed, magma 


observation of surface fissure trends, as a system of vertical 
radial dykes extending along major regional faults*’. It is pro- 
posed here that magma is rising passively into vertical fissures 
which the gas pressure and magma level are variable. The 
agma is not intruding actively through consolidated rock and 
using great elastic strain; it is effectively filling a void. Erup- 
on can then occur as a result of tectonically controlled block 
\ovements and swelling of magma as pressure is released”, If 
mited surface deformation does occur, as was observed for 
2 yr before the 1978 eruption*”, this is due to stresses associ- 
ated with the changing level of magma in the fissure, but the 
train involved is not a reflection of swelling equal in volume 
to the magma. newly introduced. A similar, though less extreme, 





‘Fig. i a, Map of Mount Etna: @, gravity stations; hatching, calden rims. Topographic contours are in intervals of 1,000 m. b, Smoothed 
“contours to show broad features of gravity changes between August and September 1980. Contours are plotted by computer, using a routine 
: in which the gravity change value at any point is calculated as a weighted average of all measurements within a circular window around it. 
Measurements are weighted inversely to variance and the square of distance from any station, and are smoothed using a filter of cutoff 
wavelength 0.750 km. A window of radius 5 km is used. Contours are at intervals of 10 Gai, and are dashed where information is poor, Details 
of the contours should not be taken seriously. c, Smoothed contours to show broad features of gravity changes September 1980-March 1981, 


‘ ‘Gangs in 1 the Tana force of gravity can be due to two | 
ffects. First, an uplift of terrain leads to a reduction in gravity 
cording to the inverse square law, This reduction is- 
.22 mGal m” ‘and can be used for the detection of vertical | 
. Second, it can be due to sub-surface density 
hanges or movements of matter. To distinguish between these | 
cts 12 of the gravity stations are common to precise levelling 
tations of Murray and Guest”. They were measured simul- 
aneously with the levelling traverse in September 1979 and 
y 1980. During this period gravity changes of between —36 
nd 13 Gal were observed at stations for which the elevation 
anges were respectively —0.6 cm and 0.4 cm (J. B. Murray, 
rsonal communication). If the gravity changes were due to: 
levation changes the corresponding elevation changes would 
+16.4 cm and ~5.9 cm. The observed changes are not only 
‚small by an order of magnitude, but they are of opposite. 
ense. This result, and the fact that some 35 dry tilt stations 
vering the volcano show no pattern of inflation or deflation’, 
a justification for interpreting the gravity changes as due to. 
ab-surface accumulation of magma without corresponding 


~ Such accumulation, whether the magma reservoir is in the 
form of a dyke system or a cylindrical conduit, can occur in 
several ways. If the reservoir is connected to an open surface, 


tion of matter through bubble compression” or through bulk 
may be introduced at the expense of trapped gases, which are: 


either compressed, absorbed or simply expelled. Mount Etna 
can be considered, on the basis of tectonic considerations and 


























































discrepancy has been observed between aie deformation 
and apparent subsurface volume change on Kilauea”. foe 
The observed gravity changes on Mount Etna in the period a 
1979-80 are readily interpretable in terms either of known 
summit morphology changes or of density changes in historical 
fissure zones**. Dykes involved in the modelling are typically 
some 500 m- below the surface, of vertical extent ~1,000 m and 
of width 1-5 m. However, the parameters are poorly con- ae 
strained, as the amount of matter gained o or lost is not known eer: 
independently. fi 
In the case of an observed eruption accurate estimates can. 
be made of the amount of material. lost from the volcano. — 
Known gravity changes then enable tight constraints to be 
placed on regions from which it could have come. Consider the f 











Table 1 Measured gravity anes (uGal) for intervals Augtal Senate: 1980 ae 
and pama 1980-March 1981, with associated errors a 














Gravity Gravity 
change ‘change 
August- September 
September 1980- 
Location Station 1980 Error March 1981 Error 
Rifugio Sapienza Wib 7 7 19 7 
Wôu —~4 g a — 
G57* ~6 8 -li 8 
Belvedere G4ib* 10 &8 22 8 
Torre del Filosefo wo* 8 7 20 8 
Vulcarolo C7* 0 16 -13(~-253 17 
G24* 3 saie 
wW10* ~9 8&8 — —_ 
Summit car park Vi ~ = 
— G81b* -7 t0 = a 
Mount Pizzilio $16 3 10 > — 
Rifugio Puchoz $14. 6 8 3 
Rifugio Citelli $12 ~8 12o me = 
Sti 2 § o oe — 
SGa -1i Iz. ¥3 12 
86 35. li. ~9 13 
$4 19- 9 33 8 
W3 o 14 100 = m 
Serra la Nave o- $E -3 7 4 8 
F3* 290 1@ ae = 
_ - F3* 260 § =» m 
Mount Spagnolo  F7a® 17° sd 4 (5) 8 
da Filippo l Fo* 722 To at 13 © 8 ll 





Only those stations measured with accuracy 12 uGal or. r bater are included. 
The two results in parenta a are e corrected for elevation: (see ioe 
7 Elevation control exists. Oe ee ah ae = 





a, Forbidden regions for point 

magma source. Hatching from 

¿to bottom right indicates a 

yn too close to a station; hatching 

m bottom left to top right indicates 

egion too far from one. Sections are 

shown: b, W-E, 4km south of the 

summit and c, N-S, 2 km east of the 

“summit. The summit profile is shown 

as a dashed line. The blank region is 
permissible. 


uption of March 1981. The eruption was only mildly explos- 
ind followed a series of smaller but highly explosive erup- 
ring the winter from the North-East Crater”. On 17 
arch 1981, a fissure opened in the north-west flank of the 
‘olcano at elevation 2,250m and gave rise to strong lava 
untaining and massive lava effusion. During the next 6 days 
ne fissure system lengthened to 7.5 km in a north-northwest 
“direction and gave rise to an areal coverage of 4.72 km? of lava, 
which reached the River Alcantara at 800m elevation and 
threatened the town of Randazzo (Fig. 3d). The total volume 
of lava is estimated at 18.6 x 10°m*, a mass of about 4.7 x 
10°° kg (estimate by J. B. Murray, from mapping by J. E. Guest, 
RJ Kilburn, R. M.-C. Lopes, J. B. Murray, H. Pinkerton 
Scott). 
ravity survey was made immediately after the eruption 
mpared with readings taken in September 1980. The 
lts are corrected for the attraction of new lavas lying on 
he surface. All those results with error bars better than 12 Gal 
ẹ tabulated in Table 1 with associated errors, and are plotted 
as smoothed contours in Fig. 1b. They show a substantial 
decrease at all stations high on the southern flank. Towards the 
region of Rifugio Citelli observed changes were positive or 
insignificant and at a station 0.5 km from the rift itself there 


<s was no significant change. Snow cover prevented measurement 


-of stations in the northern upper reaches and in the Valle del 
: Bove. Snow cover also prevented elevation change control. 
However, precise levelling surveys have been carried out in 
igust 1981. Two gravity stations showed unusually high eleva- 
n changes: station C7, close to the central craters, showed 
m (J. B. Murray, personal communication), and station 
a, 0.5 km from the rift, showed +3 cm (M. Grimaldi, personal 
mmunication). None of the other stations discussed here 
showed changes of more than 1.5 cm. As these measurements 
- were made over the interval July/August 1980-August 1981 
‘they are not strictly comparable with gravity changes measured 
between September 1980 and March 1981, and have not there- 
fore been used to apply an elevation correction to the gravity 
results. The effect of applying such a correction to results at 
stations C7 and F7a is included in Table 1, and does not 
= materially alter the picture. 
-co Let us assume that the changes are due to the eruption, and 
-begin with the hypothesis that the erupted magma came from 
t localized region within the volcano. The magma is 
livalent to a sphere of radius 160 m and can be treated as 


-for example, the measured gravity change was 

Jal+8. At the 95% confidence level the gravity change 

$ between —38 and —6 Gal. This range of possible 

efines ‘forbidden’ regions from which the magma could 

ot have come. If a station elevation is h above sea level and 
e total mass erupted is M, then magma loss is permitted only 
region of radius r from a vertical axis beneath the station 


Rifugio Puchoz 
aoe 


oe e 


(Fig. 2d), where r is a function of elevation z, and satisfies the 
inequality: ; 


B 2/3 = 4 
p =| r S 


sar (h-z) yo T 
< >) (BZ 
(om a PR 


Here G is the universal gravitational constant, Ag is tl 
measured gravity change and e is the error associated with 
M and Ag are negative. The inequality defines spheroidal lobe: 
of radius min and max beneath the station. Magma loss is 
permissible from any point between the two lobes. A three- 
dimensional envelope of lobes for all stations indicates wh 
regions are permissible for magma loss (Fig. 2b, c). A relativel 
small region remains unforbidden. This is the region in which 
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Fig.3 Minimization of the statistic S against variation of azimuth 
(a), length (b) and depth (c) to upper surface of a dyke modelling 
the March 1981 eruption. The optimum dyke is shown in plan | 
(d) and in section (e) relative to the eruptive fissures. (Map of _ 
fissures and flows from mapping by C. R. J. Kilburn (September. 
1980) and Guest et al. (March 1981).) D 













































































by minimizing residuals, and. occurs ata point 2 ka east and 
4km south of the summit. This model corresponds to the 60% 
probability level on a x° test with 16 d.f., and therefore cannot 
-be rejected. The fact that a point mass solution i is possible, and 
that it lies so far south of the summit may be due partly to the 
strong southern bias of the stations available for survey. 
` Let us consider a more realistic model. We relax the point 
mass requirement and suppose instead a thin vertical dyke of 
variable size and position. Because no data are available for 
-thë northern summit region we assume the dyke to be sym- 
“metrical about the summit convergence of known historical 
_ fissure systems, which lies about 1.5 km east-southeast of the 
-central crater (G. Kieffer, unpublished). The total mass of the 
dyke is set to 4.7 x 10'° kg and its vertical extent, which is not 
“a sensitive parameter, is set to 1,000 m. 
<- Modelling is performed using a computer program which 
models a dyke of any azimuth, length and depth as a lattice of 
‘point masses. For each model the sum of squared residuals, S, 
is calculated, and we search for an absolute minimum. A pro- 
‘nounced minimum exists, and its local behaviour is shown in 
Fig. 3a-c, where S is plotted against variation of each para- 
meter. The optimum dyke is of azimuth 335°+5°, length 
'4km+3 and has its top surface at elevation 1,000 m + 500. 
r this dyke, S = 14.1, and it cannot be rejected at the 50% 
fidence level. Its position in plan and section is shown in 
g: 3d, e. It corresponds well with the surface activity of the 
arch 1981 eruption. 
-similar set of measurements was made immediately after 
he sub-terminal eruptions of September 1980. These occurred 
rom the North-East Crater and were short-lived and highly 
-xplosive. The total mass of eruptive products is estimated at 
.8 x 10'’ kg (C. R. J. Kilburn, personal communication). 
-No broad-scale gravity reduction was observed, and there 
were no reductions significant at the 95% level. Only one 
station, F9 to the north-east, showed a gravity reduction 
“significant at the 68% level. Results are displayed, as before, 
n Table 1 and Fig. 1c. Stations on the south and south-east 
flanks showed a continuation of an upward trend which had 
been observed since 1979 and stations along the western flanks 
showed a pronounced increase. The increases were in the range 
0-40 Gal. At the summit there was no significant change. In 
the absence of negative changes we cannot provide a simple 
model for the magma source; no model gives a fit which cannot 
be discounted at the 95% level. If the source is constrained to 
“lie beneath the summit the statistic $ improves as the source 
_is lowered but never becomes acceptable. On this evidence the 
-summit effusion of lava in September 1980 was not associated 
“with a reservoir at detectable depth. It is proposed that the 
observed positive gravity changes were due to filling of radial 
‘dykes, associated with a sudden uprush of magma to the summit 
-from a source well below sea level. 
~ T conclude that these results support the view that Mount 
-Etna underwent two distinct types of eruption during this 
period: a highly explosive summit eruption from a source well 
“below sea level; and a massive flank eruption associated with 
draining from a radial dyke near sea level, which had become 
-charged with magma during the preceding 6-12 months. 
> This work was funded by NERC. I thank D. R. Cowan, 
J-E. Guest, C. R. J. Kilburn, R. G. Mason and J. B. Murray 
-for useful discussions and comments. 
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The Cyagor II cruise (May 1981) using submersible Cyana SP 
3000 on Gorringe Bank off south-west Portugal confirmed the 
scheme proposed at the end of Cyagor I cruise’ that during 
the middie Cretaceous (110 Myr BP), Gorringe Bank, an old 
transform fault of Triassic~Liassic age, appears to have tilted 
to the north-east leading to the exposure of a section of oceanic 
mantle and crust. Due to its location at the boundary between 
European and African plates, Gorringe Bank suffered tectonic _ 
reactivation and uplifting during compressive and shearing-type 

events that occurred at the Cretaceous—Tertiary boundary and- 





during the Tertiary (Eocene-Miocene). During the 12 dives of = 


the Cyagor II cruise (Fig. 1), phenomena linked to the disin- 
tegration of serpentinites and gabbros in the deep-sea domain 
have been studied in situ with more detail than before’. Such 
processes have been suggested from studies on samples dredged 
or cored in oceans, or from observations in ophiolitic belts but 
direct observation had not enabled the magnitude of such 
phenomena to be measured. The observations on Gorringe 
Bank suggest that the processes described here are active in 
many oceanic sites. They help us to understand better the 
significance of many ophiolitic detritic beds more or less closely 
associated with pelagic sediments. We now compare the 


observations made at sea, especially on Gorringe Bank | with c 


similar observations in ophiolitic zones in mountain belts, which 
suggests that the ophiolite complexes have formed in a similar 
way to the breccias seen on the ocean floor. 

Nine dives in areas where gabbros (Ormonde) and serpen- 
tinites (Gettysburg) outcrop revealed a very jagged deep-sea 
landscape made of small terraced cliffs. Each-cliff, strongly 
fractured feeds a wide scree-covered slope. Fractures become 
more numerous at the top of the cliffs so that they are crowned 
by an unstable jumble of blocks. The size of the clasts released 
by the serpentine and gabbro CsApare gation ranges from 1 mm 
to a few metres (Fig. 2), 

Some large blocks of gabbro and serpentinite (between land 
a few metres across) can be found a long way from any outcrop 
(100-1,000 m) where no other gabbroic or serpentinitic detritus 
occurs in the sediment. Under gabbro cliffs, two domains can 
be distinguished. Fig | 3): the first: : Gomprises- 1450-40° slopes be. 














è: | composed of heaps without any 

er--small blocks, cobbles, pebbles mixed with 

e all present. The absence of pelagic sediments 

-reveals the incessant activity to which they are 

The second domain comprising 5°-15° slopes is an 

f transition between the scree-covered slopes and the 

es covered with pelagic sediments—sand-banks scarcely 

sted with small blocks lay there. Sometimes sands form 

boidal ripples moving downwards. These sand-ripples 

vere Often observed lying on pelagic sediments. These sands 

ere found to be composed of pyroxene, monomineralic frag- 

ments of plagioclase and, less frequently, of dolerite rock 
_ fragments. 

-The serpentinite cliff feeds extremely varied scree with both 


Le decimetric blocks and gravels. At the foot of the scree, pelagic 
mud is strewn with small blocks and unjointed broken stones. 


o The in situ observations made on Gorringe Bank include 
hose of active alteration processes in the deep-sea environ- 
ient; as. well as of erosion and transport of ophiolitic materials. 

e processes that were seen can be linked to different causes. 


“soa N 
GS 
G 


GETTYSBUR 


eg 


~The 


1€ first is the presence of rocky outcrops. The observations 
underline the multiplicity of escarpments, cliffs and f 
zones where gabbros and serpentinites are exposed. An int 
sive alteration is favoured by the internal fabric of the roc! 
themselves, particularly in the case of the gabbros. The alte 
ation of granular type is linked with the crystallization of clays 
which are formed instead of plagioclases and then, release he 
grains of pyroxene. On the other hand, mechanical disaggrega- 
tion takes place preferentially in the tectonized zone. In the. 
case of Gorringe Massif, the known tectonic events’? date from 
Triassic~Liassic when the transform motion deduced from plate 
geometry was recorded by the development of shear zones in 
the gabbros and serpentinites. 

This shearing of the compressive tectonics which are still 
affecting the Massif, as shown by the level of natural seismicity 
in the area and by first-motions studies’, has undoubtedly _ 
facilitated the creation of these highly tectonized zones. In the 
case of serpentinites, the tectonization plays a fundamental part 
in producing lenticular fracturing of the rock to give easil 
detached angular fragments of different sizes. ) 
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-Bathymetric map of Gorringe Bank with locations of Cyana SP 3000 dives. Solid lines, Cyagor II cruise 1981; dashed line 
aaa Cyagor I cruise 1977. : A 
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Fig. 2 Photographic plate: a, sands and gravels of gabbro; b, isolated block of gabbro; c, cobbles, pebbles and coarse sands of serpentinite; 
d. blocks of serpentinite in pelagic sediments 


The debris broken up by the double effect of granular alter- 
ation and tectonic disaggregation occupies a large area near 
the foot of the escarpment. Associated gravitional mass flows, 
distalites and coarse turbidites are bound to have participated 
in the filling of the adjacent abyssal plains. 

Material, probably resulting from processes similar to those 
we have observed, has been located in many parts of the oceans, 
particularly in the proximity of complex structures involving a 
great variety of rocks of the mantle and of the oceanic crust 
such as mid-ocean ridges*’''?'”*°, fracture zones’**'**, and 
marginal basins™**?. These materials are likely to be more 
important than previously estimated in the sedimentary series 
of oceanic basins. 
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Fig.3 In situ observations on Gorringe Bank (Mont Ormonde). 
1, Highly fractured bedrock; 2, unbedded blocks, pebbles and 
sand at the foot of an escarpment; 3, small blocks isolated in sand 
and gravels; 4, sand and gravel ripples; 5, block of metric size. 








Thus the genetic model obtained when studying oceanic data 
leads us to consider that any outcrop of the oceanic crust, 
whether tectonized or not, supplies detrital material. Most of 
this material remains in situ at the foot of the cliffs. The 
remainder is scattered in the surrounding autochthonous 
sedimentation mainly in two forms: metre-sized blocks which 
may slide down the slopes, and fine grained or coarse sand 
transported by turbidity currents. This latter fraction is con- 
sequently included in diversified and genetically different for- 
mations. 

In mountain belts two types of deposits may be found for 
ophiolitic detrital products; in situ, that is to say closely associ- 
ated with large igneous ophiolitic bodies, and scattered in the 
metasedimentary series ™ '***~'. These series may form 
independent tectonic units, so that the ophiolitic detrital 
material they contained will seem totally disconnected from its 
sources. 

One can note a striking analogy between old and present 
day oceanic crust detritism found in the ocean and ophiolitic 
debris found in the mountain belts. However, we conclude that 
these types of detritic formations probably occupy a significant 
place in the total volume of ancient and present day oceanic 
sediments. 

The results obtained in the ocean and particularly the in situ 
observations in the Gorringe Massif enable us to specify the 
morpho-structural framework of these present day and ancient 
deposits (cliffs, rugged escarpments, small basins). In all known 
cases in the oceans these structures belong or have belonged 
to areas topographically high in comparison with the oceanic 
floor (fracture zones, ridges, aseismic ridges). Thus, when these 
detritic levels are found in the chains, one must wonder if there 
is a relation between their genesis and the presence in the old 
ocean (Tethys Ocean, for example) of structures of abnormal 
topography. Those structures could result from an early intra 
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ma Hae dykes paa the Saath coast. of fea j ocelli are 
closely associated with globular structures (varioles) which I 
have assumed" were formed as a result of a splitting of the 
magma into two fractions. The re-examination of these Nor- 
3 wepian dykes reported here, however, has shown that varioles, 
Jli and leucocratic feldspar-rich segregations formed by 
pherulitic and closely related growth mechanisms from under- 
led volatile-rich magmas without an intervening stage of 
sid phase separation. 
fhe morphology of the crystalline aggregates varies widely 
and is related to the distance from the dyke margins. The dykes 


-~ nearly lie flat and never exceed 2 m in thickness. Depending 


on the mode of crystallization three different zones can be 

distinguished (Fig. 1). (1) A marginal zone, including a chill 
zone, characterized by globular growth units. Mutual impinge- 
ment of the globules has here resulted in the formation of a 
polyhedral cell structure (Fig. 2). Dykes <30cm thick are 
globular throughout. The thickness of the marginal zone in the 


fs < larger dykes is 10-15 cm. The globules exhibit features charac- 


~ teristic of spherulitic growth. (2) An intermediate zone contain- 
3 ing feldspatic segregations. This zone is only present in the 
per part of dykes >50 cm thick. (3) A central homogeneous 


ery fine-grained chilled zone, 2-3 mm thick, is usually 
tin the marginal zone. The chilled zone contains many 
size of which is remarkably uniform and ~0.1 mm 
er. In polarized light, each globule shows a black cross 
ating that crystal fibres radiate in all directions from 
al nucleation point. Microphenocrysts of kaersutite, 


ous magnetite and Pene are remman enclosed in 


iewing this article, the officers and cre 
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dimensions parallel to the dyke walls. The globules are usua 
arranged in long sub-parallel chains or layers parallel to t 
dyke margins presumably reflecting nucleation and growt 
along flow lines in the magma. 

The size of the globules and the polyhedral cells, hereafi 
termed spherulites, increases away from the chilled zone a 
may become 10-12 mm in diameter 10-15 cm from the contac! 
The spherulites are essentially composed of alkali-feldspar 
kaersutite, +augite and Ti-magnetite. The feldspar for 
elongate, curved and branching crystals radiating from a centr: 
point. However, with increasing grain size inwards from 
dyke margins it often becomes impossible to recognize rad 
crystal arrays because any section which does not intersect thi 
centre of the spherulite appears to consist of a granular cryst; 
line aggregate. 5 

The polyhedral cells are separated by a layer of a greenis 
material, which sometimes contains pyrite. The thickne 
this layer is <10 um in the chill zone and increases to ~ 10 
in the dyke marginal zone. 


Segregations (IT) 


Fig. 1 Development of cells and leucocratic segregations in the: 
marginal (I) and intermediate (II) zones respectively, Ocelli arë 
indicated by circles. Not drawn to scale. 













































































he spherulites a ways contai , 
most exclusively of alkali feldspar. In each patch the crystals 
adiate from a common centre (Fig. 3a), and inwards in the: 
ykes there is a change from a fibrous to a more lath-shaped 
morphology. These cone-shaped growth units (fan spherulites) 
“apparently nucleated along the growth front of the larger 
spherulites in which they occur. It is frequently observed that 
they have grown from side-branches of radiating feldspar crys- 
tals (Fig. 3b). The fan spherulites actually represent the ocelli 
: öf the earlier description’, which imposes constraints on the 
formation of the features. The observations preclude the possi- 
bility that the ocelli separated as liquid droplets. 
With increasing distance from the dyke walls the polyhedral 
cell structure gradually disappears. This is due to a transition 
‘in morphology of the spherulites from compact to open, in the 
< terminology of Keith and Padden*. When two open spherulites 
meet during growth the lamellae from both extend across the 
‘boundary’ producing an interleaving structure. 
The leucocratic segregations® in the intermediate zone are 
closely related to the ocelli of the marginal zone. The most 
“abundant phase, alkali feldspar, shows a marked tendency to 
“occur in thin bands or lenses roughly parallel to the dyke walls. 
“Some bands consist of open, coarse spherulites, others consist 
of curved, branching feldspar crystals with preferred elongation 
wards forming a comb-layer’*. Kaersutite, which comes next 
abundance, does not appear to grow directionally. The lam- 
rophyre itself is very rich in kaersutite and Ti-magnetite along 
the upper and lower boundary of the segregations. The segrega- 
tions contain scattered rounded ocellar structures, consisting 
of superimposed feldspar lamellae which are attached to one. 
another like pages in an open book. | 
< Chilled zones arise when the magma, coming in contact with 
e cold walls of the host rock, becomes greatly undercooled 
by the high rates of heat extraction. The higher the cooling 
rates, the lower the temperature at which nucleation occurs. 
Spherulitic growth is generally associated with rapid cooling 
rates’, and chill zones would thus be an ideal environment for 
the growth of spherulites. The withdrawal of heat formed ther- 
nal gradients normal to the dyke walls, and crystallization 
proceeded from the margin inwards. The increasing size of the 
polyhedral cells away from the contact shows that the rate of 
ucleation decreased in the same direction. The growth of the 
erulites approached a steady state and solidification termin- 
ted by the impingement of adjacent spherulites. The mafic 
hide-rich boundary layer which separates the cells has resul- 
‘simply from the impingement of enveloping boundary layers 
of rejected elements advancing ahead of the outer boundary 
of the spherulites. The thickness of the layer should be of the 
-order of twice the characteristic distance of the boundary layer 
or 2 D/G where D is the diffusion coefficient and G the growth 
-yatef, Assuming, for example, a diffusion coefficient of 
10°77 cm’ s™', the growth rate of the spherulites in the chill zone 
_ would be of the order of 0.1 mm min”. 
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Fig. 2 Weathered specimen showing polyhedral cells. The struc- 
‘ture is never observed on fresh surfaces, but may be developed 
by etching. The ocelli are 0.5-1 mm in diameter. 


} some sounded palencs pe a ei , 


Fig. 3 a, Fan spherulites (ocelli), 
all belonging to the same cell. b, 
Branching feldspar terminating in j 

fan spherulites (ocelli). / 
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The textural developments seem to be related to feldspar 
nucleation difficulties in a lamprophyric magma, and the crystal- 
lization sequence is considered to have been determined by the 
relative ease of nucleation of the minerals involved rather than 
by equilibrium phase relationships. Delayed nucleation of feld- 
spar is common in systems varying in composition from granitic 
to basaltic’ presumably because of a slow rate of formation of 
embryonic clusters of equilibrium size. Thus, feldspar pheno- 
crysts are always absent in lamprophyres and the fundamental 
shape of the feldspar is frequently spherulitic/dendritic indicat- 
ing crystallization from an undercooled liquid. In the marginal 
zone, the high rate of cooling produced undercoolings of 
sufficient magnitude to permit the nucleation of feldspar simul- 
taneously with the mafic minerals with the result that spherulites 
of melt composition grew and formed a cell structure. In the 
intermediate zone, slower cooling rates. 


of kaersutite and magnetite established composition gradients — 
in the melt perpendicular to the dyke walls. The melt was 
exposed to an increasing degree of undercooling by loss of 
water and iron to crystallizing kaersutite and ore minerals, and 
when feldspar finally did nucleate, conditions were favourable 
for the growth of feldspar-rich spherulites or alternatively 
inward growth of fan-shaped bundles of feldspar. The leuco- 
cratic segregations thus formed by periodic build-up of 
appropriate conditions of undercooling. 

Regardless of the detailed mechanisms involved, the present 
study has shown that the globules (varioles), the polyhedral 
cells, the leucocratic segregations, and the ocelli which occur 
in them, are polycrystalline aggregates formed by crystal. 
growth, the structural variations being a kinetic effect related 
to cooling rates. The observations presented here have pro- 
duced no evidence in favour of liquid-liquid phase separation, 
although this still remains a possible explanation for the forma- 
tion of other ocellar structures. 

I thank Gary C. Lofgren for valuable discussions and 
criticism and C. H. Donaldson for helpful comments. 
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The cyst nematodes (genera Heterodera, Globodera and 
_ others)’ generally have a limited host range. This specificity 
 Arises from the fact that the hatching of larvae from cysts occurs 
in response-to specific stimuli secreted by the host plants’, 
_ Because of the scientific interest and importance in agriculture 
of these stimuli, since their first recognition’ in 1922 much time 
id effort’* has been expended in attempts to purify and 
characterize them. However, success has been limited by the 
mely small amounts of active substance available. We 
he isolation of a natural hatching stimulus for the 
iematode from the roots of kidney bean. The 
gnated as glycinoeclepin A, stimulates the hatch- 
from the eggs in vitro at a concentration of 10°" 
0°"? g mi“ in water at 25°C. 
The soybean cyst nematode (Heterodera glycines Ichinohe) 
-parasitizes a small group of host plants, including soybean 
(Glycine max), kidney bean (Phaseolus vulgaris) and adzuki 
‘bean (Phaseolus angularis), and causes ‘soybean sickness". 
‘Tsutsumi and Sakurai’ demonstrated that the hatching of larvae 
ysts of the nematode was stimulated by root diffusates 
ost plants. Since then various factors affecting hatch- 
een examined in detail". The present investigation 
these findings. | 
oassay for hatching was performed with free eggs. The 
were isolated from infected soil collected in October at 
muro, Hokkaido, and stored in a refrigerator at 5 °C. Before 
test, the cysts were soaked in water at 25°C for 10 days, 
nen dissected in water and sieved through a 325-mesh sieve. 
The dissected cyst wall fragments remained on the sieve. The 
eggs and larvae were transferred to a beaker of water so that 
1 ml of the aqueous suspension contained 150-200 eggs. Then 
1lml of the suspension was transferred to a Syracuse watch 
glass, to which 8 ml of distilled water and 1 ml of the test 
solution were added. The whole suspension was kept at 25 °C 
nd the number of the larvae hatched was counted after 10 
ays. The per cent hatching rate was expressed as P = P,—P,, 
P,and P, denote the per cent hatching observed in the 






















Chioroform extracts A (102 g, active at 107° emi!) 
t EtOAc-aq.NaHCO, 

Acidic extracts B {57 g, active at 10% to ~10°* g ml) 
| Charcoal=Celite column (aq. acetone) 

Fraction C (21.4 g, active at 10°* gmi H 
1 Sephadex LH-20 column (MeOH) 

Fraction D (10.1 g, active at 107° to ~10°7 g mi’) 


Fraction E {2.16 g, active at 107° g mi”) 
| Sephadex LH-20 column (CH,CL~MeOH, 95:5) 
Fraction F (135 mg, active at 10°° g mi} 


4... Preparative HPLC, 
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Table 1 Isolation of glycinoeclepin A as its bisi p-bromophenacyl) ester _ 
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| DEAP-Sephadex LH-20 column (72% EtOH-AcOH-NH,OH) 


4 .p-Bromophenacylation ( p-BrC,H,COCH,Br and (i-Pr),NEt in MeCN, room temperature, overnight) and silica gel column 
Fraction G as p-BPE (316 mg, active at 10°" g mI’ after hydrolysis) 
~ $ Preparative HPLC, Hitachi Gel 3019 column (MeOH-CH,Cl,, 7:3) 
_ Fraction H as p-BPE (112 mg, active at 10°* to 10°° g ml”! after hydrolysis) 
4. Preparative HPLC, Bondapak C,,/Porasil B (MeQOH-H,O, 8:2) 
< Fraction I as p-BPE (29 mg, active at 10°? g mi~" after hydrolysis) 
~ d Preparative HPLC, p-Bondapak NH, column (CoH ,4-CH,ChL-MeCn, 70:18:12) 
Fraction J as p-BPE (2.2 mg, active at 10°'°.g mV after hydrolysis) 
> | Preparative HPLC, u-Bondapak NH, column (C,H,,-CH;Cl,—-MeCN, 80:12:8) 
.. Fraction K as p-BPE (1.2 mg, active at 10°" g mI”! after hydrolysis} 
“ob Pre ve | . &~Bondapak NH, column (C,H, ,-CH,Cl,~MeCN, 60:36:4) | 
A -BPE (~50 ug, active at 107°}? to ~10"'? g mi“! after hydrolysis} 







test solution and in distilled water, respectively. The 
ution was said to be active when the hatching rate, P, exce 
50%. Hatching rate is an adequate measure of hatching: 
emergence’. ai 

Hatch-stimulating concentrates were prepared from aqueo 
extracts of the roots of two subspecies (‘Hon-kintoki’ an 
‘Beni-kintoki’) of kidney bean rather than from their ro 
diffusates. Dried and powdered roots (113 kg) of Hon-kintok 
collected in late July at Memuro (1 hectare), were extractec 
with water at a temperature of <10°C, and the aqueous Sus 
pension, after concentration at <30 °C, was acidified to pH 2-3 
and extracted again, with chloroform. The chloroform solution 
gave ‘chloroform extracts A’ (102g), which were fractionated 
according to the procedure summarized in Table 1, guided by 
the bioassay. Repeated chromatography yielded a highly active 
fraction, fraction L (~50 wg). Dried roots of Beni-kintoki were 
also treated and fractionated in almost the same manner to 
give the corresponding fraction with the same activity. These 
fractions were homogeneous and identical by analytical HPLC 
over various columns (p-Bondapak NH, MicroPak NH,-10,. 
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Fig. 1 FD mass spectrum of p-BPE of glycinoeclepin A. 


».-Bondapak C,, and -Bondapak/Phenyl) and by the respe 
tive field desorption (FD) mass spectra (Fig. 1). The 





identification of glycinoeclepin A as the active substance wa: 
also checked by the division of fraction L into five fractions by 
chromatography on two separate columns (yw-Bondapak NH, 
and p-Bondapak C:s) followed by the bioassay of each fractio 
after hydrolysis. — Ke $ 
The FD mass spectrum (Fig. 1) established that the bis( p- 
bromophenacyl) ester of glycinoeclepin A (GEA p-BPE) has 
a molecular weight of 838 and hence that glycinoeclepin A’ 
a dibasic acid with the molecular weight of 446. The high- 
resolution FD mass spectrum (m/z = 838.1334) indicated that 
GEA p-BPE is best represented by Cy,Hy,OoBr, (calculate 
m/z = 838.1352) and hence the acid by C,.H;,0,. This was 
supported by the 'H-NMR spectrum (Fig. 2) of GEA p-BPE, 
which revealed about 34 hydrogen and 7 oxygen atoms. (two 





--COOH, one —OH, one —O— and one —C=0) in the acid; 


eteme amaaan a ATRIA AA eee amanaia agana iienaa ena a ett 











































enmity, 


CH, 





i i l 
i i Hyl R 
TEE iv} el 
jt HOO a, j 
ae ae i Ah one: 
i ee | Yor z E A inar” FA 
PEPITA F OE: SEa Saa a R EAEE EES EEEE E OAREN E 
8 T 6 5 


Fig. 2 ‘H-NMR spectrum of p-BPE of glycinoeclepin A 
(270 MHz, 50 pg in CDCI, + D20). 12,260 scans. 
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Long-term potentiation of 
the perforant path 

n vivo is associated 
with increased glutamate release 
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Long-term potentiation (LTP) of synaptic transmission follow- 
ing brief trains of high-frequency stimulation in hippocampal 
pathways has attracted attention as a possible physiological 
-correlate of memory. The mechanism of LTP is little under- 
“stood, and what evidence there is suggests that both pre- and 
postsynaptic mechanisms are involved’. Previous findings that 
- Ca** is required for LTP*°, and that LTP is accompanied by a 
_ prolonged increased in Ca** uptake’®, suggest that an increase 
- in impulse-dependent release of transmitter, a process critically 
- dependent on presynaptic Ca”* levels'’"*, may be an important 
component of this form of synaptic plasticity. A recent report’ 
that release of previously accumulated 4H-D-aspartate is 
- increased following tetanic stimulation of afferent fibres to CA1 
pyramidal cells in hippocampal slices is also consistent with a 
presynaptic mechanism. However, there has been no direct 
evidence relating LTP to an increased stimulus-dependent 
release of transmitter. We have now investigated whether LTP 
in the perforant path (PP) of the rat is associated with a change 


‘in the release of neurotransmitter. A modification of the push- 
pull cannula technique has enabled us to infuse *H-glutamine 
‘and measure the subsequent release of newly synthesized *H- 
‘glutamate, and at the same time to monitor the field potentials 


LTP in this pathway. 





_. molecular 


We thank Drs M. Tsutsumi, H. Inagaki and T. Okada for | 


‘evoked in the dentate gyrus by stimulation of the PP. We have | 
found a prolonged increase in the release of glutamate, the - 
probable transmitter of the PP**"*, following the induction of 7 

-were given at a lower frequency (2 Hz) 
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etized rats, a pus laced in the- 
yer of the dentate gyrus, where | PP fibres terminate 
on the apical dendrites of granule cells. Two insulated stainless- 
steel wire recording electrodes were attached to the outer 
cannula so that the exposed tip of the upper electrode lay 
roughly midway between the ends of the inner and outer can- 
nulae, and the lower electrode extended 0.2-0.4 mm beyond 
the inner cannula (Fig. 1a). Correct placement of the elec- 
trode/cannula assembly was achieved by lowering it to a depth 
at which the negative-going potential evoked by stimulation of 
the PP was maximal, as recorded through the upper (dendritic) 
electrode. The potential recorded through the lower (somatic) 
electrode, positioned in the granule cell body layer, was used 
to monitor synaptic transmission during the experiment, the 
amplitude of the initial positive-going component of this 
response, which we refer to as the synaptic wave (Fig. la), was 
used as a measure of the strength of synaptic activation’®. 
Following the induction of LTP by a high-frequency stimulus 
train (see Fig. 1 legend) an increase in the amplitude of the 
synaptic wave normally occurs (Fig. 1a), persisting with little 
decrement after the first 15 min (Fig. 1, high-frequency train 
delivered at the time indicated by the arrow, mean of 11 animals 
showing LTP). 





To investigate the release of glutamate in the dentate gyrus, | | 


the area to be perfused was preloaded with the radiolabelled 
precursor, “H-glutamine. Because the enzyme glutaminase, 

















which converts glutamine to glutamate, is concentrated in pre- . 
synaptic terminals’, most of the infused *H-glutamine is prob- 


ably taken up by the glutamate-utilizing terminals of the PP, 
rather than in postsynaptic or non-neuronal elements’*~”. 
3H-glutamine (20 pCi) was infused through the inner cannula 
over 30min. One hour later, petfusion with oxygenated 
medium was begun. The *H-glutamate present in sequential 
fractions of the perfusate was separated and measured as 
described in Fig. 2 legend. | | 

In control experiments, the release of “H-glutamate into the 
perfusate while the PP was stimulated continuously at 0.1 Hz 
showed a steady decline during the perfusion (Fig. 2a). The 





release of *H-glutamate was at least partially stimulus depen- ` — 


dent, since in seven animals, when the rate of stimulation was _ a 
increased 30-fold, from 0.1 to 3 Hz, and the stimulus voltage 


was doubled, 120 min after the start of perfusion, the release 
of *H-glutamate was markedly increased (Fig. 24). Note, 


however, that although larger potentials were recorded. with -o 
no decrement throughout this 75-min period of increased stimu- 7 


lation, the mean outflow of “H-glutamate returned to a level 
not significantly greater than control values within 45 min, 
possibly due to depletion of the pool of *H-glutamate. 

In another set of animals, the pattern of “H-glutamate release 
following the induction of LTP was investigated. The PP was 
stimulated at 0.1 Hz throughout the experiment, and superim- 
posed on this, a high-frequency train (250 Hz for 0.5 s, stimulus 
voltage doubled) was delivered to the PP 120 min after the 
start of perfusion (arrows in Figs 1b, 2c and d). LTP of the 
PP-granule cell synapse (as judged by an increase in the ampli- 









tude of the synaptic wave lasting for 30 min or more) was- : 


produced in 11 out of 17 animals. The mean time course of 


potentiation is shown in Fig. 16 for all the animals in which 


LTP occurred. All these animals showed a prolonged increase 
in the release of *H-glutamate after the induction of LTP; 
indeed, the average level of released “H-glutamate in the 
potentiated animals remained above the corresponding average 
control value until the end of the experiment, 75 min later (Fig. 
2d). In contrast, the sixanimals which received.a high-frequency 
train, but in which the criteria for LTP were not met, showed 
only a slight elevation of “H-glutamate release following the 


train compared with control animals (Fig. 2c). As a further _ 
control that the prolonged increase in “H-glutamate release > 


shown in Fig. 2d was associated with the events following the 
high-frequency conditioning train rather than the train itself, 
the same number and strength of stimuli used to produce LTP 





o five animals, 120 min ~ 












A push- 
formed on male Sprague- 
fats (300-330 g), anaesthetized with 
Sg ke intraperitoneally). a, Two 
electrodes (insulated stainless-steel 
0.1 mm o.d.) were glued to the outer 
1) tube of the concentric push-pull 
inula (0,83 mm o.d., Plastic Products, Clark 
ectromedical). The upper electrode pro- 
ruded 0.2 mm, and. the lower electrode 0.5- | x 
0.7mm below the outer cannula, The elec- Dentate a 
`o trode/cannula assembly was lowered 8yrus gf | 
' stereotaxically into the dentate gyrus of the Granule O 100 120 140 160 480- : 
hippocampus. The outer cannula was fixed to cells | | r fey a 
the skull with dental cement, and the inner Time after start of perfusion (min) 3 
= (“push’) cannula was then lowered so that its tip protruded 0.3 mm below the outer cannula. The PP was stimulated throu | ! Ei 
= -i stimulating electrode (Rhodes, Clark Electrochemical) with constant voltage pulses (0.05 ms, range 10-50 V) ata strength near threshold for 
a population spike (the negative-going spike superimposed on the synaptic wave and reflecting the discharge of granule cells), Throughout the 
experiment, evoked potentials were recorded every 90 s on a chart recorder salves pick g 
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0.5 s, stimulus voltage doubled). b, Graph showing the mean per 
mals (n = 11) which displayed LTP after. receiving a high-freq 

perfi In each animal the amplitude of the synaptic wave was measured at a fixed laten 
centage of its mean amplitude during the 30 min preceding the conditioning train. OG ee as 






2 In vivo release of *H-glutamate from 250 
‘the dentate gyrus perfused through a push-pull 
cannula. In all experiments °“H-glutamine 
{20uCi, 0.75nmol) was infused in 3 yl 
oxygenated (95% O2/5% CO.) perfusion 
‘medium (composition in mM: Na”, 152: K*, 
; Mg"”, 1.2; Ca?*, 1.8; CF, 140; HPOL”, 
*, 1.2; HCO4”, 16; glucose, 10) con- 
‘trace of phenol red, at a rate of | 
“. Perfusion with continuously — 
nated medium at 10 xl min” ' was begun 
ef, using a dual-channel peristaltic pump. 
juential 7.5-min fractions of perfusate were 
lected on dry ice. The phenol red served to 
ark the entry of the perfusate into the fraction. 
collector, and thus the lag time of the apparatus 
- (8 min). “H-glutamate was separated from `H- 
y-am inobutyric acid and from their precursor 
“H-glutamine as previously described?!” 
_ using anion-exchange columns. The *H-gluta-_ 
¿mate released in a single experiment was 
expressed for each fraction as a percentage of | 
the release in the fraction ending at 120 min. 
ses.for each group of animals are given as a ad EE aa A oe GE ahaa tak th 
+1s.¢.m. for all fractions between 90 , | | ) 
Simin following the start of perfusion. | ee ee 
ntrol perfusion, PP stimulated continu- Time after start of perfusion (min) 
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Release of *H-glutamate in 7.5 min 


(% of release in fraction ending at 120 min) 












d, PP stimulated continuously at 0.1 Hz, and at 120 min after the start of perfusion (arrow) a conditioning train was given (see Fig 
1 legend). c, ? H-glutamate release in animals not showing LTP (n = 6). d, H-glutamate release in animals showing LTP (a = 11). 


after the start of perfusion. No potentiation occurred, and there postsynaptic events in the long-term e 
<- was no difference in “H-glutamate release relative to controls, efficacy remain to be determined. 
Apart from a small increase in the fraction corresponding to the 
_. low-frequency train (results not shown). 
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_ Reversal of current through calcium 
-channels in dialysed single heart cells 
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-Calcium channels contribute to important cellular functions 
such as impulse conduction, rhythmic activity, muscle contrac- 
“tion, and secretion’ and are a major target for modulation by 
““peurohormones and drugs™”. Despite their importance, Ca 
channels are much less well understood than Na and K channels 
because of several problems reviewed by Hagiwara and Byerly’. 
First, few preparations allow good control of electrical potential 
and ionic composition on both sides of the membrane, yet 
display strong Ca currents. Second, current carried by Ca 
channels is often obscured by ion movements through other 
nembrane pathways. Third, outward current flow through Ca 
hannels, carried by Ca** or any other ion, has been difficult 
to demonstrate. This is unfortunate because measurements of 
the potential at which current reverses (E,.,) have been crucial 
in understanding ion permeation and selectivity in other ionic 
channels (see ref. 4). In molluscan neurones, attempts at record- 
ing outward current through the Ca channel have not succeeded, 
‘largely because of overlap by nonspecific outward current’. 
“In multicellular cardiac muscle preparations, strong depolariz-. 
ations produce a decaying outward current that Reuter and 


“Ca channels in single isolated heart muscle cells**"? 


currents while controlling potential and ion composition on 


evidence for a genuine reversal of ionic current through Ca 

< channels due to outward movement of K* ions, in support of 
the hypothesis of Reuter and Scholz. 

Single isolated cells were obtained from the ventricles of 


lagenase and hyaluronidase. Relaxed cells with cylindrical 
geometry were chosen for study; in a separate series of micro- 
electrode recordings, such cells displayed resting potentials near 
_~80 mV, vigorous contractions, and action potentials with full 
plateaus. A suction pipette (tip diameter 5-10 pm) provided 
access to the inside of the cell for voltage clamp and internal 
_ dialysis’*. The internal dialysis fluid contained (in mM): 75.5 K- 
aspartate, 29 K,HPOs, 17.5 KH.PO,, 5.5 glucose (pH 7.0, pCa 


replaced by caesium salts. Except where otherwise noted, the 
external solution contained (in mM): 137 NaCl, 11.9 NaHCo,, 
0.42 NaH,PO,, 5.4 KCl, 1.05 MgCh, 1.0 CaCl, 5.5 glucose 
“and 10 pM tetrodotoxin (TTX, pH 7.4). In these solutions, the 
resistance of the suction pipette tip was usually 0.8-1.2 MQ, 
and the magnitude of the peak inward Ca current was a few 
- nanoamperes. The resulting ohmic drop of a few millivolts was 

offset by series resistance compensation. Transmembrane vol- 
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Scholz attributed to K efflux through the Ca channel“. Their 
interpretation is controversial, however, since the evidence. 
‘leaves open other explanations for the outward current—for 
example, Na efflux via Na-Ca exchange’, or K efflux through 
- K-selective channels. To overcome these problems, we studied | 
: using a 
suction pipette method’*. We were able to record robust Ca- 
currents with minimal interference from other time-dependent | 


both sides of the membrane. Here we present experimental 


~~ adult guinea pig hearts by enzymatic dissociation using col- 


6.4). In some experiments (Fig. 2a, b), potassium salts were | 


tage and current signals were recorded and analysed using a l 












This pattern of 
each of the 70 cells we examined; with 1 mM Ca** outside- 
and 150mM K` inside, Ee was always found near +60 or 
+70 mV. 

Figure 1b illustrates the inversion of time-dependent current 
over the time scale of Ca channel inactivation. If the reversal 
is a property of current flow through Ca channels themselves, 
it should also be evident during the first few milliseconds follow- 4 
ing a clamp step, as the Ca channels open. Figure 1c, d shows 
records taken at a fast sampling rate in another single cell. The 
traces show membrane current after subtraction of linear 
capacity and ‘leak’ currents. Activation of inward Ca current 
becomes increasingly rapid over the range between -30 and  ; 
+10mV (c). This is in qualitative agreement with previous 
work on multicellular preparations (for example, ref. 8), but at > 
all potentials the time-to-peak Ca current is briefer in these. ~ 
single cells. The family of records in panel d shows the ` 
behaviour at more positive potentials. The time-dependent _ 
current is maximally inward at +20 mV, virtually absent at 
+75 mV, and increasingly outward beyond this Eev. Thus, the _ 
records are consistent with a true reversal of Ca channel current. - 

The ionic nature of the outward current at strongly positive 
potentials was explored by varying the ionic composition of the 
external or internal solutions. The outward current cannot be 
attributed to Ca efflux because intracellular free Ca°* was kept 
low by the internal anions, and in some experiments (Fig. 2a), | 
by internal EGTA as well. (The effectiveness of the Cao 
buffering was indicated by the absence of contractile activity _ 
even at strong depolarizations). Furthermore, the decaying — 
outward current cannot be explained by Na“ efflux carried by i 
electrogenic Na-Ca exchange as proposed by Mullins’, since it 
was seen in the absence of internal or external Na’ (Fig. 2a), - 
or in the absence of external Ca” (Fig. 2d). The experiment 
illustrated by Fig. 2a, b went on to test the idea that the outward 
current is carried by K* ions. We found that the decaying 
outward current was abolished when Cs replaced K in the _ 
internal dialysate (b), as expected if K* ions carry current much -~ 
more effectively than Cs” ions. 

If potassium ions carry the outward current, does K” move 
through the Ca channel itself, or through another pathway such 
as a K-specific channel? One possibility is that K-efflux occurs 
through a Ca-activated K current, Ika. This is a reasonable 
hypothesis since such currents have already been found in heart — 
(for example, ref. 14), but it would require near-perfect cancel- 
lation of Ic, and Ikea at the apparent reversal potential (Fig. 
1d), a result not found in systems where these currents are 
known to overlap (for example, ref. 15). Figure 2c-e provides 
direct evidence against an explanation involving Ixica). Panel c 
shows inward Ca current at 0 mV, and decaying outward current 
at +90 mV. Removal of extracellular Ca (d) abolishes the 
inward Ca current, and increases the background leak conduc- 
tance, but leaves the decaying outward current at +90 mV 
virtually unchanged. This argues against Ixıca as the mechanism ` 
of the outward current, since removal of Cay should quench — 
any intracellular Ca transient that occurs beneath the surface 
membrane despite the presence of internal Ca buffers. The 
ineffectiveness of external Ca removal contrasts with the . 
immediate abolition of the time-dependent outward current by 
exposure to the inorganic calcium channel blocker Cd** (Fig. 
2e; see also Fig. 4d-f) 0 











itage and time-dependence of Ca channel cur- 
‘otal membrane current records during a series 
Olarizing pulses from a holding potential of —40 mV 
‘Is spaced 10 mV apart. Pulses separated by. at least 
capacity and leak current not subtracted. Current signal 
vas filtered at 1 kHz and sampled at 1 kHz. Cell 64B. c, d, 
Membrane current records on a faster time scale from 
_ another cell, after digital subtraction of capacity transient 
i and leak current. Current signals were filtered at 3 kHz. 
<- Sample rate was 10 kHz initially, then 1 kHz starting 5 ms 
after onset of voltage pulse. Linear ‘leak’ conductance and 
-capacity current were estimated as the current during a 
‘hyperpolarizing pulse from —40 to ~50 mV at the end of 
the run. ‘Leak’ conductance was 0.035 uS. The capacitative 
sient settled with a final time constant of 235 us and its 
sponded to a total cell capacitance of ~184 pF. 
ints are not shown for the first 300 ys.after the onset 
ge pulse while the membrane potential settled 
rent signal came into the range of the 

nalog-to-digital converter, Cell 796, 
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~ Fig. 2. Effects of removing internal K” or external Ca**. a, b: 
© Effect of Cs” substitution for K* on decaying outward current. 
.. Total membrane currents recorded in 0-Na 0-K solution contain- 

“ing (in mM): 1 CaCi,, 2.8:-MgCl., 84 Cs-aspartate, 146 sucrose 
and 5.5 glucose, buffered to pH 7.4 with Tris. All internal solutions 
tain 10 mM K-EGTA. Addition of EGTA reduced the free 
neentration in the dialysate {kindly measured by Dr C. 
ising Ca’ *-sensitive microelectrodes) from ~0.4 uM to 
ectably low level. Voltage steps from a holding potential 
© levels indicated. b, Records taken with 150 Cs* in 
in internal solution; a, records taken 2 min after 
al solution to the usual 150 KŻ dialysate. Cell 66B. 
es in external divalent cation concentration 
Ti: using solutions decribed itext: c, with 
0-Ca +100 uM Cd outside. 

a solution. Cell 47B. 


Can the decaying outward current be explained by the 
behaviour of a conventional \ Itage-dependent K channel? We 
found no reduction of the decaying outward current with 20 mM 
internal tetraethylammonium (TEA) or 1mM external 4- 
aminopyridine (4- AP), levels. that are usually effective at 
inhibiting K channels in heart and other excitable cells'®' 
Unfortunately, higher doses se agents were precluded b 
apparently nonspecific side e 
large outward holding curren snd increased leak conductance 
even at 20mM, intracellular TEA quickly. diminished 
inward Ca current and hastened the disappearance ofall time 
dependent current changes. = 

The most critical tests of whether the decaying outwar 
current is carried by Ca channels came from experiments wh 
Ca channels were blocked pharmacologically or inactivated by 
membrane depolarization. The idea behind the experiments 
was simple: if there is a genuine reversal potential where Ca 
channel current is zero because Ca influx and K efflux cancel, 
interventions that selectively inhibit Ca channels should have | 
no effect at that potential. Figure 3 shows the effect of D600, 
a potent methoxy derivative of verapamil that is widely used 7 
as an inhibitor of Ca channels. A run before exposure to the 
drug shows a typical inversion of time-dependent current (a). 
After exposure to 0.3 uM D600 (b), both decaying inward and 
decaying outward currents were inhibited; the residual current 


in D600 is nearly linear and time-independent over the voltage 


range illustrated. Figure 3c superimposes current traces taken | 
at three key test levels before and after D600. At the putative 
reversal potential, where time-dependent current vanishes, con- 
trol and D600 traces coincide, just as expected if the driving 
force for net Ca channel current were zero and if D600 ha 
no effect on leakage current. | 
The voltage-dependence of peak current and late current as. 
obtained by this D600 dissection are plotted in Fig. 3d. Som 
features of the current-voltage relationships are surprising 
First, late D600-sensitive current is appreciable, even thoug 
the predominant time-dependent current change seems large! 
complete at the end of the 150-ms clamp pulse (c): Second 


persistent D600-sensitive current is significant even over t 


range between -50 and ~30 mY, where: ther 
































results illustrated in Fig. 3 are representative of a total 
of five ‘experiments with 0.1-5 uM D600. The simplest inter- 
pretation is that Ca channel current truly reverses and that 
D600 blocks current flow in either direction. It could be argued 
that the null effect at E,., is fortuitous, and that D600 not only 
blocks the Ca channel but also a voltage-dependent K channel. 
However, this explanation is very unlikely in view of the more 
extensive evidence illustrated in Fig. 4. Using the approach 
-introduced in Fig. 3, we looked at varying degrees of Ca channel 
- inhibition, not only by D600 (Fig. 4a-c), but also by the 
<: inorganic blocker Cd” (Fig, 4d-f), and by inactivation with 











“ments, partial reduction of inward current below E,ey was associ- 
cated with a partial decrease of outward current above Erev, 
while the nearly time-independent current near E,., remained 
essentially unchanged. These results provide strong evidence 
-for a genuine reversal of Ca channel current at strong depolariz- 
tions. At the nearly physiological concentrations of Ca** and 
K* used in these experiments, the outward current is due to 

* efflux through the channel, as originally hypothesized". K* 
ions are not the only monovalent cations which can permeate 
the Ca channel. An outward movement of Cs” ions can also 
detected in external media lacking permeant divalent cations 





ovement, the outward Cs* current can be inhibited by D600, 


a b i 
Control 0600 
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Rig. 3 Pharmacological dissection of calcium channel current 
using D600. a, Total membrane currents recorded during 
depolarizing pulses from ~40 mV to levels spaced 10 mV apart, 
in conditions similar to Fig. 16. b, Current records associated with 
“the same set of voltage pulses after 5 min exposure to 0.3 uM 
“D600. c, Repeat of current traces in a and b, for pulses. to 0, +60 
and +100 mV, The shaded areas indicate D600-sensitive current. 
Peak (A) and late (©) D600-sensitive current at 100 mV were 
“measured as indicated. d, Voltage-dependence of peak and late 
-D600-sensitive current measured from signals shown in a and b 
= and from records during pulses to levels below 0 mV, Arrow marks 
- holding potential. Symbols at. ~40 and —50 mV denote changes 
: in steady, current. Cell 64A. 





i depolarizing prepulses (Fig. 4g-i). In all three types of experi- 


containing barium instead of calcium. Like the outward kK. 


‘d, or depolarizing prepulses; these interventions have no effect 





side of Em? a 


There is no conflict between thes teith in ı heart cells end: 
earlier studies in dialysed molluscan nerve cells that did not 
show outward current through Ca channels*’, “7 The neurone 
experiments were done with Cs* or Tris” as the intracellular 


_ cations, with Ca?” outside. In similar ionic conditions, our heart — 
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Fig. 4 Graded effects of interventions that reduce Ca channel 
conductance. ac, Progressive development of D600 inhibition: a, 
1 min after beginning D600 exposure, before any significant .Ca 
channel block, 6, after 3 min, when inward Ca current was roughly 
halved; c, after 6 min, when D600 effect had reached steady state. —. 
Cell 65C, Panels d-f, graded effect of external Cd?*. The records 
in d and e were taken within a few minutes after increasing the. 
external Cd** concentration, after block had reached i steady state. 
In a total of six experiments using 10-500 pM Cd**, four cells 
showed no significant change in the level of current at the apparent 
reversal, one cell showed an upward shift, and one cell gave a 
downward shift. The Cd°*-sensitive current resembled the D600- 
sensitive current illustrated in Fig. 3d. The speeding of inactivation 
evident in panel e was a consistent finding at. low levels of Cd** 
Cell 46A. Panels g-i, graded inactivation by. conditioning prepulses 
to ~10 mV. The current records were evoked: ‘test pulses from 
a holding potential of -40'mV to the levels indicated. g, No 
prepulse preceding test pulses; A, 0.58 conditioning prepulse, 
separated from test pulses by 20 ms repolarization to ~40 mV; i, 
2 s conditioning prepulse. Time-dependent current were reduced 
to a greater extent in i than in h; the Ca current recorded during | 
PE to. 710 mV. showed a corresponding. slow. decline a 
p 5 and:2 s. Cell TIA, i ee a 






















and +120 mV (Fig. Jb: ‘ref. 18). It i is interesting siet 
s current can only be detected in the absence of 
a. Presumably, Ca” ions bind to the channel much 
strongly than Ba?” ions’, preventing significant outward 
er ent of Cs*, but not the efflux of the more permeant 














These experiments show for the first time the feasibility of 
- studying cardiac Ca channels while changing intracellular ions 
at will. As in the case of various patch clamp techniques”, 
< thé suction pipette method offers its own unique combination 
_ of advantages. The relatively large pipettes used here give direct 
-recordings of ensemble properties of ionic channels, like whole 
cell recordings using fine-tipped pipettes'”*', but they also allow 
manipulation of the medium on the cytoplasmic side of the 
membrane, like cell-free patches'”*°. Lability of Ca channel 
function does not seem to be a serious problem: inward and 
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The permeability of cell membranes to Ca? ions is of great 
importance for a variety of cellular functions such as secretion 
of neurotransmitters and hormones, or contractile activation 
| of heart cells. In several. cell types including cardiac muscle, 
Ca?” channels are gated by membrane potential and regulated 
by  neurotransmitters'™ . We have used the patch clamp tech- 
_ nique’ in order to obtain information about the properties of 
-single Ca channels in cultured heart cells. With Ba’ carrying 
< the inward current the single channel slope conductance is about 
25 pS, and the probability of channel opening increases 
markedly with voltage. The channels become inactivated over 
membrane potential range of about 60 mV. The mean channel 
open time is about 1 ms at 25°C. However, a second much 
~ slower clustering behaviour primarily determines the slow acti- 
_ vation time course of averaged currents. Isoprenaline does not 
affect single channel conductance, but seems to lengthen the 
| mean open time and to decrease intervals between bursts. 
‘Tissue cultured myocytes were obtained from neonatal rat 
ts’°. After seeding, the cells were incubated for 2-4 days 
alre. medium containing 0.1 mM 8-bromo cyclic AMP 
ase the likelihood of detecting single Ca channels’. Most 
d for our experiments had spindle-like shapes and 
ons. Single-channel currents were recorded from 
ache membrane patches with seals between 10 and 
ef. 4). The recording pipette contained 96 mM BaCl, 
‘ith 20 uM tetrodotoxin (buffered at pH 7.4 with 
ES); thus, the current carrier was Ba** rather than 
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external Ba. ene variations in naalala constituents 
might give further improvements. But our experience already. 
augurs well for future studies on modulation of Ca channels by 
adrenaline, acetylcholine or digitalis, and the role of putative- 
intracellular mediators such as cyclic nucleotides or Ca- 
ions™???, Intracellular Ca is also thought to promote Ca channel 
inactivation in a variety of excitable cells” including certain 
heart cells (for example, ref. 24). However, this cannot be the- 
only mechanism since, as Fig. 2d shows, outward current 
through these Ca channels undergoes inactivation even in the — 
absence of permeant divalent. cations. oii 
We thank Esther W. Lee for technical assistance and B. P. 
Bean and R. W. Aldrich for helpful discussion. This research 
was supported by the American Heart Association and the 
USPHS. ae 
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Ca**. The E of the bathing solution was (mM): NaC 1 
137, KCI 5.4, MgCh 1, CaCl, 0.02, glucose 10, HEPES buffer 
10 (pH 7.4); temperature 24-26 °C. Consistent results have 
been obtained from experiments on 24 patches with Ca channel 
activity, most of which had only a single Ca channel present 
Our analysis of single Ca channel properties presented here is 
based primarily on results obtained from five patches, each 
which provided rather complete information; three of thes 
had only a single Ca channel present. . 

Calcium channels switch. randomly between open and closed 
states, and appear not to dwell at intermediate conductance 
levels; some depolarizations produce one or more channel 
openings of various durations, whereas for others, the channel 
fails to open at all (Fig. 1). : 

The steady-state probability that a channel will be open: 
depends on membrane potential, as does the current that flows 
while the channel is open (Fig. 2). We have estimated the single - 
channel current (i) by eye (Fig. 2a) and calculated open proba- 
bility (p) from 











































I = Npi (1) 


where the mean current J was found by time-averaging the. 
current flowing through calcium channels over 50 or 100 ms, 
and N is the number of channels functioning in the patch (N = 1 
for Fig. 2). The probability of a channel being open increases 
with depolarization, at a maximum rate of about e-fold per 
10 mV, from nearly zero at a membrane potential of ~30 mV 
to 0.7 at around +30 mV. Over this same voltage range, the 
open channel current-voltage relationship is approximately 
ohmic with a slope conductance of about 25 pS (isotonic BaCl, 
extracellularly). 

During long depolarizing steps Ca channels show inactivation ` 
that is 20 or 30 times slower than activation (Fig. 3a). We- 
studied steady-state inactivation by measuring Ca channel cur- ` 
rents at a fixed potential after holding the membrane potential 
at various conditioning levels (Fig. 3b). This inactivation occurs: 
through a decrease in the probability that a channel is availabl 
to open, and not through a decrease in single channel current, 
i. Steady-state inactivation increases with conditioning 
depolarization and can be fitted by a Boltzmann distribution. 
Channels are half-inactivated ata membrane potentia of abs 























(2) 


where p is the fraction of the time a channel spends open (from 
quation (1)) and r is the average opening rate obtained by 
counting the number of opening transitions n during the period 
© T over which the time-averaged current was calculated (r = 
`n) T). When necessary the average opening rate was corrected 
“for openings too brief to be detected; this correction assumed 
-<an exponential distribution of open times, and was at most 1%. 

The mean open time was always close to 1 ms. For example, 


-for the experiment that yielded the records shown in Fig. 2, 













Fig. 1 Single Ca-channel currents from cultured rat heart. cells. 
In record a, the capacitive transient was reduced by analog com- 
3 pensation’, The eight sequential records in b have had the remain- 
> ing capacitive transient and the leakage current subtracted (the 
first record in 6 is derived from a). Records were inspected 
visually, and portions containing channel activity. or obvious: 
artefacts were excluded from the leakage current average. Mem- 
brane potential. of the patch was held at 20mV negative to the 









ial of this cell was estimated to be ~50mV jas 
omparing ‘unit currents. through Ca-activated inward current 
channels” in these cell-attached patches with the unit current 


































-. the Ca channel currents and ma 





urrent. 





esting potential (RP) and stepped to RP + 50 mV. Resting poten- 
0 mV; this was done by- 


carried by Ba?” ions through such channels in detached patches, — 
for which the true membrane potential is known (D. Colquhoun, 
= E: Neher, H.R. and C.F.S., unpublished results), These channels. 
~ were frequently observed in these experiments, but in the voltage _ 
"a small-unit current; thus, they can « asily be distinguished from 
e no appreciable contribution to. 
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Vu (holding potential) = RP; right, Vy = RP + 50mV (RP = 












nopen time. increased from 0.65 ms at a pulse potential 
to 1.4 ms for an 80 mV pulse. Although the standard 
ors of these measurements are less than 10% of the mean, 
stimate that systematic errors of closer to 15% are present 
e to uncertainties in counting opening transitions (the inter- 
ted reader should count openings in the records of Fig. 2). 
Our values for mean open time are therefore close to the 
= estimates reported for Ca channels in snail neurones? and 
< bovine chromaffin cells’. | 
> The Ca channels studied here exhibit. distinctive gating 
behaviour. Their openings are not dispersed at random through- 
out the period of depolarization, but rather tend to occur in 
groups of two or more closely spaced openings. separated by 
mger silent times (see Fig. 2a, +60 and +70 mV). It is as if 
hannel enters an ‘activated’ condition in which it rapidly 
kers open and closed. The average current is activated (see 
ig. 3a, upper row) with a time constant on the order of 10 ms, 
nd this longer time seems to reflect the burst length rather 
than the characteristic time (~1 ms) of the individual openings. 
The B-adrenergic agonist isoprenaline, mimicking the action 
of the hormone adrenaline, causes an increase in cardiac calcium 
-currents'*’°. We have investigated the effects of this drug at 
the single channel level in several preliminary experiments. 
Isoprenaline caused no increase in the single channel current, 
but in one experiment (10 uM) it produced a 60% increase in 
os the mean open time which was manifest as a corresponding 
- increase in the probability from 0.06 to 0.09 (Vma = +10 mV). 
A-similar but smaller effect was observed in a second experiment 
(1M). If this effect is confirmed by a more complete analysis, 
isoprenaline can be viewed as causing an increased conduct- 
, at least partly, by altering the fraction of time an 
ted’ channel T in its open state ise ref. o 






























bab ty of anne: opening over His same \ otential 
e activation of Ca conductance occurs’*’. Our single 
ords exhibit steady-state inactivation kinetics similar 
‘or global Ca currents" = . However, in con- 





Fig. 3 inactivation of Ca channel currents. a, Ca channel currents at a fixed potential, stepping from two. different holding potentials. Left, 
~70 mV). Command potential is RP +90 mV in both cases. At top is the average 
TË nt , calculated from about 20 individual records, for each holding potential (leakage current subtracted). There is no significant change ir 

: eak when the averaged records are scaled to the same amplitude. Below are examples of three individual records from each hol ing 
; (same scale as averages). Dotted lines on the individual records are spaced 0.86 pA apart, which is the size of a single channel 
P+! mv | -Notice u additional A which occurs ona very slow (hundreds of Ero) time scale. 2 Thig T showeda 


tT reat of open channel: is iound d by y dividing t the average current during the first 50 ms of the test palie a the unit open chanel current whi sh 
did not vary with holding potential. The solid line is a Boltzmann distribution: | 


N = Noll +exp UVa ~ Vos/KT 


with parameters chosen for the best visual fit: No= 2.4 openchannels; Vos = RP +35 mV; k = 10 mV. The open circle is a repeat of the Vy = RP 
point, done at the end of the inactivation series. Observations of Ca channel activation before and after the inactivation experiment illustrated :. 
$ here agree closely with the activation curve in Fig. 2b. : 


estimated from fluctuation analysis in molluscan neurones i 
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trast to previous results there is a smaller range of overl 
between potentials where channels open and become ina 
vated. This may partly be due to the fact that we have ust 
isotonic BaCl, solution i in our pipette which is known to alte 
surface charges’? and thereby shift activation and inactivati 2 
ranges along the voltage axis. We have used Ba** instead o 
Ca** ions. because of their higher permeability through Ca 
channels** 7 

Our measurements of single channel conductance yield valde 
that are more than an order of magnitude larger than thos 


comparable conditions'*. However, they are consistent wit 
two reports on single Ca channels in snail neurones‘, and bovir 
chromaffin cells’. In the latter note, bursts of channel openings 
presumably similar to those observed in our study, have also 
been mentioned. ae 
In comparison with Na channels'*'*, Ca channels show a. 
much more complex kinetic behaviour. There is a fast gating 
process (mean channel open time ~1 ms at 25 °C) and a slower 
one that results in bursts. It is interesting to speculate that one | 
of the gating processes is regulated by some intermediate meta= 
bolic step, such as phosphorylation of the Ca channel. In this 
respect it will be important to pursue our preliminary isoprena- _ 
line results, since B-adrenergic catecholamines are thought to — 
regulate the Ca conductance through such a mechanism’”. : 
This work was performed in the Department of Phar- . 
macology, University of Berne and was supported by the Roche- 
Research Foundation and the Swiss NSF. We thank C. Becker 
for providing tissue culture cells, Dr A. Cachelin for help with. 
some of the experiments, and Roche Animal Farm, Fillinsdorf 
for the gift of pregnant rats. . 
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Calcium-binding protein parvalbumin 
is associated with fast 
contracting muscle fibres 
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The basic mechanism underlying the contraction—relaxation 
cycle of vertebrate muscles is a Ca?” exchange between the 
sarcoplasmic reticulum and the myofibrils. Relaxation is 
achieved by retrieval of Ca** from the myofibrils and transfer 
to the sarcoplasmic reticulum. However, it is uncertain whether 
the rate of Ca’* uptake by the sarcoplasmic reticulum can 
account for the known speed of relaxation'”. In fast contracting 
muscles the Ca’*-binding protein parvalbumin is postulated to 
facilitate relaxation’ *. Using immunohistochemical techniques, 

we show here that parvalbumin is located exclusively in type 
` H (fast-twitch) mammalian skeletal muscle fibres which can be 
_ further subdivided into five subgroups displaying distinct stain- 
` ing intensities. As the active state decays more rapidly in fast 
_ than in slow muscles”””, our results support the contention that 
_ parvalbumin may be concerned with rapid muscle relaxation’ * 
and in addition suggest a range of relaxation properties in 
muscle fibres belonging to the same histochemical fibre type. 

Newborn and adult Wistar rats of both sexes were killed and 
various skeletal muscles quickly dissected out, stretched and 
frozen in isopentane cooled by liquid nitrogen. The muscles 
were then divided and the respective halves separately pro- 
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cessed for histochemical and immunohistochemical localization. 





Additionally, heart muscle tissue taken from the atria and 
ventricles, smooth muscle tissue of the gut, great vessels and 
non-pregnant uteri, as well as specialized, small cross-striated 
muscles with a high intrinsic speed of contraction (external eye 
muscles and intrinsic laryngeal muscles’) were dissected out, 
fixed in Bouin fluid and embedded in paraffin. The high solubil- 
ity of parvalbumin prevented the use of unfixed or postfixed 
cryostat sections for the immunohistochemistry. Monospecific 
antisera to rat muscle parvalbumin were used in dilutions up 
to 1:30,000 in phosphate-buffered saline (PBS). The specificity 
of the antisera has been described elsewhere''; there is no 
cross-reaction’’ with troponin-C, calmodulin or S-100 protein. 
Sections were further processed according to the unlabelled 
antibody technique of Sternberger’*. Briefly, goat-anti-rabbit 
IgG (Nordic) was applied for 30 min, followed by peroxidase- 
antiperoxidase complex (Sternberger—Meyer Inc.). The peroxi- 
dase-dependent reaction was detected by means of diaminoben- 
zidine HCI/H,O3. Control slides were processed identically and 
simultaneously with preimmune sera of the same animal and 
with preadsorbed antisera. 

Parvalbumin immunoreactivity in the extensor digitorum 
longus muscle of newborn rats appears on postnatal days 3 or 
4. In adult rats, anti-parvalbumin antisera stain extensor 
digitorum longus extrafusal muscle fibres in at least five different 
degrees of intensity (Fig. 1a). In the soleus muscle the parval- 
bumin immunostaining is much less conspicuous (Fig. 16). The 
parvalbumin immunostaining pattern (Fig. 2a) was correlated 
with histochemical fibre typing by staining serial sections for 
myofibrillar ATPase’ after preincubation at pH 4.3 (Fig. 2b) 
and with formalin followed by pH 10.6 (Fig. 2c). Several 
laboratories have shown near-equivalence of formalin-based 
and acid-based subdivisions of fast fibres'®’*. Accordingly, 
formaldehyde-resistant fast fibres will here be designated type 
IIA, and formaldehyde-sensitive ones type IIB. The muscle 
fibres could thus be histochemically classified into the main 
groups: type I (Fig. 25) (slow-twitch, oxidative), type TTA 
(fast-twitch, oxidative-glycolytic) and type IIB (fast-twitch, gly- 
colytic)'*'*’° (Fig. 2c). The type IIB fibres showed the strongest 
immunoreactivity towards parvalbumin antisera (Fig. 2a) and 
could be differentiated into two subgroups showing graded 


Fig. 1 a, Survey of a transverse section through the belly of the musculus extensor digitorum longus (EDL; fast contracting/fast relaxing’) of an adult rat 

incubated with parvalbumin antiserum and processed by the peroxidase—antiperoxidase technique’*, The parvalbumin immunostaining shows a chequered 

appearance with at least five different shadowings in staining intensity, even at the extreme antiserum dilution of 1:20,000. b Shows a cross-section of the 

ipsilateral soleus {slow contracting/slow relaxing”) of the same animal processed identically. In the soleus very few muscle fibres are labelled by the parvalbumin 
antiserum. x 150. 
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differences in staining intensity. The type IIA muscle fibres 
were moderately stained in three distinct degrees of intensity 
_ (Fig. 2a). Type I muscle fibres always remained nonreactive 
‘ig. 2a). In muscles spindles, one nuclear chain fibre was 
unolabelled, whereas bag fibres were not (Fig. 3). High 
albumin immunoreactivity was detectable in fibres belong- 
0 the global portion of the musculus rectus lateralis oculi 
‘ig. 46) and in the musculus thyreoarytenoideus lateralis (Fig. 
4a). The slow tonic fibres in the orbital layer of external eye 
muscles (Fig. 4b) as well as the musculus thyreoarytenoideus 
medialis (vocalis) were nonreactive (Fig. 4a). Cardiac muscle 
_ fibres and smooth muscle cells were never labelled by parval- 
bumin antisera (not shown). 
The immunostaining was reproducible for a wide range of 
_ antiserum dilutions. Identical correlations with histochemical 
=i fibre typing were obtained using other fixatives and embedding 
procedures (see figure legends). The staining pattern was 
“homogeneous and evenly distributed over the whole muscle 
‘fibre.in longitudinal section (not shown) and in cross-section. 
e o A discussion of the role of parvalbumin in muscle hinges on 
... the hypothesis that parvalbumin facilitates the relaxation by 
_ shuttling Ca°" from troponin-C to the sarcoplasmic 
reticulum". The sarcoplasmic reticulum is actually well 
-developed in type II muscle fibres*’, which are rich in parval- 
- bumin, and type H muscle fibres form the bulk of fast muscles, 
which as a whole are indeed fast relaxing. Our observation of 
a high parvalbumin content in such fibres supports the notion 
that parvalbumin is implicated in muscle relaxation, as the decay 
of the active state is shorter in fast than slow motor units. This 
assumption is strengthened by the observation that parvalbumin 
immunoreactivity appears on days 3 and 4 after birth in the 
extensor digitorum longus, coincident with changes in contrac- 
= tion properties, in particular the decrease in the relaxation time 
after a twitch or tetanus?” . Similarly, it is probable that the 
‘parvalbumin-positive intrafusal nuclear chain fibre relaxes 
aster than do nuclear bag fibres”. 
_ The teleological meaning of rapid relaxation is that muscle 
bres are sooner ready for a new contraction. It is therefore 
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urprising that parvalbumin immunoreactivity is particularly 
ibres of muscles characterized by very high contraction 
quencies. In the rat”’® these muscles are the external eye 
uscles and the inner laryngeal muscles, both displaying the 
t intrinsic speed of shortening and the shortest twitch 
xation times. 














Fig. 2 Consecutive transverse sections of the EDL of an adult rat, analysed for parvalbumin immunoreactivity (a) and enzyme-histochemical fibre types (b, c) 
| oAdult Wistar rats (Ivanovas) were killed by a blow to the head and the muscles quickly dissected out, frozen in isopentane cooled by liquid nitrogen and halved 

with a precooled razor blade. One part was freeze-substituted with acetone for 1 week at —70 °C and fixed at the same temperature with a mixture of acetone 
¢ (90m), formalin (40% per 5 ml), acetic acid (1 ml) and water (4 ml) for another week. The specimens were thawed, embedded in Paraplast and the sections 
incubated with antisera against rat muscle parvalbumin in dilutions varying between 1:5,000 and 1:30,000 for 48h in a moist chamber at 4°C. The immune 

--gomplex was visualized by the unlabelled antibody technique of Sternberger’. Identical distribution and localization of parvalbumin immunoreactivity were 
«achieved after perfusion fixation of the rat's body with Bouin fluid and embedding of the muscles in paraffin (see Fig. 4 legend). The second half of the muscle 
Was cut in a cryostat and the sections processed for acid-stable (pH 4.3) ATPase activity (4) and formalin/alkali-stable (pH 10.6) ATPase activity (c), following 

=- established procedures'*~'*. Corresponding areas were photographed and muscle fibres identified. Type IIB fibres (b, c) display two distinct degrees of staining 
‘intensity with parvalbumin antisera (I[B’, HB” in a) while type ITA fibres (b, c) may even show three (IIA’, IIA”, HA” in a). ILA” fibres are actually devoid of 
~~ parvalbumin immunoreactivity and in this respect resemble type I fibres. Note that the strongest immunolabelling is detectable in the small-calibre IB’ fibres 
(a). x 148, 


Type I muscle fibres show a relatively poorly-developed 
sarcoplasmic reticulum and lack parvalbumin immunoreac- 
tivity. Like cardiac muscle, they are well provided with 
mitochondria which may be involved in Ca’* homeostasis’. As - 
no isoforms of parvalbumin have been found in rat skeletal 
muscles’’, the relative staining intensities presumably corres- 
pond to differences in the concentration of parvalbumin within 
these muscle fibres and may reflect a continuum in relaxation 
properties. This is consistent with the finding of metabolic 
subpopulations of type II fibres and the proposition of a dynamic. 
continuum of muscle fibres’°*' correlated with the wide spec- 
trum of contraction times*?*?. $ 

An incidental effect attributed to parvalbumin is that it might, 
by releasing heat as it takes up Ca**, contribute substantially 
to the ‘unexplained’ heat output displayed by many muscles. 
early in tetanus”’. This hypothesis may now be tested by com- 
paring muscles with high and low parvalbumin concentrations. 














Fig. 3 Cross-section through the intracapsular polar region of a muscle | 
spindle of the soleus muscle. Four miniature muscle fibres are suspended 
in the spindle capsule, One chain fibre (c) is strongly parvalbumin-reactive ’ 
whereas the second chain fibre (c) as well as the bag fibres (b} are only. 
weakly labelled. The parvalbumin immunostaining of soleus muscle spindles 
was always unequivocal, in contrast to that of identically treated EDL _ 
muscle spindles. I and Il: types I and H extrafusal muscle fibres (as deter- 
mined in following sections treated for the histochemical detection of | 

ATPase). x 250. 

































































Fig. 4 Adult Wistar rats were perfusion-fixed with Bouin fluid and the 
specimens dissected out and embedded in paraffin. Sections 5 ym thick 
were mounted on chrome~alum gelatine-coated slides, dewaxed and incu- 
bated with primary and secondary antisera. a, Cross-section of the rat 
larynx at the level of the vocal ligament. Parvalbumin-immunoreactive 
fibres are restricted to the thyreoarytenoideus lateralis muscle (LAT) and 
‘absent from the thyreoarytenoideus medialis (vocalis, VOC), The LAT has 
extremely short contraction and half-relaxation times’ *", a well developed 
_Sarcotubular system***! and histochemically a very homogeneous IB fibre 
type population, whereas the thyreoarytencideus medialis is histochemically 
eterogeneous (not shown). Almost all muscle fibres in the LAT show a 
-somparable staining intensity with parvalbumin antisera over a wide range 
of antiserum dilutions. ARY, cartilago arytenoidea, THYR, cartilago 
thyreoidea, GLO, glottis. x 125. b, Cross-section of an external eye muscle. 
Only fibres restricted to the global portion (GLO) of the rectus lateralis 
“muscle are recognized by parvalbumin antisera, whereas the small -calibre 
fibres of the orbital layer (OR), with a known slower contraction timet? 

remain unlabelled. The intensity of immunostaining with parvalbumin anti- 
sera varies among muscle fibres, reflecting the presence of a wide range of 

different histochemical fibre types**. x 100. 


-- Our results demonstrate an association of the Ca**-binding 
protein parvalbumin with the fast-contracting muscle fibres of 
‘rat muscles, in agreement with earlier findings on fish 
muscles” >, Parvalbumin could therefore represent a reliable 
system for Ca** homeostasis, allowing rapid cyclic relaxation 
in phasically active muscle fibres. Furthermore, parvalbumin 
-immunohistology seems to be a very sensitive auxiliary tech- 
‘nique to enzyme histochemistry and myosin immunohistology 
for classifying muscle fibres into various subtypes. 
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Natural resistance of mice to infections with Salmonella 
typhimurium and Leishmania donovani is regulated by 
chromosome 1 gene(s) designated Ity and Lsh, respectively” 
Given the fact that these two microorganisms are taxonomically 
and antigenically distinct, and yet the host response to them is 
regulated by the same locus or complex*’, one might expect 
that the resistance to other intracellular pathogens would be 
controlled similarly. Innate resistance of inbred mice to infec- 
tion with Mycobacterium bovis (BCG) is regulated by a single, 
dominant, autosomal gene designated Bcg which is known to 
exist in two allelic forms: resistant Bcg" and susceptible Beg’ 
(ref. 5). The distribution of Beg” and Bcg* alleles, among a 
total of 14 inbred and 38 recombinant inbred (BXD and BXH) 
strains, matches exactly that established for resistant and sus- 
ceptible alleles of Lsk (gene controlling resistance to Leish- 
mania donovani) and Ity (gene controlling resistance to Sal- 
monella typhimurium ), suggesting that resistance to all these 
pathogens is controlled by the same chromosome 1 locus. The 
existence of such a chromosomal locus is further supported by 
the Bcg—Lsh and Beg-Ity linkage as established by formal 
backcross analya 
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ously y with a dispersed inoculum of BCG® at 

-3 x 10% colony-forming units (CFU) of BCG. The 

iable BCG organisms in the spleen was determined 

fter infection. All the inbred mouse strains which 

d segregated into two distinct groups with respect to 

sponse to BCG infection: resistant strains (Bcg’), in 

ractically no proliferation of BCG inoculum occurred, 

susceptible strains (Bceg*), which allowed up to 100-fold 

G multiplication in their spleens (Table 1). Segregation 

Into resistant and susceptible strains matches exactly that 

which was established for Jty- and Lsh-regulated resistance to 
S. typhimurium and L. donovani” ® 

Recombinant inbred strains BXD and BXH (originating from 

othe BCG-susceptible C37BL/6] progenitor, and the BCG- 


-resistant DBA/2J and C3H/HeJ progenitors, respectively), 


_ when infected with BCG, also segregated into two distinct 

groups (Figs 1, 2). The strain distribution pattern (SDP) of Beg 

Beg’ alleles among BXD and BXH strains was found to 
pletely concordant with that established for Iry", Ity’ 
alleles**. One strain deserves a comment: 

sceptible to BCG while reported to be Lsh' 

the (C57BL/6J x BXH-2)F, hybrid mice 

esistant to BCG (logio BCG = 4.69 +0.14), 

ndicating that the phenotypic susceptibility to BCG 

2 strain is caused by a factor unrelated to the Beg 

`- gene that overrides the resistance conferred by the Beg’ allele. 

It is of interest that the BXH-2 strain was also found to express 

-high levels of murine leukaemia virus, and has a high incidence 

_of lymphoma. The basis for these characteristics is not fully 

t nderstood, but was acquired after the ‘strain was already 

bred’, 

e also examined the linkage between Lsh and Beg 

cross population. Fi hybrids between B10.A 

*) and A/J (Bcg" Lsh") were mated to the susceptible 

rent to produce backcross progeny. These were infec- 

BCG, and splenectomized 3 weeks later for Beg typing. 

imals were then infected with L, donovani after a further 
weeks and the Lsh type was established in their livers’. 

‘Preliminary experiments confirmed that neither splenectomy 


‘Table 1 Beg, Ity and Lsh typing of inbred strains of mice 


E Strain l Beg* Ityt - Lshł 


3.90 + 0.40 
3.95.+0.21 
3.95+0,15 
3,710.11 
4.12+0.25 
4,34 £0.22 
4.2140.13 
3,9340.18 
4.13+0;70 


§.80+0.08 
6.18+0,13 
5.75.40.09 
6,035 +0.20 
5.67 + 0.14 


es Mi iie Oa: ies ie S a 
mi go mp po y o Eee a: g 


C57BL/6J 
C57BL/10J 
CE/J 
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tf, Resistant; s, susceptible. All mice except C3H/HeN were pur- 
hased from t D Jackson ‘a Bar Harbor, Maine. ai HeN 


ie Robson and ad Plant and Glynn’ and 


Ò the presence € of rP mutation in that strain, 


‘Table 2 Linkage of Beg with Lsh in segregating backcross pı 


Beg 


log 10 of 
BCG CFU Type 


4,43 r 
3.69 
4.11 
3.97 
3.67 


5.91 
5.70 
5.62 
5.76 
5.56 


3.85 
4.06 
‘5.72 
4.26 
5.61 
3.88 
536 
5.90 
3.82 
4.03 
345 
5.32 
5.15 
4.14 
5.08 
5.92 
5.46 
4.32 
4.11 
5.68 
5.36 
-6,13 
6.12 
4, 08 
3,70 
"6. 45 


Population Type 


(B10.A x A)F, 


laia 


-t 
a lo e E 


haz 


we A Nh PB A 
2 0 B B om 


F; x B10.A backcross 
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r= Resistant; s = = susceptible, Beg typing performed o on: splee 
weeks after intravenous infection with 3 x 10° CFU BCG*. Lsh 
performed on livers 2 weeks after intravenous infection accordit 
Bradley” and. expressed as Leishman~Donovan units (LDU) per. 
according to Actor’ 7 . An animal typed as Beg’ (resistant) if th 
BCG count in the spleen was <4.5 (2 s.d. above the mean BCG 
of resistant (B10.A x A)F, controls, 95% confidence limit), An‘ 
typed as Lsh" (resistant) if the LDU in the liver was <46 (2 s.d; abo 
the mean LDU count of resistant (B10.AxA)F; controls, 95° 
confidence limit). The LDU counts were generally somewhat lower 
and their range was greater in F; x B10.A backcross susceptible mice 
than in B10.A parents. Although the Lsh gene undoubtedly dominates. 
the regulation of resistance to L. donovani these results suggest that. 
other genes also have some. effect in controlling the acute growth rate. 
of this parasite. Same conclusion was already reached by Bradley”. 


nor previous infection with BCG influenced the Lsh typing. 
These manipulations did not change the susceptibility to L. 
donovani of B10.A control mice, nor did they change thi 
resistance to L. donovani to (B.10.AX A)F, control mice. O 
26 ((B10.A x A)F,) x B10.A] backcross animals, 12 were typ 
as resistant to BCG and 14 were typed as susceptible to BC 
consistent (y* = 0.15, P>0.7) with the hypothesis that thet 

of resistance to BCG is under monogenic, dominant contr 
Furthermore, all 12 of the BCG-resistant backcross n 
proved to be resistant to L. donovani, and all of the BC 
susceptible backcross mice proved to be susceptible to: 
donovani. A similar experiment to establish the linkage of . 
with Beg. could not be done since splenectomy influencer 











4 6 b 20 21 22 24 2 2 





Fig. 2 Typing of BXH RI strains for resistance to BCG. Details 
for Fig. 1, except: for the resistant progenitor which i in this case 
B H/Hel, r, Resistant; s, susceptible; ?, some of the BXH 
were not. tty typed: because of the interfering influence of 


-established by A. D. O'Brien {personal communication). 
te that BXH- 2 is designated as Beg’ although phenotypically 
usceptible for BCG (see explanation in the text). BXH-10 is 
of BXH-10 strain was established by typing (BXH-10 x B10. AJF, 


survived the: typing dae oe 10° y Salmonella i i o 





Lps“ mutation in the genome of C3H/ HeJ progenitor; * „dty 


lesignated as Lsh* according to the criteria described i in Table 2 
(mean LDU 990 + 290), in variance with Bradley et al.” Ity* allele 


; mice, according to the criteria described i in Table 3. (0/8 animals n 
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Fig. 1 Typing of BXD RI strains for resistance to BCG. Two to sihi animals of each recombinant inbred strain and six animals of control 
DBA/ 2 and C57BL/6 strains were infected with 2-3 x 10* CFU BCG in two separate experiments. Geometric means+s.d. of viable BCG 
in the spleens of infected animals were calculated 3 weeks after the infection. The horizontal. line represents 95% confidence limit. (two 
andard. deviations above the mean of BCG numbers in the spleens of resistant DBA/2 progenitors) for typing of strains as Beg’ (below 
e line) or Beg* {above the line). Lsh type of BXD strains was taken from Bradley er al.” except for BXD-28 and BXD-20. Lsh* allele of - 
these strains, identified by Plant er al. * was confirmed by us according to the criteria described in Table 2 (mean LDU 4,445 £ 57 pot BXD-18 
nd 7,059 + 1,066 for BXD-20, with values of LDU 116+ 25 for Lsh' control and 11,355 + 2,455 for Lsh* control in that particular experiment). 
y types of BXD strains were taken from O’Brien et al.’ except for BXD-28 and BXD-29. Designation of Ity alleles of these two strains 
taken from Plant et alt. The Ity’ type of BXD-28 strains was confirmed according to the criteria described in Table 3, by typing 
o  (BXD-28 x B10. A)F, mice (7/7 animals survived the typing dose of 10* Salmonella i.v.). r, Resistant; s, susceptible. 





phenotypically susceptible to $. typhimurium infections. The 
reverse experiment (Ify typing first, with subsequent Beg typ- 
ing) also proved to be technically impossible. Tty-Bcg linkage 
was, therefore, established by progeny testing which eliminated. 
the necessity of splenectomy and of double infection of an 
individual animal. Twenty-five randomly chosen males of the 
[(B10.A x A)F, x B10.A)] backcross generation were mated to > 
Bcg*~Ity* females of B10.A strain. The resulting progeny were 
Ity-typed and the corresponding males of the parental gener- 
ation were subsequently Bcg-typed. We reasoned that, if the 
Beg and Ity genes were identical or closely linked, the offspring 
of BCG-susceptible (Bcg*/ Bcg’, homozygous) backcross males 
mated with Bcg*Ity’ females should breed true and all should 
type as Salmonella -susceptible Uty*/Ity*’, homozygotes). The 
offspring of BCG-resistant (Bcg'/Bcg*, heterozygous) back- 
cross males and B10.A females should segregate between Sal- 
monella-susceptible (Ity*/Ity®, homozygotes) and Salmonella- 
resistant (/ty'/Ity*, heterozygotes) progeny. n 
Due to a laboratory accident, eight of the backcross males = 








` (BC 18-BC 25) were lost before they could be Bcg-typed. 


Fortunately, two litters of their mating with B10.A females. i 


_ were available and the Beg type of the males could, therefore, 
be deduced from Beg typing of the litter. When the results of 
Beg and lty typing were matched, a Bcg'—Ity" or Bcg’-Ity* 
concordance was found among 24 out of 25 first backcross 
males; T 
ive because the Beg typing was based on only six progeny, and 
could have resulted from chance segregation (P = 0.016), even 
if the BC 22 male had been Beg" / Beg’. 





he only discordance, BC 22, (Beg*(2)-Ity')i is inconclus- 





Collectively, the data presented here clearly establish that Dae 





Beg, the gene controlling resistance to Mycobacterium bovis. a 
BCG, maps on chromosome 1 and that it is either identical to, 

or linked with, the gene(s) controlling resistance to $. > 
typhimurium and L. donovani. Since no conclusive recombina- 
T tion be ween the Beg, Ity and Lsh-a 


Heles wes toune by SAR a 












“Table 3 Linkage of Beg with Iry by progeny testing 


BCG infection* 


Total spleen 
BCG (log) 


4.11 

5.72 
4.92 
5.62 
5.40 
3.94 
4.53 
3.94 
4.22 
5.33 
4.68 
5.54 
4.58 
4.54 
5.64 
4,36 
4.54 


progeny§ 


BC 24 

2 BE 25 

BIA 
(B1i0.A x ae i 


5, 60-5. 92) 
3. 93-4. 4644 


No. resistant/total B10.A x BC 


Salmonella infection? po 


No. resistant total Bi LOA 
progeny ° 


2/7 
0/14 
SA 

0/3 

0/7 

3/7 

3/7 

5/10 

4/5 

0/8 

4/8 

0/8 

4/12 

9/12 

0/4 

6/10 

8/12 

0/8 

2/5 

5/8 

4/9 


Beg type ity type 


5/9 
0/9 
a 
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typed 2 3 seeks after. intravenous infection with 2.5 10° CFU BCG. Resistant {r}: logio BCG count in the spleen <mean+2s. 4. 
|, 95% confidence limit. Any animal with lo Ogio BCG count above that value typed as susceptible fs). 
Is typed 1 week after intravenous infection of 10° Salmonella typhimurium as r = resistant siiri oral ors= = susceptible {dead}. 


(B10. AXA)F; xB10.A]. _ 


) AXBC=BI0.Ax[(B10.A x A)F, x B10.A], Two successive litters of the same parental pair were typed i in some instances. 
Range of control values in: $ individual experiments: which constitute the table. 


cross analysis, and because of the full concordance of SDP of 
resistant and susceptible alleles of Bcg, Ity and Lsh. among the 
otal of 38 RI strains. examined, these data suggest that the 
enetic control of resistance to M. bovis BCG, S. typhimurium 
d L. donovani is exerted by a single gene with pleiotropic 
fect. An alternative interpretation; that of a complex of 
ely-linked. genes’, seems less likely although it obviously 

‘be ruled out completely. The fact that the susceptible 

3 š recessive, and that iti is limited toa eani few inbred 


ity y gene might repreient a ‘mutation and be of a recent origin, 
her than being a variant of a polymorphic gene that occurs 
in natural populations. That being the case, a single. mutation 
from resistance to susceptibility would be more likely than the 
<- accumulation of three independent mutations to susceptibility 
genes (Bcg*—Lsh*=Ity*) in coupling on the same chromosome. 
The phenotypic expression of the gene in question is, so far, 
recognized in vivo only: in each case the resistant allele 
__ expresses itself as slow (or null) net growth rate of the particular 
‘microorganism in the liver or spleen*’°"' early in the course 
of infection, most probably before the specific immune response 
established. It seems likely that the cellular expression of the 
tant allele(s) is a bacteriostatic effect of the intracellular 

of the parasitized macrophage'’, although no clear in 

ata are available as yet. The normal (resistant) allele 

ve other functions (either i in macrophages or other cell 

it it would not be surprising if its chief function were 

ce against intracellular parasites. Accordingly, the 

of the mechanism by which this gene exerts its effect 

onably be expected to shed considerable light on how 

aj ‘ip to control infections by organisms of medical 


of common features (for example, 


biochemical or nutritional requirements tee multiplication). o 
these three taxonomically distinct pathogens (L. donovani, | 
typhimurium and M. bovis) could provide a starting point 
this endeavour. We propose that natural resistance to ott 
infections, such as tuberculosis and leprosy, to name but two 
is also regulated by this gene. The biological implications o 
these findings for identification of genetically susceptibl 
individuals and for the development of appropriate strategie 
for their protection and treatment are obvious. : 
This research was supported, in part by NIH contract NOL- 
CB-84269, MRC grants 5389, 5448 and 6431 and grant 
GM18684 from the National Institute of General Medical 
Sciences. The Jackson Laboratory is fully accredited by the 
American Association for Accreditation of Laboratory Animal 
Care. , 
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odty, a gene controlling natural resistance to Salmonella 
typhimurium infection’, and Lsh, which controls innate resist- 
¿ance to Leishmania donovani infection", are both located on 

chromosome 1 of the mouse** and it has been suggested“ that 
‘they might be identical. O’Brien ef al.’ examined salmonella 
-resistance in recombinant inbred (RI) strains of mice, and 
observed discordant responses in three strains (BXD-18, BXD- 
20, BXD-29) from one progenitor strain combination 





typing’. 


that Ity and Lsh are not the same genetic locus. 








Fig. 1 Lsh typing experiments for 
RI(BXD-18, 20, 28, 29)andcontroi  *® a 
Lsh* (CSTBL/10ScSn or B10) and 
< Lsh* (CBA/Ca and DBA/2) strains 
of mice. Mice were injected with 1- 
5x 10° amastigotes of the L82 strain 
sof L., donovani and examined 15 
: days later. The number of parasites 
per 500 liver cell nuclei was counted 
from Giemsa-stained impression 
smears and the results expressed as 
“Leishman-Donovan units’ (LDU) 
as described previously'*. Counts for 
individual mice are shown for six 
separate typing experiments. a 
Shows actual counts for mice used 
in the original Lsh typing experi- 
ments of Bradley-et al.. Counts for 

~-BXD-18 and BXD-20 mice are 
“compared with the range of Lsh* and 
ish" counts obtained for all BXD 
strains examined in that experiment. 
Both clearly fell well within the Lsh’ 
range of counts. b-f Show the results 
‘of our more recent typing experi- 
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(C57 BL/63 x DBA/2J) when compared with the published Lsh 
On the basis of this and additional information 
salmonella resistance in (C57BL/6]x BXD-18)F, and 
CS7BL/6) x DBA/2J) x BXD-29] backcross mice, it was con- 
cluded that Ity and Lsh are closely linked but distinct genetic 
ci. We have now re-examined both leishmania and salmonella: 
sistance in larger numbers of these putative recombinant 
rains and in various hybrid and backcross generations, and 
ir results. indicate that BXD-18 and BXD-20 retype as Lsh* 
id BXD-29 as Ity’. Hence there is no longer any discordance 
tween Lsh and Ity typings for the RI strains. The results do, 
however, suggest additional modifying genetic control of sal- 
monella resistance in BXD strains involving at least two other 
netic loci. There is therefore no clear evidence to demonstrate | 


nitially we examined leishmania and salmonella resistance 
he three BXD strains thought to differ at Lsh and Ity and 
an additional strain (BXD-28) found earlier’ to be intermedi- | 
e in its susceptibility to S. typhimurium TML strain. (The | 
XD mice used in our experiments were derived from stock 


CBA 
ments. Counts for BXD-28 and BXD-29 Mice (b, c) fell clearly within control Ls” and Lsh" ranges es ‘Counts for BXD- 18 and 
. BXD-20 mice (b, d-f) always fell towards the lower end of the Lsh* range of counts, irrespective of parasite dose. Although this difference 
was not always significant in individual experiments, it does suggest some additional modifying genetic control of Lsh* counts, B10, BXD-18 
and BXD-20 counts all differed significantly from control Lsh* counts (P<0.001) and, in each experiment, there was at least a 0.5 logio 
LDU separation between the lowest susceptible and highest resistant counts. The retyping of BXD-18 and BXD-20 as. Lsh* has recently | 
been confirmed i in another laboratory!" where, PBFASIIG ¢ counts again fell at the Lower end of: the susceptible range. of counts. i 


æ 8 08 


BXD- 29 ‘mice pares ae ae stock “DBA /2,. CSIBE "ahd 
(C57BL/10ScSn x DBA/2)F; mice kept at the Wright Fleming 
Institute at St Mary’s Hospital Medical School, London. 


C57BL/10ScSn and CBA/Ca mice used as susceptible and . 
resistant controls respectively for Lsh typing were obtained © 


from Olac 1976 Ltd. Mice were typed individually for suscepti- 
bility to either S. typhimurium CS or L. donovani infection as 
previously described**. In addition, (CS7BL/6J x BXD-29)F, 
mice bred at the Jackson Laboratory were tested for resistance 
to S. typhimurium C5 (ref.2) and TML (ref. 7) in the two 
laboratories, 


Two BXD-18 and eight BXD-20 mice all typed as Lsh*- 


(Fig. 1). In each case, the original typing of Lsh* by Bradley et 
al.” was based on examination of two mice whose parasite 
counts fell well within the Lsk” range (Fig. 1, actual counts 
previously unpublished). This suggests that BXD-18 and BXD- 
20 had not proceeded to fixation for either allele at Lsh at that 
time. Our more recent Lsh* typings are now consistent with 
the earlier’ unequivocal Ity* typings for BKD-18 and BXD-20 
and thus eliminate two of the putative recombinants. 

Lsh typing of eight BXD-28 and seven BXD-29 mice (Fig. 1) 








confirm the original typings (Lsh' and Lsh* respectively) of | te 
Bradley ef al.. In the case of BXD-28, the geometric mean ©. 


spleen count of 4.61 + 0.98 obtained after re-examining 20 mice 


with S. typhimurium C5 agrees closely with the mean of 4.46. — 


obtained in the earlier’ work with the TML strain of S. 2s 


typhimurium. For BXD-29 mice, however, the geometric mean 
spleen count of 5.50+90.95 based on examination of 34 mice 
with the C5 strain is significantly higher than the mean of 3.9 
obtained after examination of only 5 mice with the TML strain, 
which led to the earlier’ typing of BXD-29 as Ity". On the basis 
of our original criteria for typing individual mice using 10° S. 





typhimurium C5 and day 10 organ counts, 22 of 34 BXD-29 . 


mice with spleen and liver counts >10° type as Ity*. The remain- — 


der were high in the Jty’ range with the geometric mean 2 logs | - 


higher than that for DBA/2 Ify” controls. Our combined C5 
and TML results (Fig. 2), which show 16 of 17 (CSTBL/6I x 
BXD-29)F, and 26 of 28 (BXD-29xC57BL)F, mice with 


spleen and liver counts clearly in the susceptible (>10°) range, - 


support the hypothesis that BXD-29 is, in fact, Zty*. This would 
explain the previous finding’ that 58% of BXD-29 mice tested 
died by day 30 when given only 25 organisms of the TML strain. 


Dy 


b c i d 8 e f 
a 
8 + 
L] (d 
d 
SB o $ 
m bad i : y 
e s> ý 
d b t 
| ° ° ° 
| $ Ta 
8 
8 
e F 8 | 
# 
2 
+ 
3 35 CCBA, D A “BIW. 30 CBA 18 
28 BIO 28 BIO 20- ‘CBA BIO" DBA/2 _.. 


s oo qp 


No. viable bacteria per sp n 


oo © nme PR fou ob 


DBAS ENDIE 


' (Be x 29} 
(RIO = D2) BXD-29 


-55 
(29x BL) 29x F, 


CSIBL 


Fig 2 Ity typing experiments for RI (BXD-28,29) strains and 

he F; hybrid combinations: (C57BL/ 10ScSn x DBA/2) or (B10 x 

XD-29 x DBA/ 2) or (29x D2); (BXD-29 x C57BL) or 

- (CSTBL/6] x BXD-29) or (B6 x 29); and [BXD-29 x 

OScSn x DB. ADE] or (29x F). Mice were injected 

ously with 10° S. typhimurium strain C5 (@) or TML 

d examined 10 or 9 days later respectively. Viable bacteria 
spleens and livers were estimated as previously described’? 

| loads in the livers agreed closely with the viable bacterial 

ts per spleen shown for individual mice. Dead mice were 

‘estimated at 10° bacteria per spleen in calculating the logio 

geometric mean spleen counts indicated for each group. The RI 

-` strains and hybrids are compared with control Ity’ (C57BL) and 

lty” (DBA/ 2) strains. 


_ A range of sensitivity from highly susceptible (10’-10° counts 
or death by day 10) through intermediate (10°-10°) to highly 
resistant (10°-10*) was observed in [BXD-29x 

BL/10ScSn x DBA/2)F,] backcross mice (Fig. 2). This 
_implies multigenic control additional to Ity. The possibility of 
ditional. genetic influence on the sensitivity to S. typhimurium 
fection in the intermediate BXD strains has already been 
considered’ and is consistent with the previous observations'*” 


o of increased susceptibility in the Ity’ DBA/2 progenitor strain 
~ compared with other Ffy" strains. A single additional gene 


bearing susceptible alleles in the DBA/2 progenitor and resis- 
tant alleles in the C57BL/6 progenitor is insufficient, however, 
to explain the present results. We propose, therefore, that at 
least two other genes are involved in modifying the phenotypic 


: _ expression of Ity in the BXD intermediate strains. 


: We therefore conclude that it is not proved that Ify and Lsh 


are distinct genetic loci. The fact that no recombinants were 


detected among 22 RI strains from 4 other progenitor strain 
mbinations’ supports our hypothesis that the progenitors of 
are introducing additional genetic influence on the out- 
of salmonella infections. The recent finding'° that Beg, a 
controlling innate resistance to Mycobacterium bovis infec- 
ce, types in concordance with the present Lsh and 
3 for the BXD strains also supports our conclusions. 
fore favour the hypothesis that a single gene on 
e 1 controls innate resistance and susceptibility to 
, and possibly other, intracellular infections via one 
rather than a complex of tightly linked genes. 


work > was [come Trist by AniS from the MRC, he Well i 1 
Foundation and the Uniformed Services University of the 
Health Sciences. | 
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The specificity of cytolytic T lymphocytes (CTL) differs. toi 
that of B lymphocytes insofar as they exhibit a marked pref 
ence for recognition of major histocompatibility complex 
(MHC) encoded cell surface antigens. In murine systems, thi 
is reflected both in the high frequency of CTL which recogniz 
H-2 alloantigens™* and also in the requirement for recognitior 
of syngeneic H-2 antigens in conjunction with cellularly presen 
ted foreign antigens, so called MHC restricted recognition® 
Various models for T-cell recognition have been proposed 
an attempt to explain both this predisposition for MHC reco i 
tion and the basis for restricted recognition (reviewed in 

10, 11). Most models have. fallen into one of two gen 
categories; those which attribute recognition to two indepe 
dent combining sites on the T cell receptor(s), one specific 
foreign antigens and one specific for MHC antigens; and thos 
which accommodate recognition of both molecules using | 
single combining site which recognizes a neoantigenic dete 
minant composed of a complex of both molecules. In order t 
understand the basis for determinant recognition, the specificity 
of individual clones of CS7BL/6 CTL induced in response to 
a point mutation in the H-2K” molecule has been analysed. 
Using a series of H-2K* mutants as targets it was found that 

a single clone can recognize two or more mutants which, | p 
although different from each other with respect to the position 
of their amino acid substitutions, appear to have independently 
gained the same new determinant. This strongly suggests that 
CTL can respond to conformational nuances in self H-2 


molecules as shared by these different K* mutants. On this — 


basis, it is proposed that MHC restricted recognition may rep+ eS 
resent the recognition of conformational alterations of self 
resulting from the interaction of MHC molecules and foreign ce 
antigens. E 
In order to approach questions concerning T-cell recognition, ie 
this laboratory has carried out a detailed analysis of the recogni- 
tion of H-2 antigens by individual CTL clones’? 5. Most reveal-~ 
ing in terms of probing the basis for determinant recognition 
have been the results of fine specificity analysis of monoclonal. 
CTL stimulated as a result of a single amino acid substitution 
in the H-2K" molecule, the B6.C-H-2°™' anti- C57BL/6 
response (bm11 anti- B6)!3, A large proportion (25%) of suc 
clones did not recognize any of the five different H-2K° mutants 
which were used as targets. Considering that each of the: 
mutants peilered from the Somara K” ee by only 


v 1982 Macs 

































































ion oc utred al ‘different positions on hé malade" 


Ited in an amino acid substitution in the particular deter- 
nant recognized by a single clone. A more likely explanation 
or such lack of recognition would be that, in some if not all 
mutants, these particular wild-type determinants have been lost 
due to conformational changes resulting from the mutation'”"'*. 
In the case of antibody recognition of globular proteins, such 
‘a mechanism has previously been used to explain how the 
-antigenic integrity of a particular determinant can be disrupted 
- by a distal amino acid substitution’? 
<>. This suggests the possibility that a conformational alteration 
might also create new determinants which were, by analogy, i in 
< positions on the molecule different from the site of the amino 
acid substitution responsible for their creation. In support of 
_ this possibility, Melief and co-workers previously demonstrated 
that, although B6-anti-mutant CTL populations would most 
‘strongly react against the K* mutant used as stimulator these 
“CTL demonstrated detectable cross-reactivity on a variety of 
disparate K?” mutants'*. This suggested different K” mutants 
may have gained some similar determinants. A possible 
mechanism would be that each mutation creates its own set of 
onformational differences in the K” molecule and that amino 
cid substitutions in different parts of the molecule could 
ndependently effect a conformational change which, for- 
itously, resulted in a similar determinant. | 








116 and 121; bm10, 165; and bm11, 77 (ref. 16). 


Table 1 


` Reactivity 


patterns C57BL/6Kh bm1 bm3 bm4 

a 

b + 

€ + 

d ' 
e : : 

f + + ' 
g + + + 
h i + + 
i + 

j + 

k + 

| + + 
m + 

n + 

(8) + + 

p + 


wells were expanded’? 


imbiguous and not recorded above. 


nlikely that all of these different mutations could ae 


~The experiments described in this report constitute a test of 
his hypothesis. CTL clones of wild-type origin were stimulated. 
n primary limiting dilution cultures against the bm11 mutant. 
was reasoned that the wild-type responder would be tolerant 
of all K” determinants retained by the bm11 mutant and, 
erefore, such clones should specifically recognize new deter- 
nants. attributable to the bm11 mutation. Each clone was. 
sted for cross-reactive recognition on a panel of targets which 
ncluded the wild type B6, six other K° mutants, and the 
allogeneic D2.GD target (KS, D”). Where known, the positions 
f the amino acid substitutions in each of these mutants is as 
ollows: bmi, 155, and 156; bm3, 77 and 89; bm8, 23; bm9, 


Results obtained from panel analysis of 58 B6- anh 
clones independently derived from 11 individual B6 responders 


bmg 


+ 
tee E+E FH teeettest 


each of the indicated target cells. A clone was considered positive or negative for recognition of a particular target 
either >60% or <25% respectively of its value for lysis on bm11 targets. Clones which did: not meet these ¢ criteria onal 








recognition of the syngeneic BE targets. lso; as expected on 
the basis of a shared mutation at amino acid position 77, the 


vast majority of bm11 specific clones (83%) also recognized “ 





L. As od. none of the B6 clones Bi the logon edie byti 





the bm3 target. It is likely that the antigenic determinants 
recognized by the 17% which did not recognize bm3 are © 


obscured or disrupted on the bm3 molecule as a result of the : 


second mutation at position 89. Most interesting, however, 18 
the observation that the majority of clones (62%) recognized 
not only targets which bear the mutation in position 77, but 
also recognize at least one of the other K> mutants such as 
bmg, bm1 and bm9 which are identical to the wild type K” in 
position 77, having their substitutions elsewhere. Moreover, of 
these 26 clones, 24% recognize at least two such H-2K” 
mutants. 

In Table 2, these data are presented as the fraction of clones 


that recognize each of these targets. The fraction of clones that > 


cross-react on the third-party alloantigen, K“ on D2.GD, 
comparable to the level of third- “party. reactivity usually seen 
in conventional allogeneic responses” (5-10%). In contrast, 
some of the mutants, bm8, bm1, bm9, are recognized by a 





significantly greater proportion of clones than is usual for third i 


party recognition. Based on these results, it may be concluded 
that different and often distal amino acid substitutions in an 
H-2 molecule can fortuitously result in antigenic determinants 
which if not identical, are at least similar: enough to permit 


comparable T-cell recognition as reflected in the comparable 7 


degree of lysis of different mutant targets. 

In view of the disparate positions of most ‘of these mutations, 
it would appear unlikely that two. different mutants could 
demonstrate significant cross-reactivity on the basis of a com- 
mon ‘foreign’ determinant. The only candidates for a non-self 





antigen as perceived by the strain of origin would be deter- - ce 


minants that encompass the substituted residues and it is 
unlikely these are cross-reactive since they. would correspond 
to a different position on the molecule for each mutant. There- 


fore, these results strongly support the hypothesis proposed — ae 
above, that conformational alterations of self H-2 antigens can — 











result in immunogenic determinants which do not include the — a 





Panel analysis of B6 anti-bm11 CTL clones 


No. of 


bm9 bm10 bm11 D2.Gd clones % Of total 
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B6. splenic CTL precursors were stimulated in vitro under fimiting dilution culture conditions i in V bottom microtitre wells containing 5x10° 
adiated B6 ‘helper’ spleen cells, 5x10° irradiated bm11 stimulator cells, and varying numbers (1, 000-6,000) of B6 responder cells in 0.2 ml 
ulture media as previously described”. After 6 days in culture, a 60 uly ortion of each well was tested for cytolytic activity against conA 
mulated bm11 targets. Such target cells were prepared and labelled. with | iv 
140 yl of culture media containing 10% fetal bovine serum and 3% rat-T-cell growth factor which was a necessary addition to maintain maximum = 
ibility of these target cells during long assays (18-20 h). cl L clones obtained using responder cell numbers resulting i in. 20% or fewer positive 

and tested for lytic activity against *'Cr-labelled bm 11 target cells. Successfully expanded clones were assayed in duplicate Be 


Be iododeoxyuridine’ * and 1x107 cells were added to each well in 


ts value for lysis was 









‘gets were considered 




















“CTL eléties i 


l % Clones 
<o bmill 100 
: a bm3 83 
= pm] 24 
bm9 21 
bm& 17 
bm4 9 
bm10 5 
D2.GD 7 





amino acid substitution responsible for the alteration. 
Based on these results, it is further proposed that the interac- 
tion of foreign antigens with H-2 encoded molecules can 
: similarly result. in conformational changes which may be 
> immunogenic. A similar hypothesis has recently been proposed 
by Ohno”. In order to conform with our views of restricted 
ecognition, such interaction would need to fulfil the following 
quirements; (1)'the same antigen should always result in the 
ame conformation change in H-2, and (2) this interaction 
ould be: sufficiently stable to permit binding and triggering 
ptors that recognize the resultant novel H-2 conforma- 
on. It would then be possible to explain. the appearance of 
en specificity and MHC restriction even though the recep- 
lly recognized ‘altered self’ and not antigen. 
"here are several observations which are consistent with such 
a model. First, there is much evidence for stability of H-2 
antigen interactions as measured either by co-capping. or. co- 
purification of these two molecules”'**. Second, it has proven 
much easier to block antigen specific CTL or MLC using anti-H- 
body reagents as opposed to using antibody specific for 
foreign antigen per se**”, This is most consistent with an 
role for antigen in. receptor recognition. Third, it has 
ported by several laboratories that influenza specific 
re more cross-reactive than influenza specific anti- 
32 This is again most readily accommodated by a model 
ich predicts that only some foreign determinants potentially 
contribute to the specificity of a CTL response, in particular, 
‘those which effect the interaction between H-2 and the foreign 
molecule. Finally, this model presents a structural basis for the 
- well documented cross-reactivity against allo-antigen of antigen 
< specific T cells, since both types of recognition would involve 
altered-self MHC determinants? s, 
-< The implication of this hypothesis which may be most difficult 
id to accept is the burden placed upon the H-2 molecule by the 
fact that the diversity of all possible H-2 determinants would 
ave to be sufficient to account for antigen specificity. However, 
‘ the low. frequency of CTL precursors specific for non-MHC 
antigens, such as virus and minor antigens’*’, reflects a corres- 
pondingly small number of different determinants created by 
a an antigen H-2 interaction, then the chances that a second 
-~ antigen would create the same determinants may be relatively 
slim. In contrast, in essentially all responses where the H-2 
antigen is itself structurally altered, many new determinants 
are created, thereby greatly increasing the likelihood of cross 
reactivity. This would account for the observation presented in 
this report. 
: These studies were supported by NIH grant nos AI 15710 
= and CA 25803. 
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Recently, an extra Arcana: 12 has been reported to occu 
with high frequency in peripheral blood lymphocytes from 
patients with chronic B-cell lymphocytic leukaemia (B-CLL) 
Here we report a unique chromosomal abnormality, whic 
suggests that the segment q13: to q22 on chromosome 12 carrie 
the important genes that are duplicated in those ly 
phoproliferative disorders characterized by trisomy for t 
chromosome. 
Cytogenetic studies were performed on peripheral blo 
lymphocytes, bone marrow cells. and spleen cells from a5 
year-old man witha lymphocytic non-Hodgkin lymphoma. T 
lymphoma was found in the spleen, bone marrow, and 
peripheral blood. The white blood cell count was 9.3 x 10° per. 
litre and a differential count showed that 74% of the cells were 
lymphocytes. Surface membrane immunofluorescence studies ne 
revealed a monoclonal B-cell proliferation with a phenotype | 
uk when tested with fluorescein-conjugated F(ab’), fragments 
of goat anti-human u, y, 6, x, and A antisera. Microscopy of — 
the spleen and small lymph nodes showed a mixed lymphocytic- 
histiocytic lymphoma (Rappaport classification?) or polymor- : 
phic immunocytoma (Kiel classification’). i 











Table 1 Metaphase analysis of lymphocytes from a patient with chronic 
B-cell lymphocytic leukaemia 
























No. of No, of 
metaphases abnormal : 
Material Mitogen analysed metaphases Karyotype = 
Peripheral EBV 17 2 46XY; 
blood LPS 11 3 46XY, t(10;,10) 
PHA 21 i (pter; q24) 
Bone marrow EBV 6 2 dup(12) 
Spleen EBV 5 4 (qi3—q2: 
LPS 3 1 S 







Total 63 ae 





: phocytes was por with ar EH vitus (EBV), 
‘lipopolysaccharide (LPS) 





























were collected on day 4. Metaphase preparations were prepared 
‘by conventional methods and the preparations stained accord- 
‘ing to the Q- banding technique’. The results of the cytogenetic 
analyses are shown in Fig. 1 and Table 1. Of 63 metaphases, 

13 had the same chromosomal abnormality. One chromosome 
12 had an extra part attached at band 22, which was identical 
with the part q13 > qter of a normal chromosome 12. The other 
‘chromosome 12 was normal. Thus, the region qi3>q22 was 
‘duplicated. In addition to this abnormality, a balanced 
reciprocal translocation between the two chromosomes 10 was 
‘found in all metaphases carrying the abnormal chromosome 12. 
As shown in Fig. 2, the observed abnormality of chromosome 
12 has probably arisen through chromatid exchange. It is prob- 




















chromosome 12 at q13 and another breakpoint on the other 
‘chromosome 12 at q22. The two chromatids were then 
exchanged. Alternatively, there may have been three break- 
“points, two on one chromatid of one chromosome 12 at q13 
-and q22, and one on q13 or q22 on one chromatid of the other 
-chromosome 12. The chromatid part, qi13—q22, on the first 
chromosome was then inserted at the breakpoint of the second 
_chromosone 12. Of the possible abnormal karyotypes that can 
appear, irrespective of the mechanism, only alternative b in 








phocytes in the peripheral blood’. 


are probably located on the seqment q13 > q22. 





us, in lymphoproliferative disorders (and probably also other 


somes, the important genes to be duplicated for disease 
development are probably located on a very small, specific part 
of the chromosome. In human lymphoproliferative disorders 
characterized by trisomy 12, these genes seem to be located 
on the segment q13—q22. So far mapping of chromosome 12 
~ Bas only located the loci for a few enzymes and antigens to the 
-Tong arm of this chromosome, that is mitochondrial synthetase, 


Fig. 1 Karvon of a er blood T stimulated 
<o by EBV, showing duplication of the seqment q13-q22 on chromo- 
some 12. There is also a reciprocal balanced translocation between 

$ the two chromosomes 10. 


from Escherichia coli, and 
phytohaemagglutinin (PHA)’. Cultures for cytogenetic analysis 


cable that a breakpoint occurred on one chromatid of one ` 


Fig. 2 was found. Normal karyotypes were also found, but these | 
e probably due to the presence of normal nonmalignant. 


e results show that the essential genes that tend to be 
iplicated during leukaemogenesis leading to lymphoprolifera- 
B-cell disorders characterized by trisomy of chromosome 


ther experimental work on murine lymphomas has also 
dicated that only part of a trisomic chromosome is crucial for. 
e neoplastic transformation’. Mouse T-cell lymphomas are 
racterized by triosmy 15, but only genes located distal to 
band T6 are important for leukaemogenesis. Furthermore, in- 
certain human myeloproliferative disorders characterized by 
my of chromosome 1, there are indications that only the 
ments q23—q25"" or q25—q32° are associated with disease. 


haematopoietic diseases) characterized by trisomic chromo- 


i A 2; as in expressing ¢ clones. ane copies of this pene were found : a 
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Fig. 2 Possible mechanism of development of the chromosomal 
abnormality. Only alternatives 6 and c were found. 


serine hydroxymethyltransferase, branched-chain amino acid 
transferase-1, and surface antigen 8 (ref. 10). Further studies 
of these enzymes in lymphoproliferative B-cell disorders may 
elucidate whether any part of the qi3—q22 region on chromo- 
some 12 is also involved in patients where no gross cytogenetic 
abnormalities are found. 
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African trypanosomes express different surface antigens sequen- 
tially in their mammalian hosts’, Expression of different variable —, 
surface glycoprotein (VSG) antigens is associated with re- © 
arrangements of genomic DNA*>. Several laboratories have 
reported that expression of some VSG genes is accompanied 

by the appearance ofa duplicated copy of the genes at a new | 
location in the genome” *, However, i in a series of sequentially 
related Trypanosoma brucei clones from a different stock we 
were unable to detect duplication of one VSG gene (ILT. AT 







nes in the s same series of nisin clones. Thus the 
pes of rearrangement are not a function of different 
josome stocks, but of different VSG genes within a stock. 
e trypanosome clones used in this study were derived from 
single clone (clone A, expressing VSG A) from T. brucei stock 
227 (ref. 7). Clone B was derived from a relapse infection of 
-clone A and clones C and D were cloned from the first-relapse 
_ populations in normal mice infected with clone B. Trypano- 
somes grown in lethally irradiated rats were checked by 
_immunofiuorescence for homogeneity of VSG expression’ 
before isolation of RNA or DNA. 

The construction and identification of plasmids pcBB1 and 
< peBC1 containing mRNA sequences encoding VSGs B (ILTAT 
1.2) and C (ILTAT 1.3), respectively, have been described 
elsewhere". Plasmid pcBA1 was constructed and initially 
dentified in a similar manner. That pcBA1 contains VSG A 
ig sequences is substantiated by two further criteria: it 
É rid non-coding sequence homologies with 
RNAs’, and hybridizes to RNA found only in 
clone A. This is shown in Fig. 1, where pcBA1 
dized to total RNA from trypanosome clones express- 
Gs A, B, C and D (ILTAT 1.4). The inserted sequences 
| ¿BAN | are present only in the trypanosome clone expressing 
~ VSG A. The only known clone-specific mRNA is that encoding 
© the VSG expressed’’. In addition to the major,band at 2 
_. kilobases (kb), the expected size of mature VSG mRNA, pcBA1 
also hybridizes to three faint bands of 3.2, 3.6 and 4 kb, in 
clone A RNA only. As electrophoresis was done in stronger 
aturing conditions'’, these bands may represent incom- 
yrocessed precursors of the VSG A mRNA. Such pre- 
RNAs have not been described previously for other 


































he experiment shown in Fig. 2 characterizes the re- 
ingements affecting the genes for VSGs A, B, and 
-. Complementary DNA sequences encoding each of the VSGs 


M ABCD 








Fig. 1 Clone specificity of the cDNA sequence in pcBA1. Total 

RNA from four trypanosome populations homogeneously 
“oon expressing different VSGs (A, B, C and D) was prepared by 
©. dissolving 10°° trypanosomes in 10m! of 60% guanidinium 
thiocyanate, 50 mM sodium citrate pH 7.0, 0.5% sarcosyl. This 
_ was layered over 1.5 ml cushions of 5.7 M caesium chloride con- 
-taining 50 mM EDTA pH 7.5, and centrifuged at 30,000 r.p.m. 
Or.6h in a Bechman SW 50.1 rotor. DNA remained at the 
ace and RNA was recovered from the pellet after careful 
‘al of the supernatant and cushion; ~ 2.5 jg from each clone 
denatured with glyoxal, electrophoresed, transferred to 
e, and hybridized with radioactive pcBA1 as described 
The filter was washed twice in 0.1 x SSC, 0.1% SDS 
-15 min before autoradiography. The mRNA band 
tely over-exposed to show the complete specificity of 
$ stringency, and to reveal the three faint high 
idsin clone A. Molecular weight markers are 
wn under column M. 











jns OCC rred r near the 3' ends of both g gene a 
oi be correlated with expression" a '. We report here 
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Fig. 2 Comparison of eatin area affecting the genes for 
VSGs A (ILTAT 1.1), B ILTAT 1.2) and C (LTAT 1.3). DNA © 
from trypanosome clones expressing each of these VSGs was | 
digested with HinclI (for. hybridization to pcBA1 and to peBCi) - 
and Sall (for hybridization to pcBB1). These enzymes do not have 
cleavage sites in the cDNAs to which their digests were h ybridized. 
Fragments were separated by electrophoresis on a single gel and r3 
transferred to nitrocellulose in 20 x SSC as described elsewhere’*. 
Cut sections of the filter were hybridized, in conditions described. 
elsewhere'*, to plasmids pcBA1 (a), pcBB1 (b) and 1, ,100-bp > 
fragment of peBCl (c), which had been labelled with *’P by the 
procedure of Rigby et al.” . The markers (M) are fragments of 
known size which hybridize to pBR322 sequences in the pcBC1 
probe. The filter sections were washed twice in 0.1 x SSC, 0.1% © 
SDS at 65°C for 1h, dried, and then realigned for exposure to. 
X-ray film. | 


were hybridized to DNA from trypanosome clones expressing 
the three antigens. The enzyme used in each case did not cut 
the cDNA sequence of the VSG probe used. Thus, if there are 
no introns in the gene, each hybridizing band visualized implies 
a distinct region that is homologous with the probe. 

For pcBAl1, hybridizing fragments were identical in size i 
each clone except for the presence of an extra, larger fragmen 
in DNA from clone A. A different result was seen for the othe 
two probes, There was no additional fragment in the DN/ 
from the cell clones expressing VSG B or C, as there was neithe 
an extra band nor an increase in relative intensity of any band. 
Although the number of fragments hybridizing to each cDNA 
was the same for all trypanosome clones, there were large - 
differences in the sizes of two of the hybridizing fragments; 
even when DNA from two non-expressing clones was com- 
pared. 

Gene rearrangements were observed for all three cDNAs. 
studied. Where an extra gene fragment was detected in the © 

clone expressing the VSG encoded by the probe sequence (A), 
the remaining copies of the gene did not undergo rearrange- 
ments in different clones (Fig. 2). These characteristics of the 
VSG A gene rearrangement parallel observations by others- 
using different VSG genes which are duplicated and transposed : 
when expressed’. 

The experiment shown in Fig. 3a, using another enzyme that: 
does not cut the cDNA, also demonstrates an extra fragment 
hybridizing to pcBA1 in clone A. This fragment hybridizes 
strongly to probe fragments from either end of the cDN 
indicating that it contains both ends of the cDNA sequence. — 

For other VSG genes which are duplicated and transpose. 
when expressed, the duplicated segment extends from a po 
within the 3’ end of the mRNA sequence to a point beyond it 
5' end'*, When enzymes cutting inside a transposed segn 
were used to observe duplicated genes, single bands were vi 
ized with increased intensity. For VSG A, nes was demonst 





















































































































Fig. 3 Confirmation that the extra fragment hybridizing to 
pcBA1 contains intact most of the VSG A mRNA sequence. a, 
Hybridization of 5’ and 3’ fragments of peBA1 to EcoRI digests 
of DNA from trypanosome clones expressing (A) and not express- 
< ing (B,C) VSG A, compared with hybridization of the whole 

: cDNA. The 5’ fragment contains 150 base pairs (bp) of the 900-bp 
cDNA sequence; the 3’ fragment contains 380-bp, and includes 
“part of the poly(A) tail. Both ends of the cDNA sequence are 
- detected in the extra EcoRI fragment in clone A. b, Hybridization 
of the same 5’ probe to Poull-digested DNA from clones A and 
B. The same Pvull fragment, which contains most of the VSG A 
mRNA sequence, is produced from the extra copy unique to clone 
A and the copy present in non-expressing clone. Restriction 
enzyme fragments of ¿PCBA were isolated by the procedure of 
Maxam and Gilbert“. Labelling of probes, electrophoresis and 
filter hybridization are described in Fig. 2 legend. 


‘with enzyme Pvu Il, (Fig. 3b). In clone A, an increase in intensity 
vas observed in a 1.8-kb enzyme fragment, which was produced 
y the Puvll site in the cDNA and another 1.8 kb towards the 
end of the mRNA. Thus we Suggest that the duplicated copy 
f the VSG A coding sequence is an intact copy of the cDNA 
equence, It is reasonable to conclude that we are observing 
he same kind of duplication-transposition event as reported 
for other VSG genes. 

Figure 4 shows that there are sequence differences between 
the basic copy and the duplicated extra copy of the clone A 
gene. We know from the published sequence of the clone A 
-eDNA? that the coding sequence for the A antigen is not cut 
by BamHI. As seen in Fig. 4, the extra copy of the clone A 
-gene was not cut, whereas the basic copy in all cell clones was 
cut by this enzyme. A comparison of the cDNA sequence with 
he basic copy sequence showed that a point mutation has 
‘occurred at base position 1,700, resulting in the loss of a Bam HI 
‘site in the cDNA and therefore presumably in the duplicated 
extra copy of clone A (see ref. 13). 
< In previous descriptions of this type of gene rearrangement 
‘for the VSG B genes’*°, we suggested that the differences 
between our observations with this gene, and those of others 


Bam HI 


Fig. 4 Restriction enzyme site 
difference between the extra fragment kb 
and the basic copy of the clone A gene. 
peBA1 was hybridized with BamHI 
-digests of DNA from expressing (A) 
and non-expressing (B, C) trypano- 
some clones. The probe recognizes 
_ two fragments (11 and 5 kb) in all i1- 
= elones and a fragment >20 kb in the 
“expressing clone alone. When used as 
probes, the fragments from extreme 
ends of the cDNA (as in Fig, 3) show 5— 
that the 11 and 5kb fragments are 
respectively 5’ and 3' portions of the 
basic copy (data not shown), This indi- 
cates the presence in the basic copy of 
a BamHI site which is absent from 
both the cDNA and the additional, 
larger fragment unique to the 
expressor. 


>20- 











of gene rearrangement a sct di VSG genes expressed 
within one sequentially derived series. of trypanosome clones. 
It is evident that the ‘expression-linked copy’ model for VSG 
gene expression, as proposed by workers who observed extra 
copies of VSG genes in expressed states**'?, does not describe 
the expression of the VSGs B and C in this series of trypanosome 
clones. Therefore, there must be some other mechanism con- 
trolling expression of these genes. 

VSGs B and C are frequently expressed in relapse popula- 
tions in animals infected with other ILTAR 1 clones (J. J. 
Doyle, personal communication), whereas VSG A is only rarely 
observed in relapse populations. This difference in VSG 
expression may be related to the different types of nuclear 
DNA rearrangements described here. 

We thank Dr J. J. Doyle for providing trypanosome clones, 
Dr G. Matthyssens for critical reading of the manuscript and 
Ms Catherine Munyua for typing. 
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Microtubules are involved in a wide variety of cellular func- 
tions’ and are major components of many subcellular struc- 
tures (for example, the centriole, mitotic spindle, cytoskeleton 
and flagellar apparatus). The ability of microtubules to serve 
in such a diversity of functions may. be accounted for, at least 
in part, by heterogeneity in the constituent types of œ- and 
B- tubulin subunits*** in different microtubules. Higher eukary- 
otes generally possess several tubulin genes and this may — 
account for part of the heterogeneity of tubulin subunits’. 
However, the unicellular eukaryote, Chlamydomonas rein- 
hardii, has only two æ- and two 8-tubulin genes'*"'*, which 
suggests that some of the variation in tubulin subunits seen in 
this organism“? may arise as a result of post-translational 
modification. This. notion is supported by the experiments of 
Lefebvre et al." who compared flagellar tubulins with those 
produced by ia vitro translation of tubulin mRNAs. Here we 
show that a form of a-tubulin subunit apparently confined to 
the Chlamydomonas cell body is converted, post-transla- . . 
tionally, into a flagellar form of a@-tubulin and that this 
modification is dependent on flagellar assembly. We discuss 
possible mechanisms for these modifications and their implica- 
tions for the generation of unique types of microtubules having — 
specialized functions within the cell. | 





















1. The initial rate of outgrowth is quite rapid” 
5 um min`’) but diminishes exponentially as the flagella 
then. The new flagella approach their final length by 
min. During flagellar outgrowth, the synthesis of tubulin, 
je major structural protein of the flagellum, is rapidly 
nduced**'*'° Our studies have demonstrated that the synthesis 
f a- and B-tubulin subunits begins in less than 10 min after 
_ deflagellation and then rapidly increases to maximal rates in 
_ ~30-40 min. The autoradiograph shown in Fig. 1 illustrates 
this; it also reveals that in the SDS-polyacrylamide gels chosen 
for these experiments, the a-tubulin subunits produced from 
10 to 90 min after flagellar excision can be resolved into two 
discrete bands. We have designated the upper band as a, as it 
cO-migrates with the predominant species of a-tubulin in the 
flagellum {see track 8 and also Fig. 2). The lower band co- 
„Migrates with the a-tubulin subunit species found exclusively 
~ inthe cell body (see Fig. 2). Production of the a; tubulin subunit 
is detectable neither during the first 10 min after flagellar 
emoval nor beyond the time (~90 min) when flagellar out- 
rowth has been completed. The fact that a, does not accumu- 
late in the body of the cell and is produced exclusively during 
he period of flagellar assembly suggests that a portion of the 
newly synthesized a-tubulin subunits is converted to a modified 
m in a process associated with flagellar outgrowth. The 
-results of the following experiments support this conclusion. 
Tf mRNA is isolated from cells 45 min after deflagellation, 
. When the production of a; is at its peak (Fig. 1), and then 
> translated in the wheat germ in vitro translation system'*, an 
_ @-tubulin polypeptide is produced which co-migrates with the 
» .@-tubulin of the cell body (Fig. 2a, lanes 4 and 7). There is no 
tectable synthesis of a polypeptide having the same elec- 
retic properties as a, (Fig. 2, lane 4 compared with lanes 
). These results suggest that either a mRNA encoding 
ts but is not translatable in vitro or all cellular a-tubulin 
(As are translated faithfully in vitro and produce a-tubulin 
h is identical (or almost identical) to the a-tubulin synthe- 
zed and stored in the cell body. If the latter is the case, then 
ae Could only arise as a result of post-translational modification. 
< This interpretation is consistent with that of Lefebvre et al.® 
= who performed similar in vitro experiments using the rabbit 
__ reticulocyte translation system. Nevertheless, the possibility still 
exists that a putative a, MRNA does exist and that neither the 
- wheat germ translation system nor the reticulocyte in vitro 
_ System is capable of translating it into a mature polypeptide. 
To establish that a; is indeed the product of post-translational 
_.. modification, we performed two additional sets of experiments. 
. In the first, we took advantage of the fact that tubulin induc- 
< tion following deflagellation is not dependent on subsequent 
_. flagellar outgrowth’’. Flagellar regeneration was blocked in this 
_ experiment by treating deflagellated cells with colchicine. A 
- comparison of tubulin species produced by deflagellated cells 
in the absence (Fig. 24, lane 1) and presence (lane 2) of col- 
chicine revealed that the a; subunit was produced by the non- 
treated cells but not by a sample of the same cells treated with 
colchicine immediately after flagellar excision. As both samples 
were labelled for the same time period after deflagellation, 
these results also indicate that the appearance of a, is dependent 
on flagellar outgrowth. (To ensure that the load size of protein 
in any of the samples did not influence the relative migrations 
Of a- and ar-tubulin subunits, radioactive proteins from flagella 
_ or cell bodies were combined with appropriate samples of 
\on-radioactive proteins from the same sources as described 
ig. 2 legend, and run in Fig. 2b, lanes 3, 6 and 7.) 
ne second experiment, cells were deflagellated and 
to produce tubulin subunits for 120 min (Fig. 2c, lane 
yhich time flagella were regenerated (lane 4) and 
radioactively labelled tubulin accumulated in the 
lane 6). At 120 min, cycloheximide was added at a 
on.of 10 yg ml”! which blocks essentially all protein 
in 80S ribosomes in Chlamydomonas (ref. 17; Fig. 

























































































2c, lane 3). 


‘emoved from Chlamydomonas gametes, 2c, lan : . 
and centrifuged to separate out the labelled flagella. The pel- 


ation of a new set of flagella begins after ~10-12 










The cells were then deflagellated™”, rapidly chile 
leted cell bodies, which were free of contaminating flagella as 
judged by microscopic examination and by the lack of a,-tubulin 
subunits (lane 6), were resuspended in fresh medium and 
allowed to regenerate flagella for 1h. As expected'**', the 
cytoplasmic reserves of flagellar proteins allowed the regener-. ` 
ation of flagella that were on average 4~5 um long (compared — 
with 12-15 wm for full-length flagella). These short flagella 
were removed and separated from the cell bodies. Examination — 
of the a-tubulin in the flagella regenerated in the presence of 
cycloheximide revealed that a,-tubulin subunits were produced 
even in the absence of new tubulin synthesis (Fig. 2c, lane 5), 
None of the radioactively labelled a -tubulin that was converted- 
to a; during regeneration in the presence of cycloheximide was 
found in the body of the cell; a; was found only in the flagella. | 
Taken together, these data provide strong evidence that the 
major a-tubulin subunit of the flagellum is the product. of 
post-translational modification and, more importantly, that this : 
modification is coupled to flagellar assembly. Two mechanisms 
can be envisaged to account for the close coupling of post- K 
translational modification of a-tubulin and flagellar outgrowth. 
In the first, a-tubulin is modified in the cytoplasm only during — 
periods of flagellar elongation and, once modified, is rapidly 
and quantitatively transported into the growing flagellum. The 
second, and perhaps more attractive hypothesis, is that 
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Fig. 1 Tubulin induction following flagellar excision in C. reinhardii, 
Autoradiograph of a SDS-polyacrylamide gel containing H,°°SO,-labelled 
proteins produced at various times before and after flagellar excision. 
Preparation of gametic cells by transfer of vegetative cells to nitrogen- 
deficient media and deflagellation of these cells by pH shock were performed 
as described previously’’. Gametic cells were pulsed with H, “SO, before 
deflagellation (CON) and for the 10- or 30-min periods after flagellar 
removal shown below each track (for example, 30/60 denotes labelling 
from 30 to 60 min after deflagellation). Labelling conditions were as pre- 
viously deseribed'’ and included the use of chlorampenicol (250 uE mi”) 
to prevent the synthesis of chloroplast proteins. Samples having ~2 x 10° 
c.p.m. were loaded on to each track of the 15 cm-long 8% polyacrylamide | 
gel and the proteins separated by their differential electrophoretic | 
mobilities'*. a Designates the a-tubulin subunit which migrates as a protein 
with an apparent molecular weight of 56,000; af, the predominant a-tubulin 
subunit of the flagellum; 6, the -tubulin subunit of molecular weight 
53,000. Track 8 contains radioactively labelled flagellar markers (2 x H 
cpm. ).. 



















f 8% polyacrylamide gels (containing 0.1% SDS) in which samples from 


Comparison of tubulin subunits from deflageliated cells labelled in vivo 


Chlamydomonas mRNA. Procedures for the isolation of polyadenylated 
mRNA from deflagellated cells and its translation in vitro in the wheat 
germ translation system were as previously described'*. Jn vitro translation 
reactions were performed in the absence (track 1) or presence {track 4) of 
mRNA isolated from fully-induced deflagellated cells. For comparison of 
these in vitro translation products with radioactive proteins produced in 


and 5) with tubulin contained in the body of the cell (track 7}. The 


by the following combinations of components: track 2, a mixture of the in 


flagella; 7, unlabelled flagelia and labelled cell bodies. b, Effects of colchicine 
on the production of a- and a,-tubulin subunits by deflagellated cells. 


concentration (1.5 mg ml“) which prevents flagellar regeneration. Control 
and marker samples were as follows: 4, proteins from labelled, non-deflagel- 
lated cells; 3, labelled non-deflagellated cells plus labelled flagella: 6, 
labelled flagella plus unlabelled cell bodies; 7, labelled cell bodies plus 
unlabelled flagella. c, Conversion of pre-labelled a-tubulin subunits into 
a,-subunits during flagellar regeneration in the presence of cycloheximide, 
a protein synthesis inhibitor. Gametic cells were deflagellated and labelled 
with *“S-H,SO, for 120 min (track 1). Non-deflagellated cells were 
_ Similarly labelled in the absence (track 2) or presence (track 3) of cyclo- 
heximide (10 wg ml~'), At the end of the labelling period, cycloheximide 
was added and a sample of the cells which had regenerated flagella were 
again deflagellated in order to allow separation of labelled flagella (track 
_ 4) from labelled cell bodies (track 6) by density gradient centrifugation. 
The pelleted cell bodies were resuspended in fresh medium containing 
cycloheximide and allowed to regenerate new flagella for 60 min in the 
absence of protein synthesis, then the cells were once more deflagellated 
to separate flagella (track 5) and cell bodies (track 7). In this case, after 
the cell bodies and flagella had been separated by centrifugation, the flagellar 
fraction was centrifuged at 30,000 r.p.m. for 45 min in a Beckman SW 40.1 
rotor (as opposed to the usual centrifugation at 16,000 r.p.m. for 30 min 
in a Sorvall SS 34 rotor) to ensure the complete recovery of the short 
flagella regenerated in the presence of cycloheximide. 


Fig. 2 Analysis of a- and a,-tubulin subunit production. Autoradiographs 


ells and flagella labelled in vivo and samples of in vitro translation products - 
-{~1-2 10° c.p.m. per track) have been separated by electrophoresis. a, 


with *°S-methionine-labelled products from the in vitro translation of . 


vivo, tracks 2 and 6 contain samples. of cells that were deflagellated and | 
labelled for 60 min with *°S-H,SO,. An aliquot of these same cells was — 
deflagellated and flagella and cell bodies separated by density gradient © 
centrifugation”? to allow further comparison of flagellar tubulin (tracks 3 


electrophoretic migration of the tubulin subunits produced in vitro and in 
uivo was not influenced by differences in protein load sizes as demonstrated . 


vitro translation components of track 1 with proteins from deflagellated — 
cells labelled in vivo; track 3, a mixture of the in vitro translation components - 
of track 1 and flagella labelled in vivo; 5, unlabelled cell bodies and labelled | 


Gametic cells were deflagellated and labelled with *°S-H,SO, for 60 min ` 
in the absence (tracks 1 and 5) or presence (track 2) of colchicine ata 


the Tatter case, -localization of the enz mes responsible for- 
tubulin modification might be accomplished by their binding 
to structures closely associated with the growing tips of the 
axonemal microtubules (for example, the distal filaments .. 
described by Dentler’’). 
The present and earlier™™” observations of flagellar-specific 
tubulins suggest that, in general, the ability of microtubules to 
perform a specific function in a particular subcellular structure 
may be influenced by the types of tubulin subunits they contain. 
Differences in the tubulin composition of microtubules can, in 
turn, be influenced by either genetic variability between 
different tubulin genes in the cell or post-translational 
modification of tubulin subunits. The presence of multiple 
tubulin genes in several higher organisms'''* indicates at least 
the potential to generate subunit diversity at the genetic level. 
However, two observations raise some question as to the role 
of genetic variability in the production of different classes of 
microtubules within a single cell. First, in Aspergillus, a heat- . 
sensitive mutation in a single B-tubulin gene** seems to have - 
pleiotropic effects on several microtubule-mediated functions— 
suggesting that tubulin produced from a single gene can be 


6,23 


incorporated into most, if not all, of the microtubules of the .- 


cell. Secondly, in Drosophila, a mutation has been found in the 
structural gene for a 8-tubulin that is expressed only in testis 
tissue’. The variant tubulin produced from this ‘specialized’ 
tubulin gene is apparently not confined to a particular type of 
microtubule, but rather has wide ranging detrimental effects 
on various microtubule-containing structures within the cell. 
Therefore, if the existence of organelle-specific tubulin subtypes 
is widespread, the production of these subtypes may well have 
to depend on the kinds of post-translational modifications . 
reported here for the a;-tubulin subunit of the Chlamydomonas 
flagellum. 

Finally, one hypothesis that may be drawn from our results 
is that the enzymes required for flagellar a-tubulin modification 
may be located close to the site of axonemal microtubule 
assembly. In a broader context, this hypothesis suggests that 
the enzymes which modify tubulin subunits and thereby tailor 
microtubules to perform the specialized functions of a particular 
organelle may not be scattered throughout the cytoplasm but 
may be in close and perhaps exclusive association with the 
microtubules of that organelle. 

These studies were supported by NSF grant PCM-80-03438,. 
NIH grant CA-06927 and RR-05539, and by an appropriation 
from the Commonwealth of Pennsylvania. K.J.B. is a recipient 
of funds from the NIH (CA-09035). 
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InN 1962, Mrs Rachel Carson discovered the 
< harmful effects of pesticides in the pages of 
the New Yorker, and life has not been the 
same since for the chemical manufacturers. 
Earlier this year, Mr Jonathan Schell used 
<- the same vehicle to announce his personal 
_ discovery that nuclear weapons also have 
harmful effects, and in the process helped 
¿to fuel the influential campaign in the 
_ United States for a ‘‘nuclear freeze’’. Like 
-Silent Spring, The Fate of the Earth is a 
epublished collection of the magazine 
























he result is compulsive reading but not 
nece arily. a compelling book. The first 
alf i is the simpler and the more arresting, 
written as it is with restrained passion, 
suppressed rage perhaps. Yet Schell is not 
n out-and-out scaremonger but rather a 
utious one. His ‘‘nuclear predicament” 
way of referring to people’ S 
cë to the threat embodied in the 
arsenals — “‘the world has 
-on the whole, to think about 
y- much”. Properly and per- 
y he reminds his readers that 
ainties must abound in attempts 
uch as his to show what would happen in 
an all-out nuclear attack on the United 
States. Would more people be killed by 
rompt radiation from an airburst weapon 
in from fire or blast? Only time, says 
| ould tell. 

how canit be possible to write vividly 
outa topic, the destruction that might be 
used by a nuclear attack, when 
thousands on thousands of words have 
lready been cast in type? Schell succeeds 
fort twoi reasons, one less creditable than the 
E other. ee 
The meaner trick is the assumption of 
“discovery: 











We have lived in the shadow of nuclear arms for 
; thirty years, so it does not seem too soon for us 
to familiarize ourselves with them... . 


OE 
a description of a full-scale holocaust seems to 
. be made necessary by the simple but basic rule 


-o that in order to discuss something one should 
< first know what it is. 


‘here follows a list of the technical reports 
at Schell has referred to, but there is no 
wiedgement of other writers in the 
, : Robert Junk with his 
na Thousand Suns, for 
One’s first reaction is 
‘why should Szilard, for 
ention in Schell’s account 
‘who called on a number of 
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colleagues to keep the discovery [of fission, 
not then of the bomb] secret from the 
Germans’’? Was he not the Manhattan 
Project man who wore his conscience most 
conspicuously on his sleeve? But 
charitably, one quickly comes to terms 
with Schell’s assumption. To discover the 
prospective awfulness of the holocaust is 
more likely to catch the attention than to 
recount what has been told already. Schell 
is in any case properly diffident about his 
knowledge of distant historical events 
{using the phrase ‘“‘it is reported” 
describe what happened during the Cuban 
missile crisis of 1962); and then, perhaps, 
each. generation that lives with the bomb 
needs its own prophet. 


Schell’s second trick, his literary skill, 


gives him a good chance of being that. His 
account of what the holocaust might be like 
is original, almost fresh. Fission, as fusion, 
is the exception that proves Einstein’s rule’ 
that mass can be converted into energy. 
The novelty in fission is that the strong 
nuclear force was for the first time 
manipulated by people. One gram of 
uranium destroyed Hiroshima, but the 
bomb weighed four tonnes. 

The literary rehearsal of the holocaust 
takes off effortlessly from this point. Schell 
says that in ‘‘this unique endeavour”, 
‘foresight is asked to perform a task 
usually reserved for hindsight’’. He is only 
a reluctant futurologist. He takes comfort 
from the circular slide-rule distributed with 
copies of Glasstone and Dolan’s book The 
Effects of Nuclear Weapons to ground his 
calculations in someone else’s reality, and 
he does his best to follow the New Yorker’s 
precept that the whole world has an 
absorbing interest in what happens in 
Manhattan by exploding his mercifully 
hypothetical one-megaton weapon above 
the Empire State Building; all the buildings 
between Battery Park and 125th Street 
would be knocked down, the fireball would 
set the city alight. ‘‘From Greenwich 
Village up to Central Park, the heat would 
be great enough to melt metal and glass.” 

Schell, of course, is telling the truth. He 
is probably also right in his guess of what 
would happen if the existing stock of Soviet 
nuclear warheads were fired at a 
representative set of targets throughout the 


their children and their children’s childre 
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United States. Cannan systems 
would be put out of action. Most cities not 
flattened would be burning. The few 
survivors would be either beastly or 
indifferent to each other, and hampered in 
their efforts to restart some kind of 
primitive society by their load of genetic 
defects and consequent somatic. 
transformation. The critical question, for 
Schell, is whether the result would be to -` 
extinguish the human species or to make 
life on the Earth impossible, perhaps by the ~ 
removal of the ozone cover, for all excepta 
few plants and radiation-resistant insects. 
He acknowledges that the outcome is — 
uncertain, but although there is “all the 
difference in the world? between the. 
chance and the certainty of extinction, 
“morally they are the same’’. Z 
Peroratively, half-way through his : 
book, Schell remarks: 
















































In weighing the fate of the earth and, with it, our 
own fate, we stand before a mystery, and i 
tampering with the earth we tamper with a 
mystery. We are in deep ignorance. Our 
ignorance should dispose us to wonder, our 
wonder should make us humble, our humility 
should inspire us to reverence and caution, and 
our reverence and caution should lead us to act 
without delay to withdraw the threat we now 
pose to the earth and to ourselves. 


This purple passage is the climax to the | 
book. Tract though it may be, it is a well- - 
intentioned tract. Its naivety can be- 
forgiven as innocence. Its neglect of the 
agonies that have exercised people of all - 
kinds since 1938 is less easily forgiven, but 
Mr Schell has an important point to make. 

At this high point in his book, with only 
half the pages turned, readers are bound to 
wonder what can come next. An account, 
probably ironical, of the attempts that 
people have been making over the years to 
negotiate arms control agreements? A 
discussion of the danger of nuclear 
proliferation, and of the wayward policies 
of the nuclear suppliers in this regard? The: 
answer, it turns out, is nothing like that but . 
a chapter called ‘‘The Second Death’’, a 
kind of essay on the theme that even in 
strictly personal terms there is something = 
worse than being killed — the whole species 
might be eliminated. 

Nobody will quarrel with the conclusion. 
Did not even St Augustine, for whom the - 
objective of every human being was to ~ 
arrive safely in Heaven, acknowledge that ~ 
even quite ordinary people could be fixated 
on the terrestrial future by their regard for 


























is different from other knowledge in that it 
cannot be forgotten. Really? And that 


a disturbing corollary of the scientists’ inability 
< even to foresee the path of science, to say 
: = nothing of determining it, is that while science is 
i-i without doubt the most powerful revolutionary 
: force in the world, no-one directs that force. 


But Schell’s real objective is to contrast and 
compare the notions of death and ex- 

. tinction, one personal, the other for the 
species. He rightly and evocatively finds a 
- ; parallel between the extinction of wagon- 
-loads of people in the concentration camps 


and the feared extinction of whole species. 


<. |tisan ethical goal, he says, to seek to avoid 

> „extinction. Yet living as we do on top of a 

©. nuclear stockpile, we are “living with a 
. lie”. 


The core of Schell’s final essay is a 


< comment on the doctrine of deterrence, a 
- popular target these days. If the objective is 
: to build a weapons system so powerful that 
the destruction of an adversary can be 
assured, how can success be made 
convincing without a demonstration? But 


detente is no good either: look at the way 
the Soviets made ‘‘crimes against detente” 
punishable, and how President Nixon 
pleaded exemption from the laws of the 
United States for the sake of a por 
world. The real bugbear, Schell says, i 
sovereignty (but his book was T 





< before the Falkland Islands conflict). 


©... just as those who favour the deterrence 
policy... 
: scheme contemplates the extinction of man in 


must in all honesty admit that their 


the name of protecting national sovereignty, so 
must those who favour complete nuclear and 


Journals’ review issue 1982 


On October 7th Nature will publish a second 
review supplement devoted to science 
- journals. Last year’s supplement, covering 
journals first published between January 
1978 and May 1980, appeared in Nature 293, 
341-369; see p.343 of that issue for details. 
Criteria for inclusion of a journal in the 
1982 issue are that: 


@ the first number appeared, or the 
journal was re-titled, between June 
1980 and May 1981; 

@ it is published at least three times a 
year; 

@ the main language used is English. 


Broadly, periodicals of professional 
interest to scientists will be considered for 
review, with the exception of abstracts’ 
journals. 

In addition it is hoped to cover publicly 
available newsletters, first published 
between January 1978 and May 1981, in that 
issue, 

Publishers and societies are invited to 


. | submit four sample issues of periodicals — 


satisfying the above criteria, including the 
first and most recent numbers, to the Review 
Editor, Nature, 4 Little Essex St, London 

| WC2R 3LF, England (London 836 6633 
ext 2570) as soon as possible. 


i Thus ie asserts. that scientific kovis 





their- recommendation is inconsistent with 
national sovereignty’. EAN 





Read as a piece (and it does not take iong), 
Mr Schell’s book is thus an extraordinary 
let-down. “I have not sought to define a 
political solution to the nuclear 
predicament” but “I have left to others 
those awesome urgent tasks. . .’’. There’s 
generosity for you; some other author, 
another four-part series in the New Yorker, 
perhaps? 

What Mr Schell has forgotten (apart 
from the precursors whom he fails to 
mention) is that the simplest explanation of 
his opening conundrum — why are we 


~ but a failure to devise 





litical procedures 
for its sure avoidance. People have seen the _ 


difficulties and have sometimes lost heart: — 
Mr Schell’s recipe, if taken seriously, can a“ 





only further depress them, for in his 4 

eloquent way he is saying that the problem ~; 
would be manageable. if only the world... 
were an entirely different place. Forabook ` 
that makes so much of people’s ethical _ 

responsibilities, that is not merely a disap- 
pointing conclusion but an irresponsibly 
airy recipe for conduct. a 





John Maddox is Editor of Nature. 
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A ffinity Chromatography and Related 
Techniques: Theoretical Aspects/ 
Industrial and Biomedical Applications. 
Analytical Chemistry Symposia Series, 
Volume 9. Edited by T.C.J. Gribnau, J. 
Visser and R.J.F. Nivard. Pp.584. ISBN 


0-444-42031-2. (Elsevier Scientific: 1982.) 
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AFFINITY chromatography has marched 
out of the research laboratory and into the 
world. That was to be the message of the 
symposium held in June of last year at 
Veldhoven, of which this book is a record, 


and the organizers emphasized it by 


bringing together similar numbers of 
participants from industry and academia. 
Meetings based on the discussion of a 
technique run the risk of being boring since 
the wide range of possible applications may 
contain only little of interest to an 
individual. The organizers overcame this 
by concentrating the contributions around 
biomedical applications and relevant 
industrial processes. This theme penetrated 
also into the contributions on theoretical 
considerations and developments in supports 
and chemistry; many of these were based on 
biomedical or industrial needs. 

By far the most exciting current appli- 
cation of affinity chromatography is 
indeed to the biomedical field. Even the 
ability to simplify the isolation of useful 
compounds from biological sources will 
open up new possibilities in patient. treat- 
ment and management. Several contribu- 
tions describe the commercial production 
of proteins from human plasma by this 
technique, others indicate the way to future 
products, while one author laments that 
only lack of knowledge of their function 
inhibits the isolation of more plasma 


constituents — perhaps the physiologists — 


will take up this challenge. Exploiting the 
high specificity of antibodies in therapy, as 
reagents and as affinity ligands, has often 
been hindered by difficulties in their 


isolation due to the high interaction — 
energies between antigen and antibody. | 


The successes described here in the | 


fractionation of antisera and in the puri- - 
fication of vaccines will help many, par- 


ticularly when combined with the practical 
conclusions in the theoretical paper by van — 
Oss, 


Some disquiet was expressed at the 





meeting that ligand leakage might contami- `- 
nate products intended for clinical use with 
hazardous compounds, especially wheres 
organic dyes are the ligands. These prob- _ 
lems should be easy to overcome. After all, 
what is affinity chromatography about if 
not to remove small quantities of a sub- — 
stance from large quantities of other 
material? 

One forward-looking section of dives 
papers considered the use of affinity | 
systems directly in therapy, for the delivery | 
of drugs to specific sites in vivo and for the 
extracorporeal treatment of blood to 
remove toxins, drugs and so on. Although 





_ there is a long way to go, these approaches 


to more specific treatment of disease are 
surely to be encouraged, a 

Itis rare to read of an affinity chromato- 
graphy system that is not based on 
cyanogen bromide-activated agarose, yet 
most meetings include sections on new 
supports and coupling methods. Why is 
this? One answer was evident at 
Veldhoven. Both large-scale work and the _ 
new high-pressure liquid affinity chroma-.. - 
tography systems need robust supports 
such as the glass, silica and polymers 
described by several speakers. 

Many good posters were shown at the 
meeting and it is a pity that, tantalizingly, 
only the titles, not their abstracts, have 
been published in the book. Nonetheless 
those interested in using the technique | 
rather than. in studying the phenomenon © 
will find much of value in this volume; even 
the theoretical section contains advice 
which will be of much practical use. E 


| Peter Byfield is a eeni Officer in the z 


Endocrinology Research Group at the Clinical. nE 
Research Gente ow, Middlesex. ce 

























“Oceanic Lithosphere. Edited by 
are Emiliani. Pp.1,738. ISBN 0-471- 
2870-3. (Wiley: 1982). £110, $195. 


INCE the inception of the Deep Sea 
Drilling Project, which has played a major 
~ role in providing data from previously 
_ unsampled horizons in both sediments and 
the basaltic basement, marine geology has 
_ -emerged from infancy and into an exciting 
m period of discovery. More recent work 
-using manned submersibles has proved in- 
_. valuable for the precision sampling of 
Specific areas of interest. Investigations 
_, have not been restricted to these data, 
- however, and bottom sampling and geo- 
physical work outside the DSDP are 
oviding the basis for new studies, such as 
the extensive use of gravity and piston core 
sampling in the investigation of 
‘Quaternary sediments (for example in the 
MAP project). 
: ~The Oceanic Lithosphere, the seventh 
© volume of The Sea series, attempts to bring 
together some of the new discoveries and to 
“provide reviews of the major fields of 
research. Its scope is therefore enormous, 
O one Pook could a to cover all 





























is ae that a number of the 
w articles — such as those on heat 
probe and on magnetics, and on the com- 
.. position and evolution of the ocean crust 
¥“ — constitute works of equal, if not greater 
~ value to researchers of a general geological 
or geophysical bent seeking broad 
-> appraisals of the ocean basins than to the 
© specialist oceanographers to whom this 
-book claims to be directed. In contrast, or 
: perhaps asa balance, a number of detailed 
discussions — such as those considering 
elium isotope work and radiogenic gas 
retention — will be of far more limited 
appeal, and may have been included at the 
"expense of swelling an already impressively 
~-over-large tome. 
Nevertheless, valuable contributions are 
made in the form of studies of ophiolite 
-- Suites and their role in the understanding of 
-the evolution of present-day oceanic crust. 
Petrological analyses of oceanic basement 
vare well represented, and in particular the 
- -teview by Fox and Stroup provides a com- 
. prehensive synthesis of work on oceanic 
crust with its discussions of composition, 
seismic structure, heat flow results and 
agnetism. 
"he section on marine sediments covers 
topics from sediment compo- 
n to the evolution of ocean 
art from red clays, most oceanic 
re biogenic in nature, and 
‘ir microfaunas enables us to 
st climates and ocean circu- 
































epths in marine geology 
p Veaver & Lindsay Parson 


thoroughly and competently, but in 


lation patterns, and to identify changes in 
the normal sedimentary regime such as 
hiatuses, anoxic intervals and periods of 
mass extinctions. The Oceanic Lithosphere 
necessarily devotes several chapters to 
reviews of the various microfossil groups, 
providing comprehensive summaries of the 
particular group, their present-day and 
past distributions, and their value to 
oceanography. These are followed by 
chapters reviewing the deep-sea record and 
the dynamics of the Earth’s sediment 
system as a whole. 

One of the areas of particular interest at 
the moment is the study of sedimentary 
processes. Identification of sediment 
drifts, submarine slides and erosional 
channels, and the mapping of turbidite flows 


All round the world of algae 


Brian Whitton 


The Ecology of Algae. By F.E. Round. 
Pp.653. ISBN 0-521-22583-3. (Cambridge 
University Press: 1981.) £60, $130. 





PROFESSOR Round has presented us with 
the type of book which is becoming rarer 
and rarer, a major monograph written by 
just one person. Algae are a decidedly 
heterogeneous group of organisms, so the 
author has faced up to a challenge which 
would daunt most editors of multi-author 
symposium proceedings. The Ecology of 
Algae has well over two thousand 
references integrated into the text, so it 
approaches in scope such famous works as 
F.E. Fritsch’s Structure and Reproduction 
af the Algae (Cambridge University Press; 
1935, 1945) or one of the volumes of G.E. 
Hutchinson’s A Treatise in Limnology, 
published by Wiley. The question, then, is 
just how well has the author succeeded in 
covering this vast topic. 

Professor Round has himself published 
papers on freshwater and marine environ- 
ments, and has travelled and researched in 
many countries. The book obviously bene- 
fits from this, as both types of environment 
are given equally sympathetic treatment 
and examples are chosen on a world-wide 
basis. There is only one specifically marine 
chapter, on coral reefs. Throughout the 
rest of the book the algal ecology of fresh- 
water, subaerial and marine environments 
is brought together, usually in adjacent 
sections, but sometimes in a single inte- 
grated account. This approach is often very 
successful in showing similarities between 
different environments, particularly 
among the phytobenthos communities 
which were the subject of much of the 
author’s earlier research. As far as I can 
judge, most topics are dealt with 





us that the ocean floor is- 
necessarily stable. Regrettably, this area of 
research is not covered in the book and 
readers seeking an overview of the subject 
could be left with the misconception that’ 
the oceanic sedimentary record consists of 





a layered sequence of undisturbed Eo 


sediments. 

Taken as a whole the volume offers a 
somewhat patchy review of the oceanic — 
lithosphere. It would have been more — 
logical to produce it as two separate parts 
as with other volumes in this series, and 
perhaps to add a few more topics to each 


part. Largely as a result of the amalga- 
mation of these two parts, The Oceanic 


Lithosphere appears destined for the reference _ 


collection kept on a sturdy shelf, oe 





Philip Weaver and Lindsay Parson are at the 


Institute of Oceanographic Sciences, Wormley, 


Surrey. 








comparison with the space given to the : 
behaviour of algae, treatment of the. 
environment is brief. Information on. 
nutrient cycles is particularly sparse and : 
rather uncritical. ; 

The text steers a reasonable course 
between the summary of numerous case 
studies and synthesis; there is none of the 
nonsense associated with the glib general- 
izations of several modern algae textbooks. - 
A great deal of information is packed into 
each section, so the text often requires hard | 
concentration; many readers will probably 
use the book more as a means of finding 
their way into the literature than as one from | 
which whole chapters are read in a single | 
sitting. I enjoyed especially Round’s own 
comments on the state of particular areas 
of research. Such asides can be decidedly 
annoying, but Round’s often show con- 
siderable insight and are so sensible that I 
found them most helpful. 

The book is well produced, with 
numerous figures, useful summaries at the 
end of each chapter, few printing errors 
and accurate references. An appendix 
summarizes the current state of algal 
systematics, though (to quibble) I would 
disagree with the inclusion of the Prochlo- 
rophyta as a phylum. The main text reviews 
a large body of literature with a sweep that 
few, if any, other phycologists in the world 
could attempt. Research on ecology dates 
much more slowly than that on physiology = 
and biochemistry, so The Ecology of Algae 
is likely to remain an important text for at 
least the next decade. I hope librarians will _ 
find the money to buy this book, whatever _ 
the state of their finances. a 





Brian Whitton is Reader in Botany at the - 
University ies Durham. | 
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Early Emission Line Stars 


C R Kitchin 

A concise review of recent research 
and the current understanding of 
some of the most interesting types of 
stars and stellar systems. The 
presence of bright emission lines in a 
stellar spectrum indicates an object 
which not only differs in some way 
from a standard main-sequence star, 
particularly in the nature of its 
atmosphere, but is also at a crucial 
stage in its evolution. This book 
reviews the very extensive study of 


$ the ‘early’ type of emission line stars, 


and discusses the results obtained 
and the scientific inferences which 
are drawn from them. 


May xid+781pp illus 


0-85274-402-1 hardcover £16.00 
Orbital Motion 
AE Roy 


2nd editron 

A new edition of this successful 
textbook comprehensively 
encompassing the analytical methods 
of classical celestial mechanics, 


— numerical experiments on the orbital 


evolution of gravitating masses, and 


-the astrodynamics of artificial 
~ satellites and interplanetary probes. 


The revisions include new data on 
bodies in the Solar System, 
particularly in the systems of Jupiter 


f and Saturn, and discussion of recent 
| work on the general three-body 


problem. Includes problems with 


< answers and appendixes of useful 


oe 


Wdependent opinion of the first 
edition: 


his excellent textbook ... highly 
_much fascinating 


p jaterial. Sky and Telescope 


hough intended primarily for 
edvanced undergraduate and 
postgraduate students, a good deal of 
tye material could usefully be 
jacluded i in tirst- and second-year 

i ndergraduate courses in applied 
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Alison J olly 


Reproductive Biology of the Great ors 
Comparative and Biomedical Perspectives. 
Edited by Charles E. Graham. Pp.437. 
ISBN 0-12-295020-8. (Academic: 1981.) 
$52.50, £34.80. | 


Tus is an unusual book: it achieves just 
what it sets out to do. It isa handbook that 
summarizes existing knowledge of ape 
reproduction, and in the process also raises 
new ideas which will shape future research. 
And yet, for those few people who read the 
entire volume, the clearest impression is 
not the zoological synthesis the various 
authors achieve, but an ethical chasm 
which divides them. 

To be sure, the synthesis is impressive: 
studies of ape reproductive tracts, secre- 
tions, hormonal control, pregnancy and 
birth, endocrine development, sexual 
behaviour in laboratory or field, as well as 
conditions of caging and handling for 
different studies, are brought together and 
analysed thoroughly. The book shows that 
the field observations do correlate with 
laboratory studies of anatomy and physio- 








logy; one can indeed illuminate the other. 


This volume will thus be an essentia! refer- 
ence source, 

But how do these ape studies apply to 
human beings? Here we reach the gulf 
between the indoor and the outdoor 
scientists. Each of the physiological articles 
ends by saying that ape reproductive para- 
meters are much closer to those of human 
beings than to rhesus monkeys’. Each then 
concludes that we must conserve the great 
apes for use in medical experiments un- 
ethical with human beings, though most 
add that both ethics and commercial good 
sense mean limiting damage to such 
“models” to a minimum. 

The field workers, instead, want apes 
conserved for their own sake and for the 
scientific and aesthetic pleasure they give 
us. Perhaps they even share my distaste for 
calling a living animal a ‘‘model’’, which 
implies that it exists only as a human surro- 
gate. They certainly emphasize conserv- 
ation of wild habitat with its mothers that 
dote five years on one infant before bearing 
the next, instead of ‘‘rational’’ rearing in 
nurseries. Battery ape production means 
removing infants from the mother at birth, 
if destined for experimental use, so that 
mothers skip lactational amenorrhea and 
get on with the next pregnancy. At present, 
a breeding nucleus of infants must be left 
for two years with the mother before 
removal if they are to become emotionally 
capable of adult sexual intercourse. Later 
perfection of artificial insemination might 
remove any ‘‘need’’ for either ape sex or 
ape motherhood. | 

I exaggerate, but only slightly. Under- 


standing ape reproduction is desperately. 
| important to maintain the captive popu- € 
lations: 1,000 chimpanzees in the United a 






. States; fat we ¿orillas and orang utans. 
In Great Britain and Ireland, as of January A, 


1980, zoos held 167 chimpanzees, 63 * 


gorillas and 61 orangutans, few of them 
breeding adults. We may argue cynically 
that we shall not pay to support these 
creatures and their remaining wild cousins 
unless we selfishly think of them as 
‘‘models’’, or we may frankly argue that 
they should be preserved for other reasons. 
Of the physiologists who have contributed 
to this book, only R.V. Short has the 
courage of his logic as well as his con- 
victions to conclude: 


Humans not only are more available, but also A 


infinitely more cooperative than apes; human 
reproductive biology is more likely to be 
pioneered in the human, and it is seldom that the 
basic facts will first be revealed in an ape, and 
subsequently extrapolated to man . : 
only great apes to survive in the 21st century are.” 
to be found in zoological gardens and ` 
laboratories, we will have lost forever many of = 
the vital behavioral clues which explain why œ- 


these animals are built the way they are. The — 


great lesson of evolution is that form reflects. 
function. Bequeathed only a caged, or worse — 


still, a stuffed gorilla, we would have no way of. - 


determining the adaptive significance of any of 
its anatomical features . . . if we can begin to 4 
correlate form with function in our closest rela- 


tives, then by analogy we can gain new insights __ 


into the selective forces that have made humans — 
what they are today. 





Alison Jolly is a Guest ‘Investigator at The | 
Rockefeller University, New York. 





Knowing one’s place 
R. H. S. Carpenter 


Human Visual Orientation. By Ian P. 
Howard. Pp.697. ISBN 0-471-27946-3. 
(Wiley: 1982.) £25, $59.95. 








OuR senses provide us with two distinct 
kinds of information: what, and where. — 
Neurophysiologists, beguiled by the 
complexities of what, have tended to: 
neglect where; yet the location of stimuli is 
far from being the simple matter one might 
at first suppose. 

Objects can only be localized relative to 
the organ that senses them; if this is itself 
moveable, then we need to know not just 
where the object is relative to the sense . 
organ, but also where the sense organ is 


relative to the body. In the case of vision, 


we have a highly mobile eye mounted ona- | 


freely turning head, attached to a flexible 


body which can be moved about with the ` 


fest, Add to sien ‘oi wel by number of <i 











If the 












t on not just oes our eyes, but 
ense organs in our muscles, skin and 
rom the vestibular receptors that 
about the motion and attitude of our 
lative to gravity, and from the 
| expectations that we have of the way 

ne world is structured. | 
Toa very large extent, this integration of 
various kinds of information must be 
learnt: unlike a surveyor’s theodolite, our 
-senses do not come to us ready-calibrated 
in degrees and minutes of arc, but must be 
- scaled. by our own brain through its 
experience of the way in which one kind of 
sensation tends to be correlated with 
_ another. If we wear prisms that deviate our 
ght to one side, neh at first we reach 

vi 

















gyn deal of interest over the 
few years, for it enables one to make 
ctively quantitative measurements of 
learning processes involved. The 
advantage of studying sensorimotor 
coordination rather than perception is that 
~~ we then work with a system with a clearly 
fined output as well as input; in the latter 
there must always be some doubt as to 
re of whatever it is that is doing the 







































ind a deceptively modest title, 

‘Visual Orientation hides a wealth 

etailed and remarkably up-to-date 

rmation about nearly all aspects of this 

y wide subject. Particularly welcome, in 

ield where slipshod terminology can 

easily lead to tangled confusion (how, for 

‘ample, does one rigorously define the 
direction of gaze?), are the author’s 
ccinct definitions of technical terms, and 
clear and intelligent reviews of salient 
ts in an area in which many important 
ations date back to the nineteenth 

-entury. Many topics which the title of the 

jook might not lead one to expect — the 

urophysiology of eye movements, for 

- one — are summarized with equal clarity 

i and expertise. 

-> In other respects, however, the author 
has perhaps been. too modest in his aims: 
his explicit omission of motion perception 
and other dynamic. aspects of orientation, 
and perhaps especially his suspicion of 
model-building and his reluctance to 

< synthesize and integrate on more than a 

¿moderate scale, may leave some readers 
unsatisfied. But this does not detract 

2 significantly from what is otherwise a first- 

ro rate book, a richly-veined mine of 

: information that will undoubtedly become 

andard work of reference and provide 

Lo ponder upon for many years. ©] 

















ifer is a Lecturer in Physiology at 

of Cambridge. He is author of 
, Shortly to be published. by 
and of Movements of the ony 


Eion K. Caldwell 


The Land Use Policy Debate in the United 
States. Edited by Judith I. de Neufville. 
Pp.269. ISBN 0-306-40718-3. (Plenum: 1981.) 
$29.50, £18.59. 


TO UNDERSTAND the land use policy debate 
in the United States one must first recollect 
its historical context. During the colonial 
era, and for decades thereafter, settlers 
were drawn to the New World by the 
prospect of free land unburdened by the 
feudal legacy of taxes and servitudes. And 
whereas general English common law 
regarding ownership and tenancy of land 
was brought to North America, specific 
restrictions were left behind. Moreover the 
early years of colonization occurred at a 
time when English landowners were 
shaking off feudal exactions. In any event, 
controls by government were largely 
unenforceable on the frontiers of 
settlement. Then, as public authority and 
jurisdiction were extended to 
unappropriated lands, the guiding object 
of public policy was to move ownership as 





rapidly as possible into private hands. 


For a century after independence, 
speculation in the purchase and sale of 
public lands was one of the principal roads 
to wealth in the United States. And the 
most respected figures in public life, not 
excepting George Washington himself, did 
not hesitate to engage in it. The 
privatization of land was carried further in 
North America than perhaps in any other 
country in the modern world. Attempts to 
impose even minimal controls on the uses 


The geologists wife 


TO HER HUSBAND SETTING OFF 
UPON AN EXCURSION 


Adieu then, my dear, to the Highlands you go, 
Geology calls you, you must not say no; 

Alone in your absence I cannot but mourn, 
And yet it were selfish to wish your return. 


understanding and attitude will have to 












of land have not come easily. In 1970 the- 
Senate of the United States considered a 
National Land Use Planning Act, which. 
was intended to encourage states and — 
localities to adopt forms of democratic 
planning that would avoid at least the worst ©. 
conflicts and demonstrable misuses of 
land. Endorsed by President Nixon, this. 
measure passed the Senate on three- 
occasions but never reached the floorofthe . 
House of Representatives, being blocked 
by a combination of land speculators, 
developers, farmers and ordinary citizens 
who feared that the government was about 
to take away the right to do as they pleased 
with the land that they owned. 

Against this background, one may better ©- 
understand the 20 essays that make up this 
book. They evolved out of a colloquium _ 
held in 1977 under the sponsorship of the _ 
Lincoln Institute of Land Policy at 
Cambridge, Massachusetts. In view of the 
long history of frustration in land use 
planning in the United States, it was. 
appropriate that the focus of the 
colloquium was on latent values in land use 
policy. It should be apparent that a 
significant measure of change in popular . 

























































occur before rational land use policy will 
become effective in the United States. 

The scope of the colloquium, and the 
book, includes considerations of land use 
as affected’ by economic, social and. 
environmental policy, the role of markets, 
the law and public participation. Finally, : 
the authors raise the possibility of a new: 










No, come not until you have searched through the gneiss, 
And marked all the smoothings produced by the ice; 
O’er granite-filled chinks felt Huttonian joy, 

And measured the parallel roads of Glenroy. 


And if, in your wanderings, you chance to be led 
To Ross-shire or Moray, to see the Old Red, 

Oh still, as its mail-covered fishes you view, 
Remember the colour is love’s proper hue. 








Such being your feelings, I'll care not although 

You’re gone from my side — for a fortnight or so; 

But know, if much longer you leave me alone, 

You may find, coming back you have two wives of stone! 










These verses, four of the eight in The Geologist’s Wife — written by the anonymous but evidently. | 
love-lorn “Susan” in 1847 — are taken from The Poetry of Geology, recently published by Neal 
Allen & Unwin. The ae * is edited es Robert M. Hazen and costs s £4, 95, 39. 95. 













‘editor of this volume, who is a member of 
the Department of City and Regional 
Planning of the University of California at 
Berkeley, pulls together the principal 
themes and viewpoints of the authors in a 
final essay. 
| Four general policy positions emerge in 
the discussions, although not all of the 
-=c viewpoints are shared by all authors. The 
<: frst is that the test of good land use policy 
js the procedure by which it was adopted. 
This opinion divides between those who 
emphasize participatory democracy and 


< those who advocate market processes. The 


second position is that a policy is good if it 
truly represents the public interest. This 
view of ‘‘goodness’’ depends less upon 
what people think than upon ostensibly 
objective assessments of the implications 
—~ economic, ecological and ethical — of 
particular land use decisions. A third 
position is that a good land use policy is one 
~ that is allied with technological or problem- 
solving criteria. From this viewpoint land 
‘use capability, as assessed by technological 
and economic possibilities, is the 
“significant factor in determining the land’s 
‘best and highest use. Fourth, and final, is 
the notion that good land use policy must 
be “socially just’’, correcting, or at least 
‘not aggravating inequalities of wealth and 
power in society. 
Although the viewpoints taken in this 
collection of essays are not new, they seem 
to require periodic restatement in a country 
in which deep-rooted emotional and 
‘psychological problems inhibit the 
development of any consistent or rational 
policy regarding land. Ann L. Strong, the 
“most widely known of the authors, is surely 
-right in her contention that in the United 
States there has always been an ultimate 
-public interest in the care and custody of 
land. No less a libertarian than Thomas 
:: Jefferson made this explicit. But the myth 
of absolute and uninhibited private 

ownership has dominated public policy 
even to the demonstrable detriment of 
most private land owners. 

The principal value of this collection of 
essays is that it reiterates the terms of the 
debate and keeps the discussion going at a 
time when the prospects for the reforms 
that most of the authors advocate appear 
unpromising. I agree with Ann Strong in 
the title of her essay, ‘‘Land As A Public 


Good: An Idea Whose Time Has Come 


Again’’, but I recall that the idea of a 
: national land ethic implemented through 
public law has come among Americans 
before, and has not been received. I believe 

that the force of circumstances will 
inevitably cause the concept of land as a 
public good to be generally accepted, but I 
am not yet persuaded that that time is now. C 


Lynton K. Caldwell is Bentley Professor of 
Political Science at Indiana University, and 
participated in drafting the United States 
National Land Use roo. Act of I 1970. 





elating to political control of land use. The 4 


Susanna Millar 


Animal Play Behavior. By Robert Fagen. 
Pp.684. Hbk ISBN 0-19-502760-4; pbk 
ISBN 0-19-502761-2. (Oxford University 
Press: 1981.) Hbk £21, $29.95; pbk £10.50. 





THE cover notes and preface to this book 
declare that Fagen has broken new ground 
by adopting an evolutionary approach to 
play, and that he has solved an important 
biological paradox. This is a somewhat 
inflated claim. With the single exception of 
behaviourism, now long outmoded, there 
is no theory of play, and no developmental 
theory, that has not assumed an evolu- 
tionary context or has operated in a bio- 
logical vacuum since Spencer first tried to 
account for play, and Darwin started child 
watching. The introduction explains. that 
only analyses based on sociobiology and 
behavioural ecology count. Fagen antici- 
pates that this will cause offence. It is not at 
all clear why, except that the aggressive, 
polemical style seems to invite it. Muted 
hope, that the proposals will justify the 
claims made for them, is a much more 
likely response. _ 

Fagen does, nonetheless, make a worth- 
while contribution; more to method than 
to theory, but potentially all the more 
useful for that. He proposes to apply 
formal modelling techniques to play, using 
assumptions based on current genetic and 
evolutionary ideas. Formal mathematical 
and computer models, designed to simulate 
behaviours of complex systems, can be 
used to investigate the properties of the 
systems and are widely used in research in 
biology, genetics and psychology. Fagen’s 
examples of possible model fitting with 
questions related to play, given mainly in 
appendices, are much the most interesting 
parts of the book and provide clear 
pointers to what could be done. 

The main problem about play, according 
to Fagen, is that animals geared to survival 
apparently ‘‘waste time’’ by playing. 
Actually, this is more a terminological 
quibble than a biological paradox. The 
‘‘useful/useless’’ dichotomy depends on 
the system of classifying behaviour by the 
outcome, goal or end-state which is 
obvious to the observer. It is arbitrary and, 
therefore, provides no reason against 
analyses of play in terms of survival value; 
or against applying the theory of 
frequency-dependent natural! selection of 
genetically based variations to play be- 
haviours. But there is also a genuine dif- 
ference between play and behaviours such 
as sex and aggression, which here gets 
rather lost. This is the paradoxical relation 
between play activities and the contexts 










Robert S. Desowitz’s New Guinea Tape- 

worms and Jewish Grandmothers (reviewed 
in Nature 296, 514; 1982) will be published 
next week in the United Kingdom by W. W. 

; Norton, price £9. 25. p 






| let) of Oxfo 


(outcomes) in which they occur. It poses no 
problem for biological principles, and the 


“‘useful/useless” distinction is irrelevant to ” 


it. But the relation between activity and 
context does differentiate play from other 
behaviours, and it deserves rather more 
attention than it is accorded by Fagen. 

By far the largest part of the book. is 
devoted to the assumptions that Fagen has 
selected to explain play. These are given as 
chapter and section headings for his 
arguments. Since we do not as yet have the 
results of independent tests, these 
arguments carry no more weight than any 
other explanation based on observational 








and experimental studies. Fagen argues v4 


that play is an innate general tendency to 
prepare for later versatility, with possible 
connections to art and science. This view is 


not new. More importantly, it is not — 
implied by evolutionary principles. The — 


fact that it is, of course, unlikely that play ` 
behaviours would occur if they did nothelp — 


with ‘‘fitness’’ and species survival in — 


various ways does not by any means logi- 


cally imply that all types of play must have. 


the same function, or depend on a single 
mechanism. As Fagen is aware, such issues 


require testing rather than rhetoric. The ` 


eventual results of the modelling studies he 
proposes should certainly be of interest. 





_ The book is meant toeducate everybody. — 
There is a lively chapter of descriptions, _ 


mainly of play-fighting, and one giving a 
brief account of some biological principles. 
Non-specialists may find it difficult to 
follow some of the arguments as they dart 
between assumption, assertion, findings 
and interpretation. In addition there are 
overstatements and inaccuracies. 


tables can, in principle, be set up for play 
with various criteria of ‘‘fitness’’. But there 


are methodological difficulties in outcome = 


For 
instance, Fagen shows that cost-benefit 


studies that are passed over rather too © 


lightly. The relaxed ‘‘play-face’’, which isa 
signal for social play in many species, is 
sometimes observed in solitary object and 
locomotor play. Fagen treats this as 
important evidence for the unity of play; 


but the observations are quite insufficient. if 
to decide whether the ‘‘play-face”’ in that 


case acts potentially even as a sign for 
others, let alone that it has the same 
signalling function as in social play. 
Piaget’s theory is outdated; but to state 
that it considers play merely an epipheno- 
menon is rather a howler. 

In all, there is an air of haste and of 


conducting a jihad which does a disservice | 


to scholarship and to the subject. Never- ` 


theless, students who already know some- 


thing about the subject should find the — 


< book cheney a 


Susanna Millar is a j Research Officer in the cs 


Department of Ere imerial Psychology at the ; 














The fall of the French franc on Sunday, which brings its 
devaluation against the German mark to something like 20 per 
“¢ent in the past 12 months, may concentrate the attention of 
-French parliamentarians wonderfully next week ona key point of 
_ the new research law, which is to be debated in the Assembly on 
Monday: its cost. 
















a: The loi d'orientation et de programmation for research and 
_ dev lopment i is intended to be the principal instrument of the 
. minister of state for research and technology, M. Jean-Pierre 
$ evènement. Almost everything hangs upon it: the restructuring 
of organizations.such as the Centre National de la Recherche 
ifique, their stronger linkage with the economy, 
fications in contracts of employment and — not least — the 
outline of a four-year budget. Under the terms of the bill, the 
government civil research and development budget, effectively 
< Chevènement’ s budget, would grow in real terms by 17.8 per cent 
-per year on the average as part of a strategy to bring total research 
development expenditure in France to 2.5 per cent of Gross 
Product by 1985. All basic research is guaranteed at least 
ent but high ‘technological priorities (including 
logy) would get increases. of more than the 17.8 per 
absolute size of these annual increases is staggering — 
irt of one National Science Foundation each year. 

ibitious plan was conceived in the early dreamier days of 











e Assembly, it is doubtful whether they will be faithfully 
_reflected in the 1983 budget, presently subject to horse-trading in 
the council of ministers. The problem is the. sed French 
budget. The government planned a deficit of FF95,000 million in 
182, but the latest projections give a deficit of Prins. ,000 million 
largely because the French economy has not begun to grow at the 
expected rate of 3 per cent a year, so that tax returns are not 
_ covering expenditure. Moreover, increased social welfare benefits 
_and the raising of the minimum wage have pushed up consumer 
spending | but French industry has not been ready to respond, so 
a that consumers have spent their money on imports instead. The 
government, alerted to thë problem, has followed a well-trodden 
_pathinFranceand elsewhere in Western Europe and has imposed 
a classic squeeze: a four-month freeze on prices and incomes, 
combined with devaluation. So whither to grand plan now? 
President Francois Mitterrand, speaking only a few days before 
the squeeze was announced —- no doubt to prepare the ground — 
-appeared to be phlegmatic. ‘“We follow the same. politics” he 
said. We are just in its second phase.’’ His government’s chief 
“economic objective has been to .reconquer the home market. In 
1974, 24 per cent of French consumer spending went on imports, 
“but the proportion had risen to 35 per cent by 1981. Part of the 
-government’s strategy has been priority for investment in 
uonalized industry (Mitterrand promised FF25,000 million in 
983) and for industrial innovation. But so far the President has 
‘aint d from mertionins a ae for testai for 1983. 


















ld mean ap ea The bill has in any case been badly 
: he Senate, sO that it will be for a omi 
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Cloud over French science plan 


The French minister for research and technology’s plan for future expansion may be delayed by 
the parliamentary process. But there is in any case a need to think about it more carefully. 


resent government. Even if the figures are agreed next week 


jigsaw puzzle. H the job cannot be done before 1 July, the bill will 
have to wait until the winter. 

The moral in this potentially disappointing tale is general and 
not specific. The present government of France was elected just a 
year ago on an optimistic programme of reform and renewal. 
Neither President Mitterrand nor M. Chevénement has exactly 
echoed Mr (now Sir) Harold Wilson’s British pre-election speech 
of 1963 about the social benefits of ‘‘white-hot technology’’, but 
they have both been edging in that direction. The promise is valid, 
but the performance cannot be guaranteed. This is why the British 
experience in the 1960s should be studied in France. After the 1964 
election, money was indeed thrown at a variety of technical - 
projects but without much lasting effect. (An aluminium smelter. 
built at that time in the Scottish Highlands was shut down only a 
few weeks ago, the predicted victim of the arithmetic of- 


economics but a social catastrophe nonetheless.) In the end, the 


inflationary consequences of over-optimism precipitated the _ 
stagnation of the British science budget which has persisted ever — 


since (Mr Edward Heath’s intervening essay in what is now called 


Reaganomics notwithstanding). This is why other Europeans are — 
distrustful of what the French have embarked on in the past year. . 
The objective of spending more on research and development is 
entirely admirable, but nothing will be achieved if the bills have to. 
be paid by printing money. For then it will be recognized that . 
public expenditure on research and development is politically 

discretionary, and the tap will be turned off. | 


Mr X, ie next director’ of the US S National 
Science Foundation, could spell trouble. 


President Ronald Reagan has an unexpected opportunity for 
putting his own mark on the conduct of US science with the resig- 
nation of the director of the National Science Foundation (NSF), 
John B. Slaughter, whom President Carter appointed in 1980. 
Slaughter is ending his six-year term of office early, he says, only 
because he cannot resist an offer to become chancellor of the 
University of Maryland at College Park, the large state school 
with a high-quality science and engineering faculty, One of his 
aims is to integrate the university, which has always been an also- 
ran to its famous neighbour, Johns Hopkins University, more 
into the intellectual! life of the Washington area. Slaughter says he 
also wants to attract top quality black students from the region to 
the university, instead of letting them be lured to other institu- 
tions elsewhere in the country. This ambition is understandable. 
Slaughter is one of the few black scientist-administrators in the 
United States, and one whose rapid rise has never been tainted 
with tokenism. (He was an assistant director of NSF, then vice-- 
president and provost of the University of Washington before 
returning to NSF as director.) But another motive for his decision 
is the need to pay for his children’s college education, and the 
Maryland job offers not only a pay rise but a free house. Similar 





reasons were given by another competent Administration figure, _ | 


Admiral Bobby Inman, when he announced he would leave as 
deputy director of the Central Intelligence Agency, saying he. 
would neve to TAKE a job in business. Must we Coes that the 
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cost of college tuition is now so high that only business executives 
and university presidents can afford it? 

Slaughter denies that being a Democratic appointee in the midst 
of the Republican Administration has caused problems, or that 
there is some particular disagreement behind his decision to leave. 
(The resignation is effective from 31 December.) This denial must 
be taken with a pinch of salt: the Administration has slashed 
NSF’s science education programmes, particularly close to 
Slaughter’s heart. But it is also true that he worked closely with 
the incoming Republican team to prevent NSF from being the 
target of serious cuts in the hard sciences. Is this why NSF has not 
been the butt of the broadsides of Dr Jay Keyworth, the 
President’s science adviser, against the uselessness of the national 
laboratories or of planetary science? 

In his brief term at NSF, Slaughter has made some important 
changes, along the lines of his early much publicized call to have 
NSF sponsor more applied research. He established a directorate 
of engineering, co-equal with the other directorates that run 
NSF’s basic research. The new directorate, a combination of 
scattered programmes and some new things, now commands 
some 10 per cent of NSF’s annual budget of approximately $1,000 
million. Slaughter has and the National Science Board had a hard 
job persuading the basic research community to support the 
engineering directorate. At first, he says, they were “‘agnostic”’ 
about it (read ‘‘unenthusiastic’’). Basic researchers in the hard 
sciences tend to regard NSF as their exclusive patron and his- 
torically have resisted its forays into public policy, engineering, 
social sciences and other matters. It is unfortunate, therefore, that 
Slaughter will not be around to follow through on the move. Past 
attempts to integrate engineering into the basic research agency 
have been conspicuously unsuccessful. Unless vigorously and 
carefully promoted, Slaughter’s new directorate could yet 
founder. Presumably the job of promoting the engineering 
directorate will fall to Donald N. Langenberg, NSF deputy 
director, who had the job before Slaughter arrived. 

Slaughter has also, with the help of the National Academy of 
Sciences, established a commission to develop a national policy 
on science and engineering education, especially urgent in the 
present crisis in technical education in US elementary and 
secondary schools (see Nature 6 May, p.9). Congress may yet give 
the commission funds to develop and implement a national plan. 
Slaughter says that the establishment of the commission is his 
single most important act as director of NSF. One of his merits is 
that these changes have been undertaken carefully, in 
consultation with NSF’s traditional constituency, basic 
researchers in the hard sciences. 

Mr X, the highly political candidate whom President Reagan 
might appoint to succeed Slaughter, could be a very different 
animal. Reagan is midway through his term of office, and is under 
fire from his original supporters, the extreme conservatives. If, to 
placate them, he appoints somebody (probably an industrialist) 
with fixed and preconceived views about the absolute merits of 
private enterprise, the result could be disaster. Mr X might well 
urge that NSF should get out of education policy and social 
sciences (both hotbeds of liberalism in the extreme conservative 
view) and no longer give seed money to small businesses doing 
basic research. NSF could finish up by being stripped down to its 
core mission — sponsoring basic research in universities — while 
its other more tentative but important roles, such as its recent 
brokerage in university-industry partnerships, vanish. 

The effect of such a Mr X on the academic science community 
in the United States is easy to foretell. As a group, academic 
scientists tend to be paranoid about Washington’s designs on 
their grant monies, and Mr X would strengthen their fears. The 
community would then pull back from its tentative experiments 
with industry, its unwilling acceptance, as Slaughter says, that 
“engineering is also important to the nation’’, and retreat to its 
ideological trenches. So it is to be hoped that Mr X will remain just 
what he is, a figment of the imagination, a hypothetical second- 
rater, whose curriculum vitae may be pressed on the President but 
whom the President will wisely decide not to appoint to the job 
Slaughter is vacating. 
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Nuclear plant and prices 
The new chairman of the British electricity industry has 
a chance to make sense of the nuclear industry. 


Dr Walter Marshall, chairman of the United Kingdom Atomic 
Energy Authority for the past year, is clearly once again the 5 
British government’s favourite scientist. Last weekend he was 
made a knight, that peculiarly British public honour which 
requires that those whom he hardly knows should address him by 

his first name. A week before that, he was appointed chairman of 
the Central Electricity Generating Board, the principal owner of 
commercial nuclear power stations in the United Kingdom and 
the most likely source of further orders for nuclear plant. Much 
has plainly changed since 1978, when Marshall as chief scientist at 

the Department of Energy was for all practical purposes fired by 

his minister, Mr Tony Benn. 

The most obvious change is the change of government (in 
1979). But it is also clear that Marshall, whose reputation was 
previously that of a talented theoretical physicist who had sÁ 
succeeded by deftness and ebullience in carrying the Harwell 
establishment through hard times in the early 1970s, has used the 
interval to good effect. His most conspicuous success in the past 
year has been to persuade the engineers who will be working for 





him from 1 July that it is possible to build pressurized-water 
reactors in Britain at less than twice the cost that obtains 
elsewhere. The absorbing question now is what Marshall’s arrival 
at the generating board will mean for the British nuclear industry. 

The precedents are not uniformly encouraging. Sir Christopher 
(now Lord) Hinton, who built the first dozen or so nuclear 
reactors in Britain as well as the separation plant at Windscale 
(now called Sellafield) maddened his ex-colleagues when, as 
chairman of the generating board, he insisted that the only 
significant difference between nuclear electricity and other kinds 
of electricity is the relative cost. Logically, that view is 
unshakeable, but it does not thereby follow that the customers 
(especially monopoly customers) for nuclear plant are without 
influence on the costs that they must pay. For too much of the past 
two decades, the generating board has been too passive a 
customer for nuclear plant, looking to the government to be told 
when to build reactors, putting up compliantly with the publicly 
created suppliers’ monopoly (called the National Nuclear 
Corporation) and, more generally, behaving limply. 

Marshall, fortunately, is far from limp. The most likely 
immediate consequence of his translation to the generating board 
is that this huge nationalized industry will become less dull. The 
chance of putting the British nuclear industry on a sound 
commercial footing — or at least of telling conclusively whether » 
such a goal is feasible — is higher now than ever. But in the end 
what matters is that there should be an asssured supply of 
electricity at the lowest possible cost. Nuclear power undoubtedly 
has an important part to play, but so too does the elimination of 
high cost (oil-fired) and excess capacity from the board’s network 
of generating plant. Pure reason, alas, is not sufficient. 
Marshall's imaginativeness will help. So too will his capacity to 
make even those whom he has talked down think well of him. 
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Washington 
.. For the second time in as many months, 
the Reagan Administration is being 
accused of injecting politics into the 
selection of scientists for independent 
_» advisory panels. According to an official at 
the Food and Drug Administration (FDA), 
appointment authority over its scientific 
are panel is: Pa nA laras taken 







: Earlier this year, the Department of 
$ Agriculture admitted that it had been 
running security checks and ‘‘political’’ 
checks on scientists nominated for peer- 
panels to evaluate proposals for its 


titive grants programme but the 
checks have since been dropped. 


erious. Although the secretary of 
has always had authority to appoint 
> advisory panels at FDA, that function 
s traditionally been delegated to FDA 
o tself. One FDA official said that although 
= -HHS has given general directions on the 
<- numerical balance of the committees; 
approval by HHS was generally a 
rmality. 

Over the past several months, however, 

as rewritten the panels’ charters as 
e up for renewal, retracting 
delegated control over them. 

ough FDA is still being asked to 
y possible candidates it is also, for 
ie first time, being told to furnish a list of 
lternatives. And the final decisions are 
apparently now being made in the office of 
2 _ HHS secretary Richard S. Schweiker. 

= Of even greater concern to FDA is that 
~ the secretary’s office has begun to offer 
Suggestions of its own. According to a 
< report in the Washington Post last week, 
- which was confirmed by FDA, these sug- 
gestions included a woman psychiatrist 
vho wasa founder of the ‘‘California Pro- 
dfe Council,” an anti-abortion group. 

was suggested by HHS as the consumer 
ntative.on.a panel that evaluates 
ptive and abortion drugs. FDA 
s office that she was 
























‘is ‘still uncertain. 
Post also reported that 
ed a ‘California physician 





















ubles at FDA, however, seem — 


hether FDA’s opinion — 


s according. to x 





listed Dr Loyal Davis — Nancy Reagan’s 
stepfather — as a reference. 

The Department of Health and Human 
Services claims that it is doing nothing 
improper. An HHS official said the 
department is merely continuing the 
centralization of appointment authority 
begun under President Carter. The official 
also denied that the secretary’s office was 
making its own recommendations for 
committee positions, and said it was simply 
passing on to FDA all names that it receives 
from congressmen and senators of both 
parties. 

That interpretation was contradicted by 
an FDA official, who said that while names 
had occasionally been passed on before, 
what was happening now was quite 
different. The official said that HHS was 
coming back with new names after FDA 
had submitted its list of candidates, and 
was specifically asking if these new names 
were qualified for specific positions. Mr 
Garret Cuneo, the HHS official now 


apparently in charge of the selection 


process, refused to comment on the matter. 

The effects of the new appointment 
policy remain to be seen; no obviously 
political appointments have been made so 
far. But even if political manipulation does 
not occur, FDA is worried that the new 





Washington 

In response to rumour that the US 
Army and Navy are seeking to develop 
“‘defensive biological weapons systems” 
using recombinant DNA techniques, two 
American biomedical scientists have called 
on the National Institutes of Health (NIH) 
specifically to prohibit such work. 

Dr Richard Goldstein of Harvard 
Medical School and Dr Richard Novick of 
the Public Health Research Institute of 
New York City are proposing an amend- 
ment to the NIH recombinant DNA guide- 
lines to ban ‘‘the construction of biological 
weapons by molecular cloning’’. The pro- 
posal will be considered at the next meeting 
of the Recombinant DNA Advisory Com- 
mittee on 28 June. 

According to Dr Goldstein, several 
scientists have recently been approached by 
the military about the possibility of using 
cloning techniques to produce biological 
warfare agents. The United States signed 
the 1982 Biological Weapons Convention, 
agreeing ‘‘never in any circumstances to 
develop, produce for] stockpile’ bio- 
logical agents for other than peaceful pur- 


poses. But Dr Goldstein says the military 


apparently interprets this as not covering 
the development in the laboratory of suit- 
able organisms for ‘‘defensive’? — by 


which is meant deterrent — purposes. 


_Ina statement describing their proposed 


FDA scientists, was apparently that he 


NIH urged to act on germ war 









procedures will make putting together an 
advisory panel even harder. The aim in thé.. 
past has been to get not only leading 
scientists in a range of specialities, but also 
to have different geographical regions and >. 
women and minorities represented on each 
panel. FDA officials wonder how these > 
goals can still be met when it is cut out of | 
the process and when it is limited to saying 
whether the HHS candidates are qualified. 
or not. 

Meanwhile, at the Department of 
Agriculture, the dust seems to have settled, 
According to the office of Agriculture 
Secretary John R. Block, the decision to- 
run political checks on scientists. 
nominated for peer-review panels was- 
really the result of a misunderstanding, 
Political checks are normally run on policy 
advisers; last autumn, the Office of 
Management. and Budget ordered the 
department to bring the peer-review panels 
under the same federal act that governs 
policy panels. Agriculture department 
officials then assumed that political checks 
would have to be run for them as well. | 

After disclosure of the political checks. 
on scientists, Block ordered them to be 
stopped. The scientists who had not yet 
been cleared by Block’s office were then all 
approved at once. Block’s office maintains, 
however, that none of the information 























































amendment, the scientists. argue that “the. 
use of molecular cloning for the deliberate. 
construction of biological weapons is, 7 
se, the most serious biohazard i imagina 
for this technology”, and that “if 
stitutes an egregious misuse of scie 
knowledge’’. 

Although the NIH guidelines stricth 
apply only to researchers working under 
NIH grants, the Defense Department hasi 
so far agreed to follow them. But the 
amendment’s sponsors say that even if 
their proposed ban is not binding on mili- 
tary research, it would “provide automatic 
public support for a refusal of the scientific © 
community to participate in the develop- — 
ment of biological weapons and it may: 
convince governments that the 1982- 
prohibition should be construed as 
applying to laboratory research”. | 

Under the recent relaxation of the DNA... 
guidelines (see Nature 29 April, p.793), the 
previous ban on cloning of toxin genes and © 
on release of recombinant organisms into- 
the environment was lifted, although 
permission from NIH is required before” 
proceeding with either. The amendment. 
would restore the ban in these two areas 
when the aim is construction of biologic 
warfare agents, and extend it to previous 
unregulated activities such as the cloning: 
viruses for this purpose. , 
Stephen Budian 
































< The department will 
nominees’ names. through an FBI security 
‘heck which it calls ‘‘routine’’, although 
“neither the National Institutes of Health 
“nor the National Science Foundation 
: follows this practice. 

Professor Joe Key of the University of 
Georgia, a director of the competitive 
grants programme under President Carter, 
wonders if the checks were an attempt to 
cause trouble for the four-year-old 
programme, which is still small and fragile 
and viewed with some suspicion elsewhere 
in the department. The bulk of agricultural 
research (some $1,500 million a year, of 
which $15 million is for competitive grants) 
‘is funded through land-grant colleges and 
state experimental stations, which receive 
government funds according to an 
automatic allocation formula. This latest 
incident did little to help the competitive 
‘programme’s vulnerable position. 

Stephen Budiansky 





-= West German environmentalists 


‘Greens’ delight 
Heidelberg 
< The Hamburg elections on 6 June have 
Jeft the environmentalist ‘‘green’” party in 
‘a powerful position. While the conserva- 
tive Christian Democratic Union (CDU) 
won one more seat in the Hamburg Senate 
than the Social Democrats (SPD), the 
greens (Griin-Alternativ-Liste) won nine 
seats and now hold the balance of power. 
In Hamburg, CDU leader Walther 
Leisler Kiet is now trying to form a non- 
party “‘citizens’ senate”. If he fails, Mayor 
Klaus von Dohnanyi of SPD will have to 
ask the greens for their support. The greens 
have set their faces against coalition and 
have said that they will cooperate only on 
strict conditions, including Hamburg’s 
abandonment of nuclear power. 
= The aftershocks of the Hamburg 
election continue to reverberate in all 
political strata in West Germany. The per- 
sonal intervention of Chancellor Helmut 
Schmidt and Foreign. Minister Hans 
Dietrich Genscher failed to turn the tide in 
< favour of the Social Democrats, while the 
‘Free Democrats, the lesser partner with the 
Social Democrats in the Bonn coalition, 
again failed narrowly to reach the 5 per cent 
threshold necessary to qualify for a seat. 
The polarized vote in Hamburg reflects 
~ the shakiness of the Bonn coalition as well 
cas the strength of the green-left. If the 
= Social Democrats lose only one more 
Land, the Christian Democrats will havea 
“clear two-thirds majority in the Bundesrat 
and could block all government legislation. 
Rumours are now rife that the Free Demo- 
crats will leave the coalition after the Hesse 
election on 26 September, perhaps joining 
with the Christian Democrats. The 
deepening green intrusion into West 
German politics is at least partly 
responsible. 
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ontinue to run 









acpniptione ol the established social 
industrial system is proving hard for even 
the Social Democrats to meet. They are 
concerned that ‘‘integrating”’ green issues 
would further alienate the traditional 
working class base without necessarily 
keeping ecologically-minded young voters. 
Indeed, there are wide differences between 
the Social Democrats and the greens except 
on individual issues such as the Rhine- 
Danube canal or the protection of wildlife. 

The central goals of the greens are the 
realization, by means of a social welfare 
state, of the recommendations of Global 
2000 and of disarmament. They call, for 
example, for radical change to a no-growth 
society, the use of alternative technologies 
and energy sources, conservation, 
economy and peace. They oppose the 
“compromise politics’? of the Social 
Democrats. 3 

Voters are mainly young and well 
educated and the focus is often local: 
cauliflower cancers of eels from the 
polluted Elbe and the discovery of tonnes 
of nerve gas in.a ramshackle chemical 
factory near the city centre were important 
at Hamburg. The parties are autonomous 
at every level, so that there are no declared 
leaders and the small new national party 
controls neither the policies nor the 
attitudes towards coalition of the Länder 
parties. To ensure the five per cent vote, the 
Lander-Griinen have often joined with 
other groups, some of whom have made 
uncomfortable allies. 

Their anarchic demands for Rousseau- 
esque self-determination, their use of 
violence and frequent threats to make West 
Germany ungoyernable if minority 
demands are not met raise spectres of the 
Weimar Republic. 

In September, the Hessen greens will go 
it alone, campaigning especially against the 
extension of Frankfurt Airport and plans 
for four local reprocessing plants for 
atomic waste. They expect a 10 per cent 
vote, a Christian Democrat parliament and 
a defeat for the Social/Free Democrat 
alliance that would indeed have national 
repercussions. Sarah Tooze 


European science policy 


Give and take 


Brussels 

The second oe on European science 
policy by Crest, the Committee on 
Scientific and Technical Research, tells the 
familiar story of how, after 15 years of 
trying to bridge the technology gap with the 
United States, Europe still lags behind in 
the latest technologies. Of the million or 
more European scientists — representing 


20 per cent of the world’s total — 350,000 


are researchers, and science in Europe cost 
$35,000 million in 1980. The new report, 


” Energy eisai. “which since 1974 has 
been a priority, accounted for a smaller 
share of the research and development | 
budget at 11 per cent in 1980 than in either*+ 
the United States (12 per cent) or Japan (25 
per cent). Nuclear (fission) research has 
seen its importance slump, particularly in 
West Germany and France. 

Allocations to industry research grew by 
15 per cent a year in the Community as. a 
whole between 1978 and 1980 but are 
thought to have returned to pre-1974 levels 
only last year. The increase has been 
marked in Italy and the United Kingdom, 
but UK spending is still below the 1974 
level. 

Space research, where international,4 
cooperation is at its most developed in 





Europe, shows France and West Germany 


sharing more than two-thirds of the. 


"spending, worth $860 million in 1980. 







Curiously Italy and Belgium, recent years 
have contributed the greatest proportionof = 
their budgets to space research. ee 
Agricultural research turns out to play 
the biggest role in the smaller member. 
states. In Ireland and Greece a quarter of | 
public research and development money 
goes on agriculture, which is equivalent to 
only 3.7 per cent of the EEC’s total 
spending. Agriculture i is. also important in 
Denmark and the Netherlands which spent 








$3.7 and $6.8 per head Secu 


compared with an EEC average of $2.7, 
and $3.1 in the United Kingdom. Italy’ s 
outlay seems small at $0.9 per inhabitant, 
considering agriculture’ $ social and 
economic importance in the country, 
International cooperation is stilt 
important but its share of public budgets. : 
has fallen by as much as 25 per cent since 
1978, Between 1974 and 1978 it was con- 
stant at 10 per cent but now there are wide 
differences among the member states. 
Britain’s contribution, for example, has, 
increased by 25 per cent since 1970. E 
The ten members of the EEC also differ 
in the response of their companies to the 
technological challenge. The role of the 
state in industrial research is greatest in the 
United Kingdom (30 per cent), France (22 
per cent) and West Germany (20 per centi 
but less than 10 per cent in the rest. 
Measuring research in companies as- the 
proportion of expenditure on research and | 
development to the value added of the 
manufacturing puts British companies: 
first. The proportion. of research. 
expenditure is 4.7 per cent followed by 
West German companies (3.9 per cent), 
French companies (3.5 per cent) and Dutch 
companies (3.3 per cent); in the United ¥ 


States though, the average is 5.7 per cent.: 
But 
expenditure and companies’ own funds is- 


if a distinction - between sable. 





made, the picture changes. US companies ` 
spend the most (3.8 per cent) followed by 


| . _ the Japanese (3.4 per cent). 
which has still to be published, goes beyond — - 


`The report, argues. that i many of the 








seit e sac ee while the 
forts of Belgium, Denmark, 
nd Greece amount to as little as 6 
1€ conclusions are being studied 
eparation for the next EEC science 
neil ot ministers on 30 June. 

Jasper Becker 


















Luxembourg in space 


TV plan delay 


a Luxembourg is falling behind in the race 
= to provide the first satellite broadcast for 
Europe. Unresolved wrangles about the 
relative sizes of French, Belgian and West 
AGert nan shareholdings in the projected 
million Luxembourg system have now 
ack the earliest k basibi launch date 









somp up for a year. AB by 
986 the new all-British Unisat, with 
BBC channels, might be aloft. 
Radio Tele-Luxembourg (RTL), the 
ommercial company in charge of all 
roadcasting in Luxembourg, insists that 
satellite] project is amatter of when, not 
ins to beam three channels of films, 
ntertainment. and advertising to a 
e from Benelux to Bavaria, and 
‘south-east England. It knows, 
er, that. this ambition represents a 
ga nble for a small country. RTL, 
se current radio and television pro- 
mmes reach a weekly: audience of 40 
illion in Europe, contributes 5 per cent 
(about £25 million) of the annual income of 
the Luxembourg government. Commercial 
~ broadcasting has been a major source of 
revenue for the 50 years since 
= Luxembourg, accustomed to living on its 
wits, recognized that its central location, 
plus national sovereignty over its 
broadcasting policy, permitted it to send 
Tadio advertisements and popular music 
nto countries whose governments 
ohibited: one or both by their own 
_ broadcasting organizations. It was in 1932 
_that Radio Luxembourg began spoiling the 
determination of Lord Reith, the BBC's 
first. director-general, that the British 
people should have no light radio ènter- 
_tainment on Sunday. 

_ Now, however, with commercial radio 
and television sprouting all over Europe 
_and eroding its audience, RTL must find a 
iew service to sell or see its profits and con- 
f ribution to the national purse atrophy. 
nif its satellite succeeds in pulling in 
s and advertising revenue, the 
yf depreciation of the start-up 
ng to hurt Luxembourg’s 
"in trouble with its first 
nt since the Second World 


















































ot : proceed, however, until it 
nancial structure to 


delay is not to occur. 


St Louis 

The Monsanto Company has awarded 
$23.5 million to the medical school at 
Washington University in St Louis, 
Missouri, for five years of research into 
how proteins and peptides affect cell 
regulation. The grant, announced on 3 
June, approximately doubles the research 
funds from non-federal sources at the 
medical school for that period, and is one 
of the largest from a single company to a 

university. 
Monsanto’s award is an obvious boon 
to the university’s research programme: 
_ two-thirds of the money will go to 
| applied research and one-third to basic 
research. Work will be selected by an 
eight-member committee — four univer- 
sity faculty members and four people 
from Monsanto — headed by Dr David 
M. Kipnis, head of the department of 
internal medicine at the university 
_ medical school. University researchers 
will be at liberty to publish the results of 
; work funded under the grant, but if the 
material contains potentially patentable 
technical developments Monsanto can 
review it, and request a short delay before 
Submission for publication. Monsanto 
will have exclusive rights to any licences 


accommodate the necessary infusion of 
new capital. Although the company is reg- 
istered in Luxembourg and has, by law, a 
majority of Luxembourg nationals on its 
board, its largest shareholder is pre- 
dominantly Belgian. Also, French 
investors, notably in the form of Havas-IP, 

Compteurs Schlumberger and Paribas, are 
in a strong if not controlling position. 

RTL’s problem now is how to introduce a 





big new outside investor — as a group of 
West German publishers (which does not 
include the giants) has offered about £50 
million — without disrupting the delicate 
Franco-Belgian balance of power. The 
French hope to avoid excessive dilution of 
their own influence. But they, and the 
whole board, know that the matter will 
have to be sorted out next month if further 


| Monsanto hands out $23.5 million 








arising from patents on the work, but | 
patents will be the exclusive property of 
the university, which will be able to 
receive royalties from Monsanto licences. 
Royalties will go to the university’s 
research and education programmes — 
not to individual researchers. 

Meanwhile, as many as ‘‘a couple of 
dozen’’ Monsanto scientists may work at | 
the university and some may spend 
several years there. Monsanto’s move 
clearly shows an interest in medical 
products, and Dr Howard.A. Schneider- | 
man, Monsanto’s senior vice-president | 
for research and development, says that | — 
while the company does not now market | EE 
health-care products, it hopes to do so in 
future. - Eoo 

Monsanto launched a $1.8 million] 
project with _ Washington University | 
earlier this year. for research using. 
monoclonal antibodies for diagnostic | 
work, The company is also working with | 
Dr Mary-Dell Chilton, of the university : 
biology department, on genetic engi- 
neering in plants. Schneiderman did not, 
however, confirm rumours that a major 
new grant from Monsanto was imminent 
to support Chilton’s research, 

Karen Freeman 



































































Once the go-ahead is given, RTL will 
invite tenders for the system (two satellites 
plus a spare). It will also decide whether to 
devote one of the three television channels 
to broadcasting in English. Any 
deregulatory move by the Hunt committee: 
now inquiring into the expansion of cable: 
television. in Britain would undoubtedly. 
sway the decision. Elsewhere, RTL insists, 
a vast expansion of. cable television iñ 
Europe is not necessary to the success of its. 
plan. It expects half of j its audience to buy a 
rooftop dish to receive its programmes. k 

- Brenda Maddox =- 






Jobs and dutorhation 


US faces facts 


Washington f 

The effect that new electronic tech- 
nology is having on jobs, which has beenan | | 
issue Of intense debate in Europe, is nowa 
cause for concern in the United States. 

A new study by the government's 
General Accounting Office (GAO) sug- 
gests that the recent revolution in elec- 
tronics will be felt not just in manufac- 
turing — the sector most affected so far by 
automation — but also in office and ` 
service jobs. And even within 
manufacturing, the spectrum of fixed — 
automation introduced in the 1950s, and 
the initial applications of robots lately 
have tended to be in tasks that were _ 
considered menial, or monotonous or | 
unsa als; for rauman workers, P pai } 
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of automobile bodies is an example. Now, 
with microprocessors that can be incor- 
porated into virtually every machine, even 
skilled and previously immune occu- 
pations such as tool-and-die making may 
be affected. 

The critical question is the validity of 
what has been a traditional assumption: 
that technological progress brings with it 
more jobs. Several witnesses scheduled to 
testify next week before a House subcom- 
mittee investigating the issue doubt that 
assumption still holds. ‘*We can’t count on 
expansions in the white-collar or service 
areas, which is what saved us in the fifties 
and sixties’, says William Bittle of the 
International Association of Machinists 
and Aerospace Workers. 

An annual employment forecast issued 
by the Bureau of Labor Statistics (BLS)* 
confirms that employment in at least some 
office and service occupations is being hit 
by electronic technology. ‘‘We do see some 
jobs disappearing’’, says Ronald Kutscher, 
assistant commissioner of BLS for 
economic growth and employment pro- 
jections. Key-punch operators, telephone 
operators and virtually all the printing 
trades will be hard-hit, for example. 

The other open question, though, is how 
many jobs will be created by the new tech- 
nologies directly. Workers will be needed 
to build, install, adjust, and repair auto- 
mated equipment. The GAO study found 
virtually no evidence that could answer this 
question, however. 

The trade unions have apparently 
accepted that jobs will be displaced by 
automation. But the critical issue to them is 
whether enough time will be allowed for 
workers to find new positions. In Norway, 
unions have negotiated contracts that set a 
gradual rate for the introduction of new 
technologies. The possibilities of such con- 
tracts being agreed to in the United States 
seem much smaller. A common complaint 
by American trade unions is the tendency 
towards secrecy on the part of management 
and the absence of the sort of cooperation 
and consultation practised in Europe and 
Japan. 

The House subcommittee hearings may 
be a small step towards some government 
action on the problem. Representative 
George Miller, who is holding the hearings, 
has introduced a bill (HR 5820) that would 
provide for vocational retraining of dis- 
placed workers in new occupations created 
by automation. The unions, however, tend 
to dismiss government-supported training 
as a subsidy for industry and an inefficient 
substitute for on-the-job training. More to 
the point may be another concern of 
Miller’s: he points out that the government 
spends nearly $2,000 million a year on 
labour-saving devices. Stephen Budiansky 





“Advances in Automation Prompt Concern Over 
increased U.S. Unemployment (General Accounting 
Office, May 25, 1982). Occupational Outlook Hand- 
book (U.S. Department of Labor Bureau of Labor 
Statistics, April 1982). 
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GM cancer prizes 


Rules to be bent 


Although this year’s General Motors 
Cancer Research Prizes have been duly 
awarded (see below), leaving Dr Howard 
Skipper, Dr Denis Burkitt and Dr Stanley 
Cohen each $100,000 better off, the awards 
committees are clearly running into diffi- 
culties in selecting an annual trio of winners 
while sticking to the rules. Only four years 
after the awards started, the biggest worry 
is that of finding each year someone worthy 
of the prize ‘‘for the most outstanding 
recent contribution to the prevention of 
cancer, including environmental factors’’. 

The rules of the prizes were set in 1978 
when General Motors, disturbed by the 
number of its directors who had become 
victims of cancer, put $2 million (just 
doubled) into a General Motors Cancer 
Research Foundation. The prizes are large 
enough to invite comparison with the 
Nobel awards; the rules, however, differ in 
interesting ways. 

One rule, intended to eliminate 
fortuitousness, is that a prize winner 
should have made more than one major 
discovery. Their discoveries must have 
been made within the previous fifteen years 
unless their importance has been 
recognized only more recently. 

One prize (Kettering) is for diagnosis and 
treatment of cancer, another (Mott) for 
prevention and the third (Sloan) for a con- 
tribution to basic science. Winners are 
chosen by a process that resembles that 
used for the Nobel prizes. From a list of 
25,000 prominent scientists, about 6,000 
each year are asked to nominate candi- 
dates. Three subcommittees, one for each 
prize, first pare the nominations to twelve. 
Last year, they had to sift through 114, 40 
and 91 nominations respectively. By the 
second meeting, each committee member 
has to report on the merits of two of the 
twelve candidates, eight of whom are then 
eliminated. At a final meeting the com- 
mittees rank two of the four remaining 
candidates in order of preference. Finally 
the awards assembly has to decide whether 
to follow the committee’s advice. 

This year the assembly argued whether it 
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should award the Mott prize for preven- 
tion. Nobody seems to have doubted the 
importance of Dr Burkitt’s discovery of the 
childhood cancer that now bears his name 
(Burkitt’s lymphoma) and his perceptive 
suggestion that it is transmissible (it later 
became clear that a virus is involved). Nor 
is it in doubt that he pioneered the chemo- 
therapy of ‘‘his’’ lymphoma. But that was 
all more than fifteen years ago and in any 
case cannot strictly be considered a con- 
tribution to the prevention of cancer. 

Turning a blind eye to those problems, 
the relevant committee and the assembly 
also had to grapple with the question 
whether Dr Burkitt’s advocacy of the 
importance of dietary fibre in the preven- 
tion of cancer, the topic that has most 
occupied him in the past fifteen years, is 
more than a provocative hypothesis. In the 
end, it was not taken into account. 

The choice of Dr Howard Skipper for the 
Kettering prize for diagnosis and treatment 
ran into much less opposition, although 
again the rules have obviously been 
stretched. Skipper is widely acknowledged 
as a pioneer of cancer chemotherapy. For 35 
years he has influenced clinical chemo- 
therapy by extensive studies on animal and 
cell models. His discoveries have influenced 
which drugs are used, in what combinations 
and their dosage and timing. It is, however, 
not easy to point to two major discoveries of 
Skipper’s within the past fifteen years. His 
most recent work bears on the 
understanding of drug resistance in 
tumours. 

Even for the least disputed of this year’s 
prizes — that to Dr Stanley Cohen — an 
elastic interpretation of the rules is evident. 
There is no doubt that he put epidermal 
growth factor on the map and that it is rele- 
vant to cancer research. Cohen’s earlier 
and very important work on nerve growth 
factor is not a contribution to cancer, and 
so the characterization and the biological 
effects of epidermal growth factor have 
had to be considered separate discoveries. 

Perhaps prize rules are made to be 
stretched. Certainly as Robert Burton once 
said: ‘‘No rule is so general, which admits 
not some exception’’. But when the 
exception is the rule it may be time to 
change them. Peter Newmark 


General Motors Cancer Research Prizes 1982: From left to right: Professor Stanley Cohen of the 


department of biochemistry at Vanderbilt University School of Medicine; Dr Howard E. 
Skipper, recently retired president of Southern Research Institute, Birmingham, Alabama; and 
Dr Denis Burkitt, honorary senior research fellow, St Thomas's Hospital, London. 
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| en England, with its green- 
campuses, tall shadowy and 
ingly endless deciduous forests, and 
ntry villages with white church spires 
| against rolling green mountains, used to 


America. But as spring advances in New 
ngland this year, so will the gypsy moth 


the moths will emerge from their pupae and 


Ss begin their destructive predatory march 
_ that now covers most of eleven states from 


wae Maine down to Maryland, munching away 
< attheentire foliage of white, red, black and 
scarlet oaks, and in infested areas of the 
irch trees, the apple trees, American 
s, red maples and even conifers 
ding the common white pine. In areas 
avy infestation, the upper ridges of 
ains become so entirely denuded of 
py and ground cover that they are 
apparently lifeless, reminiscent, 
; ew Haven scientist said last week, 
an experiment that Brookhaven 
National Laboratory ran in the 1950s to see 
what a forest would look like after 
rradiation by nuclear weapons. 
rhe plague of the gypsy moth in the 
States is a genetic experiment run 
869, L. Trouvelot, a French 
jer and naturalist who lived at 27 
Street, Medford, Massachusetts, 
‘ted some gypsy moths from Europe 
Ip found a silkworm industry in New 
gland, then the centre of the textile 
dustry. Some of the eggs were lost, and 
y 1889 they had multiplied enough to 
‘provoke an outbreak in the town of 
‘Medford. The following year the state 
egislature awarded $25,000 for control. 
Things have got worse since. The larvae 
hang on silk threads they have spun, so that 
air currents.can carry them to new trees in 
which to hatch. Prevailing winds 
encouraged the spread through northern 
England. In 1923 the government 
stablished the north-south flowing 
ludson River as a natural ‘‘barrier zone” 
. contain the spread south. The Second 
- World War interrupted control efforts, but 
brought an apparent remedy: DDT. The 
- 1950s saw uncontrolled spraying which 
-checked the infestation in some places, but 
- did not control the spread. In 1958, when 
` DDT was banned, a less effective substitute 
Sevin was introduced and the government 
nally started a research programme to 
ontrol the beasts. 
wach year, the front of infestation moves 
stwards and southwards away from New 
sland. Last year an estimated 13 million 
¿s were defoliated, double the area in 
í sforthe summer of 1982 are 


that is “50 per cent « or more of 
-will be destroyed by gypsy 
atried by vehicles, gypsy moths 
din O Onio, Da Carolina, 


South Carolina, Virginia, West Virginia, 
Wisconsin and Michigan and outbreaks 
have been reported in Salem, Oregon, and 
Santa Barbara, California. New England 
forests are not lumbered extensively any 
more, but as forests in the south and west 
become infested, the economic costs of the 
gypsy moth plague will grow. 

The battle against the gypsy moth has 
been hindered by two things. One is the fact 
that no major industry is affected — thus in 
Maine, for example, the localized 
infestations are less important politically 
than the spruce budworm infestation, 
which has hurt that state’s timber industry 
for some years. A second impediment is 
that the US environmental movement, with 
its power to express issues forcefully, and 
arouse public opinion, has been lukewarm 
to the gypsy moth issue. Many environ- 
mentalists are more concerned about the 
potential toxicity of Sevin, a spray 


commonly used against the gypsy moths, 
than they are about the forest damage per 


se. Moreover, the fact that lesser infes- 
tations do not destroy a forest completely 
and that most of the trees affected are only 
“‘ornamental’’, gives the environmentalists 
grounds to argue that the problem is not so 
urgent. One suspects that they may also 
hesitate to decry the gypsy moth because if 
the plague were indeed extensive is it not 
only a few logical steps to argue that we 
should return to the only known substance 
that combats it — DDT? Many environ- 
mentalists may not want to start down that 
slippery road. 

So far, the gypsy moth story is one of the 
failure of science and technology. As the 
old saying goes, if we can go to the Moon, 


why can’t we beat the gypsy moth? The 


chief microbial pathogen used so far, BT 
(Bacillus thuringiensis), is not nearly as 
effective as DDT: it must be sprayed over a 
large area requiring that an entire neigh- 
bourhood should get together and spray at 
once; if rain or other weather changes 
interrupt the spraying, it does no good. The 
other remedies tried so far have been of 
little effect, partly because, by now, the 
infestation is so severe. Research has 
recently focused on pheromones and other 
specific chemical lures, but the results are 
not yet broadly applicable. 

The biology of the gypsy moth raises 
several interesting biological questions. 
The population dynamics of the gypsy 
moth are not understood, with rises of 
population followed by collapse, perhaps 
because of the weather. The physiology of 
the single American species may throw 
light on its susceptibility to parasites, 
perhaps the best hope for control. The rela- 
tive scarcity of Lymantria species in 
Europe as compared with East Asia 
Suggests that the genus originated in the Far 
East. The hope is that the work now under 
way will suggest a species-specific pesticide 


for a pest that the US Department of 


ted by the 


Upland oaks in New England hea 
gypsy moth. 
Agriculture acknowledges to be uncontrol- -= 
lable. The chemical company that first 
finds a cure will make a fortune. The search 
for parasites effective against gypsy moths 
has now turned to East Asia. . 
The pest also haunts Europe, but 
because the forests are less dominated by. - 
oak and are smaller and more precisely 
managed, it has not become the plague itis 


an the United States. Moreover, in Europe, | 


the parasites that limit the gypsy moth 
population survive the winter whereas, 
when introduced into the United States, 
they die for lack of a suitable winter host. 
China is the only part of the world that. 
has not been thoroughly investigated for. 
parasites that could solve the problem in 
the United States. It is to be hoped, 
therefore, that the Chinese government 


will be as cooperative as possible with the 


teams from the US Department of 
Agriculture which are there now, and plan - 
to go again next year, to investigate gypsy 
moths in China, particularly in allowing 
parasites to be taken out of the country. - 
It is also to be hoped that the Reagan | 
Administration will produce a better 
research policy on the gypsy moth than its - 
parsimony so far suggests. The research 
programme begun by the Department of | 


Agriculture in the 1970s may for practical = 


purposes be abandoned as a consequence 
of the budget.cuts. Aid to affected states on 
research and control, to which the federal 
government used to contribute 43 per cent, 
was cut for the present fiscal year to 12.5 
per cent, although the Administration 
relented three weeks ago, and raised the 
proportion to 25 per cent. But in the 
coming financial year the Department of 
Agriculture will not be allowed to embark 
on any joint programmes with the states, 
although it may continue with some 
research of its own. 

As New Englanders sit on their porches 
this spring, musing on how much the gypsy 
moth will devour of scrub oak or aspen 
trees on the West Coast, they can take some 
morbid pleasure in reminding themselves 
that their President thinks this is a local | 
problem, and that his science adviser, for — 
all his talk about the importance of — 
science’s interface with society, does not 
think the gypsy moth is of any priority. for 
science. Deborah Sh: ) 
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Terc: 
~ Sır — Many,of your readers will have been 
dismayed to learn from Vera Rich’s note 
(Nature 20 May, p.172) that Dr Ryszard 
Herczynski has been arrested in Warsaw for 
passing to two attachés from the US Embassy 
„ materials, damaging to the interests of the 
cte Belish state?2.. Herczynski’s numerous friends 
` sġp this country know him as a vigorous and 
fearless critic of attempts by the authorities in 
Poland to inject political considerations into 
the conduct of scientific and academic affairs. 
That he has been critical of action taken under 
the present martial law, we can be sure; and it 
is probable that the materials alleged to be 
damaging to the interests of the Polish state 
were simply documents expressing such 
criticisms. Nevertheless, he could be sentenced 
‘to between three and five years’ imprisonment 
- {not internment) under martial law, with no 
appeal. This would be a terrible injustice. 
.. Expressions of support for Herczynski from 
-Western scientists may dissuade the Polish 
government from treating him harshly. It 
would be helpful to convey to those concerned 
that the essentially non-political causes 
defended by Herczynski — respect for the 
ruth in scientific and academic matters and 
intenance of the integrity of scientists — 
+ also our causes, and that we do indeed care 
hat happens to him. Quick action is desirable 
ce Herezynski’s trial may be held soon. 
A letter of protest has-been sent to the 
dolish authorities, signed by 25 scientists. 
a A l G.K. BATCHELOR 
Jepartment of Applied Mathematics and 
~~ Theoretical Physics, 
Cambridge, UK 
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Japanese IQ — 
“Sir — Reading Alun Anderson's comments on 
the study of IQ in Japan (Nature 20 May, 
-p.180), the surprising find is not that it has 
“improved with better nutrition, urbanization, 
“improved social conditions and so on, but that 
“under conditions comparable with those in the 
` United States and Europe, it is 10-15 per cent 
higher. If this difference is genuine, I could 
offer an easily testable explanation. 
It is well known that coaching can improve 
IQ results by 5-10 per cent. My conjecture is 
that every Japanese child undergoes a sort of 
coaching when (s)he learns to read and write 
his own language. Apparently it is so complex 
that only by the age of eleven can they be 
regarded as fully literate. Of course, the ideal 
IQ tests are language neutral, but my point is 
that the mastering of a difficult language plays 
< a general IQ boosting role. This hypothesis is 
easily testable: one should compare the IQs of 
-immigrant Japanese groups in the United 
States, say, who are literate in their language 
“and matching groups who are not. Also, if the 
hypothesis is true, other members of the 
Chinese-related cultures should show higher 
_1Q, under similar social and economic 
conditions. . 
Finally, competent linguists could perhaps 
find other languages of comparative 
complexity, the speakers of which could then 
be included in such inter-nation IQ 
comparison. 


~~ 





G. MAGYAR 
Abingdon, Oxon, UK = 
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Sır — I assume that the attack by M. 
Weatherall (Nature 1 April, p.387) on the 
toxicological testing of drugs was designed to 
provoke a response and was not intended to 
celebrate its publication date. 

To propose the substitution of patient 
surveillance for toxicological testing is at first 
sight attractive because it places the emphasis 
firmly on men and women and not rats or 
bacteria. There is, moreover, undoubtedly a 
kernel of truthin some of his concern about 
unthinking and invalid testing, yet in selecting 
genetic toxicology to bear the brunt of his 
criticism he has chosen unwisely. His 
arguments show ignorance of current attitudes 
among thinking toxicologists and regulators. 
Moreover, the effects under consideration are, 
as I shall show, almost completely refractory 
to conventional surveillance. 

Genetic toxicologists aim to detect potential 
mutagens and initiators of carcinogenesis. 
They would not expect that the result ofa 
hacterial mutagenicity test alone could be 
extrapolated directly to man. Properly 
thought-out tests carried out early in the 
development of a drug can give an alert to 
possible problems ahead, problems that may 
be averted by chemical modification or that 
may require specialized tests to be undertaken 
when the drug is first given to humans. It 
would, of course, be verging on the crimina! to 
give young patients with benign disease a drug 
known to be a potent mutagen in a wide 
variety of systems (including whole animal 
tests). Nevertheless, weak mutagens, or those 
active only in certain:rather special situations, 
may well have a clinical future when all 
relevant circumstances have been considered. 
It is here (at the regulatory level) that the 
common sense advocated by Weatherall 
should be seen to operate. 

To argue for surveillance and against testing 
for mutagenicity is particularly inappropriate 
since the deleterious effects of DNA damage 
are in general so long delayed that they would 
fail to be detected. Although sensitive 
techniques are now being developed that 
would enable the presence of DNA damage 
and other markers indicative of DNA damage 
to be detected in treated patients, their use is 
justifiable on economic grounds only where 
mutagenicity tests indicate possible risk. 

Weatherall is right to try to educate the 
public and their regulatory bodies not to 
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expect absolute safety from drugs any more 


safety i 


“first operation on a patient. 








than from surgical operations, but the surgeon E 
introducing a new technique will have spent  ; 
many hours experimenting on animals and will + 
have a fair idea of possible risks before his 

B.A. BRIDGES 
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Back to basics 


Sir — Many American scientists may be 
unconvinced that “Europe leads on 
(nucleotide) sequences’’ as suggested by your 
correspondent Robert Walgate in his article on . 
the European Molecular Biology Laboratory 
(EMBL) computer library of nucleic acid 
sequences (Nature 15 April, p.596). American 
molecular biologists have for several years 
been successfully using several similar data 
banks including the Nucleic Acid Sequence 
Data Base organized by Margaret Dayhoff’s 
group.at Georgetown University Medical 
Center. This sequence library, in addition to 
containing several programs for sequence 
analysis, currently includes 746,000 
nucleotides (compared with the 600,000 : 
reported in your article for the EMBL library). - 
Apart from the issue of nucleotide quantity, - 
the sample entry provided in your article, | 
while perhaps not typical, does not reflect 
favourably on the EMBL library as regards 
quality. The entry gives no indication that the 
MOPC41 kappa gene sequence presented was 
not determined by the authors of the entry 
reference; the sequence was in fact copied by 
them in their paper to compare with a 
sequence of another gene which they had 
determined. In transcribing the MOPC41 
sequence these authors erroneously inserted a 
nucleotide (position 189) which now appears in 
the EMBL sequence. This trivial error 
illustrates the importance of relying on f 
original sources of sequence data, a policy of i 
the Georgetown data base. The correct Eo 
sequence is included in the corresponding 
entry from the Georgetown data base (see 
below) along with the correct primary 
reference (Seidman et al. Nature 280, 370; 
1979). 
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N The Descent of Man and Selection in 
Relation to Sex', Darwin explained how 
-various traits usually found in only one sex 
-such as the peacock’s tail or the deer’s 
_ antlers — might have evolved. He thought 
that such traits resulted from one of two 
selective processes that favour access to 
mates: either selection for weapons used in 
ombat between males, or selection for 
adornments used to attract females (Figs 1, 
). Darwin observed that the adornments 
re most clearly seen in males of species, for 
‘ample, birds of paradise, where females 
se from a group of displaying males. 
Darwin was aware of a difficulty in his 
theory that has never been fully resolved: 
the characters favoured by females often 
appear to hinder the survival of males. 
Why should females choose to mate with 
ose males least likely to be favoured by 
selection? Recent analytical work 
sa model suggested by R.A. 
nd shows how selection can favour 
> mating preferences for characters 
actually lower male viability, even to 
point of driving a population to 
tinction. 
- Fisher* described a simple model for 
emale choice which had a surprising 
utcome — male characters which impair 
urvival could be selected for and 
maintained in a population simply as a 
onsequence of female choice. He con- 
idered species with heritable variation for 
oth a male character, say tail size, and 
„female preference for choosing mates on 
the basis of tail size. If environmental 
_change led natural selection to favour an 
ncrease (or decrease) in male tail size, then, 
ver the generations, male tail size would 
_ change. However, so would female pre- 
“ferences. The important idea here is that 
males with longer tails would tend to be 
„mated by females who prefer longer-tailed 
males. The male offspring of those females 
_ will not only inherit their fathers’ long tails 
_and be favoured by natural selection but 
_ will also inherit their mothers’ preference 
_ genes and pass them on to their daughters, 
_ thus causing an increase in the frequency of 
those preference genes. This genetic 
variance or linkage disequilibrium is a 
result (not an assumption) of Fisher’s 
Modification of male tail size will, 
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Female mate choice __ 
and runaway sexual selection; 


from Paul H. Harvey and Stevan J. Arnold 


therefore, proceed under the influences of 
both natural selection and sexual selection. 
Ultimately a balance between the forces 

of natural and sexual selection might be 
expected to lead to an equilibrium male tail 
size, but Fisher’ argued that ‘as long as 
there is a net advantage in favour of further 
plumage development, there will also be a 
net advantage in favour of giving to it a 
more decided preference”. Fisher termed 
this process ‘runaway selection’ and went 
on to assert that in the absence of ‘‘severe 
counterselection , . . if is easy to see that 
the speed of development will 
increase with time exponentially, or in 
geometric progression” (our italics). He 
suggested that the process might only be 
checked when males had tails so long that 
they would be extremely unlikely to survive 
and females preferring to mate with them 
would be left without a mate. 


Fisher never published a formal population. 
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sizes in the contemporary population i 
rather than males with particular sized 4 
tails. 

There has been a clear need for explicitly 
formulated models that would describe the 
joint evolution of male characters and 
female choice and that would, at the very 
least, specify some conditions under which 
the runaway process does or does not 
operate. In a series of papers published in 
the 1960s and 1970s and summarized ina 
book* published in 1980, O’Donald © 
examined several models which in- 
corporated genetic loci coding for male 
characters and female choice. These two- 
locus diploid systems cannot be treated 

analytically, but computer simulatio 
show that the runaway process we 
occur. However, Fisher “describes 












































genetic model of the runaway process and, since his | 


writing style was never lucid, later workers have 
often chosen to add assumptions to the model. One 
common variant’ claims that the runaway process is 
a consequence of females choosing males on relative 
rather than absolute criteria — for example, from 


one extreme of the distribution of observed male tail 


Fig. 1 (right) Strepsiceros Kudu. One category of sexually 
selected characters confers a direct advantage in male~male 
combat over access to mates. Darwin was aware of 
humerous examples and had no difficulty in explaining 
them. Male weaponry is often more markedly developed 
among polygynous species. Fig. 2 (below) A second 
category of sexually selected characters is particularly 
evident in males of lek species, such as the bird of paradise, 
where females choose from among a group of displaying 
males, The males play no part in defending the nest or 
feeding the young. But why do females appear to choose to 
mate with males whose plumage must be disadvantageous 
in terms of natural selection? 
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and ‘not tall his: laim 4 are validated in 
O'Donald’s population genetic treatment 
of his model — the runaway process does 
not increase at a geometric rate. 
`> Working with a haploid two-locus 
analytical model and diploid two-locus 
simulations, the recent treatments by 
Kirkpatrick® also demonstrate the runaway 
process. But it is evident from 
Kirkpatrick’s treatment that both Fisher 
and O’ Donald were wrong to conclude that 
‘preferences start to evolve only if females 
prefer those male phenotypes that are 
advantageous in natural selection’”>. 
Indeed, female preference genes that 
favour more viable males do not 
necessarily spread through the population, 
and neither do the more viable males! Why 
should this be so? The key to the answer lies 
with Kirkpatrick’s finding that when the 
male trait gene frequency is plotted against 
female choice gene frequency then there is 
a line of genetic equilibria: for every 
frequency of preference there is a 
frequency of the male trait at which the 
system is in equilibrium. There is not a 
single equilibrium point because any 
= Viability loss experienced by long-tailed 
` males can, with some female preference, be 
exactly balanced by a mating advantage. 
When females preferring long-tailed males 
are common in the population then sexual 
selection will maintain a high frequency of 
the long-tailed males. When the preference 
gene is not at fixation, however, a low 
frequency of shorter-tailed males may be 
maintained in the population to service 
those females who prefer mating with 
them. The process is clearly frequency 
‘dependent. 
~ What this means is that when the same 
male fitness and female choice functions 
-are used while initial trait and preference 
frequences are varied then different points 
on the line of equilibria are reached. Once 
populations reach the line there is a 
prospect for additional indeterminate 
evolution — genetic drift can carry small 
populations along the line of equilibria. 
Finally, it is clear from the models that 
females need not choose males on relative 
“ rather than absolute criteria (see above and 
ref. 7) for the male’s tail to evolve to a 
maladaptive size. 

Kirkpatrick’s analysis independently 
followed a treatment of the problem by 
Lande’ which, more realistically, assumed 
that both male traits and female mate 

| preferences are under polygenic control. 
= Lande modelled such a system with male 















we might expect selection to deplete 
heritable variance in both traits, Lande 
points out that this is not necessarily so*; at 
some point depletion by selection will be 
balanced by enrichment of variation by 
mutation and recombination. If we assume 
that variances in male trait and female 









traits and female preferences treated as. 
“normally distributed variables. Although 


preference metrics remain the same — 


AVERAGE FEMALE MATE PREFERENCE 















































AVERAGE MALE CHANAC TER 


Fig. 3 Females chopse mates on the basis of rail 
size. The light lines depict possible trajectories for 
the joint evolution of male tail size and female 
preferences, and the arrows indicate the direction 
taken. (The male tail size that is optimal for 
viability is indicated by the symbol.§.) The 
heavier line connects the equilibrium states a 
which the males tail length and the females 
mating preference cease to undergo ev on 
change (other than by random drift along the 
line). Whether the evolutionary process leads to 
stable or unstable equilibria depends on genetic 
parameters and the strength of viability selection. 


EVOLUTIONARY TRAJECTORIES AND 
| EQUILIBRIA: UNSTABLE, RUNAWAY CASE 





AVERAGE FEMALE MATE PREFERENCE 


AVERAGE MALE CHARACTER 


between generations, but that character 
averages change as consequences of 
natural and sexual selection, then Lande’s 


models also reveal a line of equilibria. For- 
any strength of female preference there is a 
male trait size such that the system is in 


equilibrium. Lande demonstrates the line 
of equilibria in three models assuming 
quite different rules of female choice. 
Again, there is no direct selection on female 
mating preferences, which evolve as a 
genetically correlated response | to selection 
on males. | 


there (although not necessaril y to the same. 
point) and the runaway process ends. — 


3. Trivers, 


4. Halliday, T 





E -FB Z ahasi, A. A theor, Biol. $3. 208 (1978), 
Lande’ S formulation allows a different Ob Piston RA cs Ri 







However, in Lande’s models, evolutionary*¥, 
trajectories may lead away from the line of 
equilibria so that both male trait and — 
female preference can evolve “‘away from - 
the line at a geometrically increasing rate” 
(Fig. 3), as Fisher originally claimed. The 
qualitative conditions for the line of 
equilibria to be unstable are that females 
show much heritable variation in mate 
preference and that there is weak natural — 
selection on the male character. Lande 
points out that his models help to explain- 
why males of closely related species may 
differ in a ‘‘substantially nonadaptive and 
random pattern” while the females aré 
phenotypically similar, and also that ‘‘ran- 







dom genetic drift may be an important.. 





factor promoting speciation by sexu: 
isolation and the evolution of sexual 
dimorphism”. 

The similar conclusions reached by 
models with such dissimilar genetic 
assumptions underscores the generality i x 
the conclusions. Lande’s model, 


particular, is general in terms of- is. i 
assumptions yet clear predictions follow- 






from it?. One other idea based on female 
choosing bizarre males precisely because 
the male traits constitute handicaps to | 
survival!” has gained questionable. 
credence among some ethologists who. 
seem not to understand that population 
geneticists have been unable to model the — 
process successfully. O’ Donald* presents a 
detailed analysis of the topic. % 
The model first sketched by Fisher 6 
years ago'! is only now becomin 
understood and its widespread im 
plications appreciated. There is no reason 
why the runaway process should be> 
restricted to plumage characters — 
vocalizations or pheromone production © 
are other possible candidates. Shortly we 
might expect relevant parameters to be- 
measured and the efficacy of the theory to 
be tested. In any event, the finding that; 
under a variety of circumstances, sexual: 
selection can result in a decline of male. 
viability and thus contribute to population _ 
extinction is an important one for 


Abas. 


evolutionary biology. | E o 
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NS in the forms of hunting 
have always held a peculiar 
ation for archaeologists. In North 
rica, for example, the whole 
axonomy of the ‘Palaeoindian’ cultures 
depends heavily on the elaborate 
patterning in the various forms of stemmed 
and fluted projectile points, whilst in 
oe Europe the same preoccupation can be seen 
in the classification of a wide range of 
industries from the Upper Palaeolithic 
_ period to the Bronze Age. 
_ The tacit assumption underlying these 
udies has always been that the patterning 
resented. in the projectile point forms 
ted in some way the social groupings 
human communities themselves — 
rchaeological ‘cultures’ bore at 
resemblance to the kind of 
cultural groupings which a 
thnographer or anthropologist 
geht ecognize. From the archaeological 
dence alone, of course, any correlations 
f this kind must remain essentially a 
natter of faith, and it is only with the 
ecent surge of interest in ‘ethno- 
aeological’ studies that the prospect of 
ese correlations has emerged. 
most important study to date 
ed by Polly Wiessner, of the Max 
“Institut fiir Humanethnologie, at 
cent annual conference* of the Pre- 
toric Society. For several years Wiessner 
rked among a number of bushman 
roups (collectively known as the ‘San’) 
‘ho still live predominantly by hunting and 
athering in the northern and central parts 
f the Kalahari Desert. Her main aim was 
j; investigate ‘style’ as expressed in the 
aterial culture of these groups, focusing 
icularly on how far stylistic variation in 
ifferent types of artefacts could be 
lated with the various linguistic div- 
and other forms of social groupings 
present bushman communities. The 
halysis was. conducted at several levels, 
ging from variation between individual 
aftsmen, through the successively larger 
‘band’ and ‘band-cluster’ groupings, tothe 
~ level of the three major linguistic divisions 
(the 'kung, G/wi and !xo) which represent 
the most discrete and ancient social 
< divisions within the societies studied. 
__.. From an archaeological perspective, the 
mosti instructive results were obtained from 
A detailed study of the metal-tipped 
_ hunting arrows, which are not only among 
e most highly valued possessions of the 
hmen, but are also still used to secure 
of the daily food supply. Most 
was the discovery that whilst the 
e arrows showed a good deal 
from one hunter to another 
mes between different batches 




















































Fh © Archacology of Hunte r-Ciatherers’ was 
21 March 1982. . 









1 prehistoric artefacts 


decorated with beadwork were largely 





of arrows manufactured by the same 
hunter), it was only at the level of the major 
linguistic grouping that any consistent and 
Statistically significant patterns of 
variation could be observed. Curiously, 
variation at this level was apparent not only 
in relatively minor details of the shapes of 
the arrow points, (for example, the 
convexity of the sides or the precise form of 
the barbs) but also in features that might be 
expected to have a significant effect on the 
function of the arrows. Thus, the arrow- 
heads manufactured by the !kung were 
consistently smaller than those made by the 
other two groups, whilst those produced by 
the !xo had distinctively broader, flatter 
tips. In these features there was no 
detectable overlap in the forms of the 
arrows manufactured by the three groups, 
so individual arrows could easily be 
visually assigned to one group or another. 
Despite these variations, the different 
forms of arrows were used to kill almost 
exactly the same species of game in all the 
societies examined. 

Most archaeologists would probably 
argue that these results conform exactly to 
expectations — that the element of style in 
the form of the arrow points was serving to 
differentiate clearly separate social group- 
ings which would have meaning not only to 
an anthropologist but also to the bushman 
groups themselves. Wiessner clearly 
regards this as one of her most important 
findings, and has referred to this form of 
patterning as ‘emblemic style’, that is, the 
use of stylistic variation as a symbol or 
‘emblem’ which serves to link the 
individual with some specific, clearly 
defined social group. 

One of the most intriguing implications 
of her study, however, is that in certain 
other spheres of material culture, style can 
operate in a totally different way. The 
clearest illustration of this was provided by 
her analysis of the elaborate beadwork 
used by bushman women to decorate 
clothing and other personal possessions. In 
contrast to the clear patterning observed in 
the arrow-point forms, the patterns of 
beadwork showed surprisingly little clear- 
cut variation from one bushman group to 
another, and instead displaved a bewilder- 
ing array of variation in the products of the 
individual women within each group. In 
other words, style in this case was focused 
much more at the personal level, than at the 
level of the local or regional group. 
Wiessner has therefore referred to this 
form of highly individualistic style as 
“expressive style’. 

Wiessner suggests that much of the con- 
trast between the two forms of style can be 
explained in terms of the particular 
functions which the different categories of 

artefacts served in bushman life. The items 





persondi possessions which rarély chan 
hands between individuals and which: 
appeared to play little part in the social 
relationships maintained between different _ 
bushman groups. Arrows, on the other’ 
hand, had a much more dynamic role in 
social life. Not only were arrows frequently. 
exchanged between individual hunters, but 
the forms of the arrows could potentially. 
be used.as a guide to the ownership of killed — 
or wounded game. As Wiessner points out, © 
the ownership of killed game has virtually 
no significance at the level of the individual 
hunter, since the strongly egalitarian ethic : 
of bushman society demands that meat 
from. any animal should be widely dis- 
tributed between members of the local 
residential group. Even at the level of the 
separate bands or band-clusters, the- 
question of ownership is of limited reles 
vance, since most of the bands within each © 
major linguistic group maintain a close 
alliance in economic matters which allows 
relatively free access to the territories (and 
therefore food resources) of other group: 
and which frequently leads to the move 
ment. of individual hunters from one band 
to another. At these levels of organization, — 
therefore, there is little need for any clear 
identification of ownership of killed 
animals, and indeed the uniformity in the 
form of the arrows could be viewed as an ` 
important way of symbolizing and 
reinforcing the economic and social ties 
between the different groups. At the level 
of the linguistic groups, however, social 
divisions are much more sharply defined. 
Social or economic exchanges taking place . 
across these boundaries are generally more 
formalized, and more dependent on a clear. 
recognition of the rights and affiliations of. 
the groups or individuals involved, 
Wiessner suggests that the clear 
differentiation in the arrow forms at this 
level could be important not only | 
economically (by clarifying the ownership ` 
of wounded animals) but also in identifying 
the sources of any aggression or personal 
conflict across group boundaries. The clear 
messages encoded in the forms of the 
arrows thus become an important element 
in the patterns of ‘boundary maintenance’ 
between the societies involved. 

Clearly, the archaeological implications 
of this study need to be treated with 
caution. Bushman societies have under- 
gone radical transformations in recent 
years and it is inevitable that many aspects 
of both bushman life and bushman tech- 
nology are still adjusting to these changes. 
Nevertheless, there are several lessons 
implicit in the bushman data to which the | 
archaeologist should take heed. As a | 
number of authors have recently 
emphasized (for example, Wobst in Univ. 
Michigan Mus. Anthrop., Anthrop. Pap. 
61, 1977; and Hodder in The Spatial: 
Organization of Culture, Duckworth, 
1978), ‘style’ is not a simple univariate’ 
P.A. Mellars is in the Department. of 


Archaeology, University of Combeitise; 
nee Street, Cambridge CB2 3DZ. 































































































































indivi uals: it. can a osale very 
differently in different social contexts, and 
-can lead to a variety of contrasting and 
` interacting patterns in different spheres of 
- material culture. Variations in the forms of 
- hunting weapons may after all provide one 
of the most sensitive indicators of group 
affiliation among prehistoric hunting and 
gathering communities, but to assume that 


Total eclipse of June 
from A.D. Fiala 


Next June 11, nature will provide one of 
her most spectacular sights, a total eclipse 
of the Sun. The eclipse will be of long 
duration and visible from accessible land 
sites where there is every prospect of good 
weather — a favourable combination that 
has not occurred since June 1973 and will 
“notoccur again until July 1991. The path of 
totality will cross land mostly in Indonesia, 
‘but also in Papua New Guinea and a few 
small islands. Maximum duration of 
totality will reach over 5 minutes I5 
seconds, at a point midway between the 
islands of Java and Sulawesi. However, on 
© both islands duration in excess of five 
minutes will occur, with the Sun well up in 
the sky. 

The path of totality will startin the south 
Indian Ocean at sunrise. For the first hour 
the umbra will sweep over water, then fall 
upon Christmas Island. It will then travel 
the Indonesian archipelago, crossing the 
‘centre of Java, the south of Sulawesi and 
the south of New Guinea, with Ujung 
-Pandang and Port Moresby lying nearly on 
the central line (see the map). On Java, 
several large cities lie in the path, including 
Jogjakarta, Surabaya and Semarang. 
Bosscha Observatory, the closest to the 
‘equator of the world’s major obser- 
vatories, will lie outside the path of totality, 
however, and will see only 97 per cent 
partial phase. 

The weather prospects for the eclipse are 
excellent, according to Canadian meteor- 
~~ glogist Jay Anderson (Newsletter of the 
Bull. R. astr, Soc. Can., June 1981). 
a Monsoon conditions give a probability of 
_ clear sky of over 65 per cent on the north- 
. ean coast tof Jë ava rand south-west coast of 






DC 20390. 
RAA 


too ee r. Only by dai v endarttanditie ie 


social mechanisms by which these A 
variations in material culture come into — 


being can we reliably interpret the data 
from the surviving archaeological record. 
It is in this context, of course, that the 
ethnoarchaeological studies carried out by 
Wiessner and others are of central impor- 
tance to the understanding of human 
behaviour in the past. (1 


1983 


Many astronomers and physicists are 
laying provisional plans as, indeed, is the 
Indonesian Government, which is hoping 
to attract tourists to both the eclipse and 
the hundredth anniversary of the eruption 
of Krakatoa that falls at the same time. 
Experiments are being planned to measure 
the size of the Sun, to probe the com- 
position and structure of. the solar 
atmosphere and to look for solar effects on 
the Earth’s atmosphere and on the be- 
haviour of living organisms. 

A collaborative team from the US Naval 
Observatory, the Computer Science 


Corporation, NASA Goddard Space 


Flight. Center and the Astronomical 
Society of Canberra plans to man at least 
one station near each edge of the path, in 
order to measure the solar diameter. This 
procedure has been carried out at many 
eclipses, since the original measurements in 
1715 by Halley. So far, the results indicate 
that there is a variation in the size of the 
Sun, but too few measurements have been 
gathered to distinguish between monotonic 
and pulsating variation. The long duration 
of this eclipse should give the opportunity 
for observing an extraordinarily large 


: The path of totality of the total eclipse of June 1983. 













and. concentration. - 
s at any major eclipse there are 
several airborne observers. NASA’s 
Kuiper Airborne Observatory may be | 
flying along. the track over the Indian’ 
Ocean, using: the Moon as a high- 
resolution image dissectoralong the limbto 
study the limb brightness. variation in sub- 
millimetre wavelengths. ~~ 

On the ground, several US experi- 
menters hope to be present. A team led by 
D. Landman, Institute of Astronomy, 
Hawaii, hopes. to continue spectrophoto- 
metry of the weak emission lines and 
continua of ordinary prominences to pro- 
vide tests of theoretical models. Investi- 
gative teams from Kitt Peak, Sacramento 
Peak and Williams College would like toy 
study in different ways the motion of 
material in the inner corona, while a group 
from lowa State University would study 
the motion of dust inthe outer corona. => 

Turning the Sun ‘off? for several minutes 



































































~ should produce some significant effects in — 


the Earth’s atmosphere in the wake of the — 
eclipse path. At least four teams from the — 


-US are hoping to study these effects. Two 


of them would attempt to refine our know: | 
ledge of the atmospheric turbulence | 
causing shadow bands and another would L 
look for effects of the wake as far away as 
India. Observing teams are also expected 
from Japan and Australia, and quite likely 

from mrn ap ane Canada as Balt i E 








on the eclipse. oe 
This eclipse is the first of three aa 
eclipses to occur in the region over a five- 
year period. Interestingly, the second is... 
also the next total eclipse, on 22-1 
November. 1984, and its path intersects 
with the 1983 eclipse in the Gulf of Papua. — 
However, no experiment has yet been. 
proposed which would make use of this- 
circumstance. The third eclipse will be on 
18 March 1988 over Sumatra and Borneo 
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i he most interesting of the wide 
iety of active experiments! that can be 
irried out to study the tenuous upper 
mosphere and ionosphere are those that 
are ‘accidental’. One such experiment, 
perhaps better termed an ‘experiment of 
opportunity’, is the operation of a rocket 
_ engine at heights above 200 km. The Saturn 
__¥ launching of Skylab on 14 May 1973, 
which halved the total electron content of 
the ionosphere for three hours’, created 
siderable interest in the effects of 
xhaust gases on the ionosphere. 
measurements of an artificially 
ionospheric hole’ were made 
he Atlas-Centaur launch on 20 
ber 1979 of HEAO-C}4. Michael 
y and Jeffrey Baumgardner, of 
lon University, report’ the first results 
he. latest experiment of this type, that 
forthe Atlas-F launch of the NOAA-C 
weather satellite on 23 June 1981. 
Launched from Vandenburg Air Force 
Base, California, at around 03.00 local 
; the rocket engine burned to an 
Je of 434 km, well into the topside 
of the ionosphere. 

è thë rock et exhaust pae contain 





























wW ch are dominan in ‘the Exes 
- molecular ions such as H,0° and 
O*. The rates of the reactions are 
between a hundred and a thousand times 
faster than those which normally occur 
with ambient atmospheric nitrogen and 
oxygen molecules. Thus the atomic ion 
plasma i is rapidly converted to.a molecular 
ion plasma which then recombines quickly 
with ionospheric electrons, removing 
gation and creating the local 
spheric hole. As the rocket proceeds 
the plume of exhaust gases diffuses 
gh the atmosphere, the electron 
content of a column through the F-region, 
oth bottomside and topside, is depleted. 
The dissociative recombination reactions 
_Of the molecular ion plasma, which create 
the hole, produce oxygen atoms in the 
singlet D excited state, As these fall into 
triplet P states, red airglow is emitted, 
primarily at a wavelength of 630 nm. The 
< position where the airglow is emitted is 
determined by the time scale of the 
ffusion of rocket exhaust species through 
e atmosphere. 
€ two important quantities to be 
ed in such experiments are the 
and the total electron content 
. aking alah In the June 1981 
, the TEC was found by 
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measuring the Faraday rotation of the 


plane of polarization of 136 MHz radio 


beacon signals from the ATS-i 
geostationary satellite over the Pacific 
Ocean, the groundsite for such 
observations being chosen such that the ray 
path passed through the rocket’s exhaust 
plume at 350 km altitude. Four minutes 
after launch, the TEC decreased rapidly, 


and reached a steady value some three: 
the TEC was found to- 


minutes later; 
decrease by 1.7 x 10V electrons per m°. 
From the same site narrow-band optical 
observations were made using a low-light 
level image-intensified photographic 
system with a 60° field of view. As the TEC 
decreased, an expanding shell of airglow 
with an intensity of several kiloRayleighs 
was observed; in the horizontal plane, this 
appeared rather like a ‘smoke ring’ with a 
radius of up to about 1,200 km. As the shell 
expanded more, its intensity decreased ona 
time scale of several minutes. 

What can be deduced from such 
observations of the expanding shell of 
rocket exhaust molecules? First, the 
diffusion coefficient can be estimated to be 


oo plants take to 


fram Peter D. Moore 


ir has long been recognized that the 
spreading of salt on roads in Britain during 
the winter is having a progressive influence 
on the vegetation of our roadside verges'. 
A similar problem has been described ftom 
the United States back in 1969, when it was 
estimated that 6x 10° tons of salt were 
applied annually to roads in the northern 
states’. Up to 10° tons are used annually in 
Britain’, and locally this often means that 
salt is being added to the soil of these verges 
at a rate of 3-4 kg m yr (in the United 
States, values of up to 6 kz m? yr! have 
been recorded‘). 

If we compare these figures with those 
obtained from studies of natural salt spray 
on coastal vegetation, such as maritime 
cliff grasslands, then the ecological impact 
of the salt input can be appreciated more 
fully. In his studies of the Lizard peninsula, 
Cornwall, Malloch* determined the annual 
‘salt’? (Na, K, Mg, Ca, C1} deposition in 
rain gauges to be approximately 0.07 kg 
m+ yr, In only one location did he record 
a value as high as 0.86 kg m° yr' of 
sodium, which is approximately equivalent 
to 2.6 kg m? yr! of total salt. The results 
are in keeping with those from sites in. 
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lahter. species. of exhaust gases 
diffusing through an ambient atomic 
oxygen atmosphere, with a temperature of 
1,000K at 350 km altitude. Second 
knowing that the Atlas-F rocket ejects 10? 
H,O molecules per s (about 50 kgs‘), th 
observation that the airglow emission was 
maximal two minutes after the initiation of 
the hole can be interpreted. It is found that i 
14 per cent of the plasma recombinations: 
yield oxygen atoms excited in the singlet D 
state, Also, it is shown that, to first order, 
quenching of the excited oxygen atoms by a 
molecular species is not important. ; 
Further analysis of this and similar 
experiments can be expected in the future, 
and other chemical release experiments are’ 
planned, for example from the Space. 
Shuttle. Even the operation of the Shuttle’s 
engines or the dumping of water produced 
by its fuel cells could lead to interesting 
results. Such active space plasma experi- 
ments conducted in the ionosphere are not- 
only of scientific interest, but also have 
practical significance for various aspects ¢ o! 
radio communications. E 
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the road 


kg m> yri), in Lancashire 2 km from the 
sea® (0.01 kg mv? yr’) and in Cheshire 40 - 
km from the sea® (0.004 kg m yri). It is = 
evident, therefore, that our roadside verges 
are receiving a considerably greater (often. 
by a factor of 50) input of salt than our 
most exposed cliff grasslands, and it is not = 
surprising that the effects of such 
treatment are being increasingly felt. 

The application of salt to soil has a 
strong influence on its structure, and leads 
to clay flocculation and consequent loss of 
aeration. It also, naturally, raises the. 
osmotic potential of the soil water, making 
it difficult for plants which lack phy- 
siologica] adaptation to absorb water. | 
There are two main consequences for the 
vegetation: first, there will be a strong 
selective pressure against those individuals 
within populations that lack the requisit 
adaptations; and second, halophytic, 
maritime plant species. will be able to 
invade these inland habitats. | i 

Relatively little data are available on th 
effects of salt application upon the general 
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m dow grass (Poa pratensis) 1 may su ffer 
more than-red fescue (Festuca rubra), tye 
TASS (Lolium perene) and crested dogstail 
rass (Cynosurus cristatus)'. Selection of 
pecifically adapted genotypes within 
populations is difficult to demonstrate in 
the field, but experimental studies suggest 
-that this will be an active process?. 
= The second consequence — the invasion 
of typically coastal species of plant — is 
= more obvious to the observer and hence has 
been. studied in more detail. In 1976, 
Mathews and Davison’ surveyed the 
Newcastle-upon-Tyne area and found 
several such species (such as Aster 
tripolium, Puccinellia distans, Plantago 
_ maritima and Sueda maritima) on roadside 
< verges as much as 13 km from the sea. The 
salt marsh grass (Puccinellia distans} has 
now been recorded on verges extensively 
throughout northeastern England, in the 
Midlands, East Anglia and Kent!®. Other 
species have not kept up with the rapid 
spread of Puccinellia, though the sea 
plantain (Plantago maritima) and the sea 
spurrey (Spergularia marina) are still 
advancing gradually. The sea aster (Aster 
tripolium), however, appears to have failed 
in its bid for a place in the new saline 
rasslands; seed set has been poor and 
populations are contracting rather than 
expanding. Seed dispersal techniques 
could be the key to success in this invasion. 
_ Puccinellia, Plantago and Spergularia are 
low-growing plants and their seeds could 
 @asily be carried in the mud adhering to 
vehicle tyres, while Aster seeds are 
produced well above the ground and rely 
on wind dispersal. 

A survey of roadside vegetation in 
Norfolk has also recently been conducted 
by Bull., Permanent recording plots were 
setup five years ago and the species present 
recorded annually since then. Both 
extinctions and immigrations have been 
observed during this time and Bull regards 
many of the new immigrants (for example, 
. Polygonum aviculare, Artemisia vulgaris 
and Rumex obtusifolius) as salt tolerant. 
‘The difficulty in interpreting this kind of 
= data is the number of variables involved 
(frequency and time of mowing in 
particular); controlled experimental 
studies are evidently needed. 

: The invasion of our roadside verges by 
_-halophytes is thus proceeding in much the 
way that the ‘railway flora’ developed 
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less conspicuous. lEvuncuons may bei more a ur 
abundant than immigrations, but these are > 
less easily noticed by casual observers, and 
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Seawater under extreme pressure 


from Michael Whitfield 


UNTIL recently, the experimental 
difficulties involved in performing precise 
measurements at high pressures have 
ensured that relatively little information 
was available about the properties of 
seawater and the reactions of its 
constituents in ocean conditions. The 
available information has been scattered 
throughout the literature, uncorrelated 
and accessible only to the cogniscenti, Two 
recent publications!’ indicate that this 
picture is changing rapidly. 

Most experiments are carried out at 
atmospheric temperature and pressure, but 
it is a harsh reality that mean ocean 
conditions lie closer to 4°C and 200 atm, 
and more extreme conditions are not 
uncommon. The pressure generated by the 
overburden of water has a significant 
influence on the density of seawater and 
hence on the stability of the water column 
and the direction and rate of water 
movement. Furthermore, minerals such as 
calcium carbonate and silica, generated in 
surface waters by biological processes, 
become progressively more soluble as they 
settle through the ocean, encountering 
waters at increasing pressures. 
Consequently. the recycling of these 
minerals and the many trace elements 
associated with them is strongly dependent 
on the pressure sensitivity of the 
dissolution reactions. The solubility of 
calcium carbonate in the deep oceans is of 
particular concern since the dissolution of 
this mineral is likely to provide the final 
sink for the excess carbon dioxide currently 
being injected into the atmosphere by the 
combustion of fossil fuels. Another reason 
for growing interest in these measurements 
is the discovery of rich and diverse 
communities of organisms surrounding 
warm hydrothermal oases along the mid- 
oceanic ridges which are subjected to 
pressures of several hundred atmos- 
pheres. 

To appreciate the significance of the 


recent developments one must look first at 


the problem of defining the equation of 
state for seawater, which enables the 
density of seawater to be calculated at a 
particular temperature, pressure and 
salinity. These parameters can be accurately 
measured and the calculated density fields 
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then used to elucidate oceanic circulation 
patterns. 

To establish the new equation of state 
for seawater, techniques were developed 
for the precise measurement of solution 
density over a wide range of temperature | 
and pressure. Density measurements at- 
atmospheric pressure for solutions of 
individual electrolytes found in seawater. 
can be used to estimate the contributions - 
made by the component ions to the. 
solution volume (the ionic molal volumes)... 
Similar measurements made at high | 
pressure provide estimates of the ionic: 
molal compressibility. The influence of- 
pressure on a chemical reaction can be. 
estimated from the accompanying volume 


change — a reaction which produces a 


decrease in volume being favoured by the- 
application of pressure. 

Millero? has taken advantage of recent 
density measurements at atmospheric. 
pressure and at high pressure to compile 
data on ionic molal volumes and com- 
pressibilities over the temperature and- 
pressure range of interest to oceano- 
graphers (0-50°C, I- 1,000 atm). Using this” 
information he has calculated the effect of 
pressure on the. solubility of a range of 






mineral phases (including silica, strontium 


carbonate and calcium carbonate) and 
shown that the calculated values are in- 
good agreement with available 
experimental data. Furthermore, by taking | 
into account the molal compressibilities he ` 
was able to show that, for the minerals he 
considered, there was no need to invoke the 
presence of structurally altered zones at the 
surface of the solid phase to explain the 
observed ‘pressure dependence. However, 
molal volume measurements over a wider- 
temperature and concentration range will 
be needed in order to estimate the effects of | 
pressure on reactions in the geothermal. 
brines produced along saline spreading 
centres on the ocean floor. It is now 
becoming apparent that the reactions 


occurring at these sites may be responsible. 


for fixing the concentration of many 
seawater components, and that the more 
spectacular deep-ocean vents may be- 
mineral deposits whose 
nd ability require further: 
investigation. ei f 






















and E PN Data on ihe 7 
ae nE Sea teau 1980 : 


u NESCO Back grott 
International Enia 

OO {Paris 1981). 

2. Millero fA. Geax 


























ast ten years and more, the 
alth Organization (WHO) has 
y placed its emphasis in the 
orld on primary health care — 
igmatically exemplified by ‘barefoot 
rs’ in villages — rather than on heroic 
hnology and large hospitals'. I think this 
very sensible, as many of the afflictions 
that combine to make life spans in the 
Third World markedly shorter than those 
inthe developed countries can be 
countered by relatively inexpensive and 
_. simple measures; rehydration treatments 
__. for infants with diarrhoea or public health 
practices that help lower parasite burdens 
give better value for each dollar expended 
do CAT scanners, 

designing programmes of primary 
ire, insights into the overall 
nand maintenance of 





















































; This fact has paradoxical aspects, 

o some the ‘flute music’ (Simon 
vin’s phrase) of mathematical 
pidemiology must seem like the most 
aroque manifestation of Western cultural 
mperialism, even less relevant to village 
amedics than is open heart surgery. 

ited partly by the idea that 
ns and practitioners have 
ng things to say to each other in this 
cent Dahlem Conference* 
together ecologists, population 
S; e epidemiologist, veterinarians 








a ‘Overall Popda of biolons of 
nfectious diseases. Taking several 
ackground papers as read, the conferees 
divided into four groups to focus on the 





o inflict. on janira e a of planté iad 
animals. It is, however, much more 
~ difficult. to assess the extent to which 
< diseases are important in regulating such 
_ populations. For instance, in some species 
of wildfowl in North America some 80-90 
per cent of the individuals not shot by 
hunters die of diseases each year, yet it is 
arguable that availability of breeding sites 
ains the primary factor regulating 
ation density. The discussion made it 
at the various causes of deaths are 
disentangle in most vertebrate 
and left the impression that 
chanisms may often depend 












ference on the ‘Population Biology of 
was held in Berlin on 18-19 March 1982. 
published as a hook by: Springer Verlag, 





ithin host populations are 


on the interplay of several factors. Thus in 
those parts of Europe where rabies is now 
endemic in fox populations, the fox density 
may be significantly depressed below the 
disease-free level, which is set by territorial 
considerations; the present densities 
appear to depend on both the disease and 
territory size. 

Holmes advanced the suggestion that 
invertebrate populations may more 
typically be regulated by infectious diseases 
and parasites than are vertebrate ones. 
Although some empirical evidence points 
in this direction, a systematic study is 
lacking. Theory suggests? that host 
populations are more easily regulated by 
infectious diseases if there is little or no 
acquired immunity (typically making the 
regulation of invertebrates, which lack 
such acquired immunity, easier than of 
vertebrates}, and if the intrinsic rate of 
growth of the host population is not too 
large. 

In any assessment of the impact of 
disease on natural populations, Homo 
Sapiens must be considered as a special 
case, This is not out of respect for Bishop 
Wilberforce and his spiritual heirs, but 
because the patterns of explosive growth of 
human populations over the past century 
and more are without parallel elsewhere in 
the animal kingdom. 

Changing life expectancies in human 
populations, particularly over the past two 
centuries in the developed world and since 
World War H in the developing world, are 
almost wholly due to reduced mortality 
from infectious diseases}. Although these 
diminished mortality rates and their 
demographic consequences are clear, the 
relative importance of the contributions 


made to them by better nutrition, 


improved hygiene, medical advances and 
other factors remains the subject of sharp 
and unresolved debate’. 
Transmission 
Many biologists and medical people are 
fascinated by the intricate details that make 
each association between a host species and 
a virus, bacterium, protozoan or helminth 
unique. But underlying this richness and 
peculiarity of detail — which must be kept 
in sight as one moves towards control 
programmes — are some common themes. 
A lot of discussion centred around the 
extent to which R,, the ‘intrinsic 
reproductive rate’ of the parasite’*®, can be 
used to characterize particular host- 
parasite associations. Calculation of R, 
itself involves classifying parasitic 
infections according to their overall 
dynamics rather than their conventional 
taxonomy. For microparasites, which 
broadly are those with high rates of direct 
reproduction in the definitive host (as 
typified by most viral and bacterial, and 
many protozoan, infections), R, is the 
average number of secondary infections 
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diseases 


produced when one infected host is- 
introduced into an uninfected population, | 
For macroparasites, which broadly are“ 
characterized by having no direct” 
reproduction within the definitive host (as 
is typified by most helminth infections), R, 
is the average number of adult offspring : 
established in ‘second. generation’ hosts. 
that one adult parasite produces in an. 
essentially uninfected host-population. In - 
either case, R, depends both on the basic 
biology of the host-parasite interaction, _ 
and on the environmental and social. 
factors that influence transmission rates. 

An accurate estimate of R, for. 
microparasites can be made if "good oe 
serological studies are available. Failing 
this, rough estimates can be made from the 
approximate formula® R, =1+(L/A) 
where L is the average. life ‘span of t 
human or other host, and A the average ag 
at which infections are acquired when th 
disease is endemic. Estimation of R, fo 
macroparasites is more difficult, and. 
involves knowledge of the average parasite 
burdens, of the way in which parasites are. 
distributed within the host populatios ; 
(almost invariably in a clumped or 
‘overdispersed’ manner, rather than 
independently, randomly or uniformly), 
and of the way egg output and adult 
parasite survival depend on the number of | 
parasites in a host. : 

In addition to attempting to estimate R, 
for a selection of microparasites and 
macroparasites, the conferees also 
catalogued some of the difficulties inherent 
in the concept. For one thing, not all | 
infections lend themselves to ready 
classification in this binary scheme. For 
another, some microparasites have two or 
more qualitatively distinct categories of 
host. For example, while typhoid usually 
runs a relatively short course of infection. — 
from which the host either recovers or dies, 

a few hosts (‘Typhoid Marys’) will be 
asymptomatic yet will carry and can 
transmit the infection for a relatively long 
time, possibly even lifelong; it is not 
obvious which is more important in 
transmission, the much larger number of 
much shorter infections, or the small 
number of long and asymptomatic infec- 
tions. Gonorrhoea and some other infec- 
tions may be primarily maintained by a 
core of ‘superspreaders’?"'*. Such = 
refinements can be embraced within the ~~ 
definition of R,, but they complicate its 
estimation. 

Control 

Control is a term often used loosely to ` 
describe any reduction in the incidence of ~ 
an infection. Clearly, eradication of the 
infection is a limiting case. Whatever the — 
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It was Gonads by Molineaux S WHO. 
` Geneva) that the WHO success in the 
> global eradication of smallpox and the 
-- failure in efforts to eradicate malaria from 
large parts of Africa may be partly because 

for smallpox in developing countries R, is ~ 

3.or 4, while for falciparum malaria R, ranges 

from ~ 50 to several hundreds. 

The existence of reasonably safe and 
effective vaccines against many 
microparasitic infections provides the basis 
for attempts at control] or even eradication. 
Again, knowledge of R, can give a rough 

s idea of the prospects for such campaigns. 
> Assuming the vaccine to be 100 per cent 
< effective (which few are), eradication 
<requires that the fraction, p, of the 
_ population protected by vaccination must 
exceed a critical value’? p>1-1/R,. For 
: large R,, this can require a forbiddingly 
h ie ee of the ee to be 









radication much | more difficult thai was 
the case for smallpox with its R, of 3-4. 

For macroparasites, there was dis- 
cussion of the distinction between infection 
- (having one or more parasite) and disease 
- (having a parasite burden sufficiently high 


.- burdens are highly. overdispersed, as they 

~~ usually are, relatively few hosts may carry 

`. burdens high enough to induce illness, even 
though essentially everyone is infected. 

_ There can thus, as emphasized by Warren’? 

and others, be a real distinction between 

‘infection’ and ‘disease’, and it may make 

sense to target control measures against the 

+ heavily infected hosts. 

_ The concept of a ‘breakpoint’, first 
_ introduced by Macdonald!* in his thinking 
about control of schistosomiasis, is an 
_ interesting one for many macroparasitic 
- infections. If the parasite hasa sexual stage 
In the definitive host, as many 

macroparasites do, then there can be two 
alternative stable states for the host- 
parasite association above the threshold at 

R, = 1: if the parasite population is present 

-at densities above the ‘breakpoint’ level, 
>= the chances that female parasites in a given 
host will be mated is high, and the parasite 
. population will be able to realise its 

. Intrinsic reproductive rate and establish 

itself; but if the parasite population. is 

=c anitially at a density below the breakpoint 

a ` level, 
-acquire a mate is low, and the infection will 
die out (even though R, for mated females 
exceeds unity). This notion of a breakpoint 
is obviously attractive. It offers the 














seductive hope that macroparasites could. 


be eradicated by a one-time reduction 
below breakpoint. densities, without the 


environmental « or. social changes that are 









-to produce illness). Especially if parasite 


the chance for a given female to 


parasites, where, 
breakpoint phenomenon, unremitting 
vigilance is necessary for parasites with 


high R,, even after the infection has been | 
eradicated from a region; the basic biology | 
is such that the infection will tend to re- 


establish itself if a few infected individuals 
are introduced. Reviewing recent work on 
this subject!®!’, the conferees sadly 
concluded that such breakpoint densities 
are probably too low to be of practical 
significance (mainly because the patterns 
of parasite clumping in hosts, mentioned 
above, tend to make mated pairs likely even 
at low density). 

Throughout the week, it was often 
observed that many of the infections that 
excite attention in the West are of little 
significance in any global league table of 
diseases. For example, increasing incidence 
of various infections associated with 
homosexuals in large cities is attracting 
considerable attention, yet [as summarized 
for the conferees in Paul Mann’s (Public 
Health Laboratory, Bath) clerihue] 
‘‘Malaria/Is scarier/Than catching 
clap/Froma travelling chap’’. 

Evolution : 
The notion that 


‘successful’ ‘well 


adapted’ parasites are relatively harmless _ 
to their hosts is set forth as the received © 


wisdom in most medical texts, and 
elsewhere. The idea is, at first sight, not 


unreasonable: all else being equal, it is to 


the advantage of both host and parasite for 
the parasite to inflict little damage. 
Moreover, a certain amount of anecdotal 
information supports this view. in his 


background | paper, Allison (System. 


Research, Palo Alto) observed that, for 
example, in regions of Africa where 
trypanosomiasis is endemic, indigenous 
ruminants suffer mild 
insignificant morbidity, while domestic 
ruminants that have been bred for a long 
time in the region suffer more severely, 
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l This contrasts with most other Di 
in the absence of a- 


to be avirulent, 


appear, Since the mid 1960s, the virus: ; 
. appears to have come to an equilibrium 


| England), with the predominant strain of. 


an approximate estimate of the re- 
| transmissibility of the various strains of the 
myxoma. virus??; the nature of this- 
relationship is such that strains with. 
| and. may thus be expected to predominate 
where the evolutionary pressures on the 


infections with | 


them into masses of viral transmission. 


trop. Med. tiyg, $9, 


M. & May, R.M. Parasitoingy {in the press). oe . E 
co We hope rab! a volume: will EER 


in Animal Disease in Relation. yo Anima oo 
Conservation (Symposium Zoological Society, london oF 





suffer virulent in ections which are usua y E 


fatal if untreated. 
From a iheoretiegt: point of view, it 
would indeed appear that parasites evolve 
provided that trans 
missibility and duration of infectiousness 
are entirely independent of virulence. This 
assumption, however, is not generaly- 
valid; the damage inflicted on their hosts by 
most viral, bacterial, protozoan and 
helminth parasites is often directly 
associated: with the production~of = 
transmission stages. Once these com>) 
plications are introduced into the theore- 
tical models!*-*°, it appears that many co- 
evolutionary paths are possible, depending: 
on the details of the interplay between the 
virulence and the transmissibility of the 4 
parasite. we 
Considerable discussion centred around 
one unusually well documented ` 
example*!"?, In the early 1950s, the 
myxoma virus was introduced into rabbit. 
populations in Australia and England. At 
first the disease was highly virulent, but 
over the subsequent decade successively 
less virulent strains of the virus began to: 





























with its rabbit host (in both Australia and 


the virus being one of intermediate 
virulence. These data can be analysed to get 


lationship between the virulence and the. 


intermediate virulence have the largest R; 
There was discussion of other cases: 


parasite may make for its being highly. 


_ virulent. The various baculoviruses, which 


kill their insect hosts and effectively turn 


stages, are one such example that may be 
amenable to an explicit analysis of the 
contending evolutionary forces. oe 

The group concentrating on evolu- : 
tionary aspects of host—parasite < 
interactions thus concluded that, although 
parasite ‘harmlessness’ may characterize 
many old-established associations, neither 
a priori arguments nor empirical evidence. 
points towards. its being a general rule. 
Several interesting questions that seem ripe 
for mathematical or experimental in- 
vestigation were identified, 

In all, most of the participants found the 


conference helpful. both in summarizing 
“where things. stand, and in identifying ba 
‘directions in which we might productively” 
move. Poan Clarke spoke for everyone 
: when he said: 










Jf you're teased: bya a sense of unease, 
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<THE Miocene epoch (25~5.5 Myr) was the period that heralded 
he appearance of mammalian faunas of modern appearance. 
it was also the period that saw the main radiations of the 
oid primates, culminating in forms that share many of 
cteristics of the living apes and man”. The specific 
thin this complex of fossil and living hominoids are 
wever, subjects of much controversy'*, and other than 
jeistocene forms which are obviously related to the 
g orang-utan* and gibbons’, and the Plio-Pleistocene forms 
early hominids from East Africa®’, no fossil hominoid has 
-been convincingly shown to be related uniquely to any of the 
extant hominoids. 
Foremost in this controversy is the postulated hominid affinity 
< of Ramapithecus, a form found now in middle to late Miocene 
deposits in East Africa’®, Turkey’, China’? and Indo- 
Pakistan*’’'*. This phyletic linkage has been much debated 
ind has been both rejected and supported on morphological >! 
and molecular grounds'***. Central to understanding this prob- 
em is: (1) the relationship of the complex of species within the 
” Sivapithecus~Ramapithecus network, and (2) the relationships 
_ among the living hominoids and in particular the status of the 
rang-utan. To a large extent the adaptation and relationship 
of the orang-utan have remained substantial enigmas'*!”"'*, but 
_ they are clearly pivotal to our understanding of ape and 
- hominoid evolution. 
-= Recently, the relationships among the living species of 
-= hominoids have been greatly clarified by macromolecular 
comparisons '*'*'7", Although not yet definitive, these com- 
parisons have provided a new insight into the branching 
"sequence or cladistic relationships of the living apes and the 
-o timing of the divergence between apes and man. This evidence 
will be reviewed here, with particular reference to the relation- 
Ships of the orang-utan with the other hominoids. Changes in 
_ morphology, particularly of the teeth and face, will be correlated 
-With the pattern of relationships thus established. 
As regards the fossils, a new fossil hominoid specimen has 
| recently described which sheds a substantial amount of 
ht on the Sivapithecus-Ramapithecus complex. S. meteai, 
| the late Miocene of Turkey”, shows similarities in mor- 
id a possible phyletic relationship to the living orang- 
meteai clearly shares broad similarities with other 
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The relationships of Sivapithecus and 
Ramapithecus and the 
evolution of the orang-utan 


Peter Andrews’ & J. E. Cronin” 


* Department of Palaeontology, British Museum (Natural History), Cromwell Road, London SW7 5BD, UK 
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le review here the molecular data that bear on and provide a framework for interpreting hominoid 
relationships. Man is shown to be most closely related to chimpanzees and gorillas among extant 
lominoids, with the orang-utan more distantly related to them and the gibbons more distantly still, 
A fossil ape, Sivapithecus meteai, shares several characters with the orang-utan and is thus probably 
related to it. S. meteai is part of the Middle Miocene Sivapithecus-Ramapithecus species complex 
and if this group forms a valid clade then Ramapithecus must also be considered as being mor 
closely related to the orang-utan than to man. The date of divergence of the orang-utan from 
can apes and man is suggested by fossil and molecular evidence to be 10+ 3 Myr ago. 
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Miocene Sivapithecus*® forms, which in turn are closely ¢ 
to Ramapithecus"*. If this linkage is correct then one seg n 
of the hominoid evolutionary tree can be rooted throug 


purely palaeontological approach. 














codex and elucidate- 
macromolecular comparisons. may yield 
sequence and timing of ancient speciation 
approach has long been crit 
controversies concerning phyletic links over a wic 
scale, for example, in the case of taxa such as Aves, h 
Reptilia and Mammalia, particularly Primates. Such co 
parisons are not limited to living forms, as tissue from a froz 
mammoth has supported its close molecular relationship to the: 
modern elephant”, and skin from the recently extinct Tas- 
manian wolf*' has confirmed its affinities with the dasyuroid. 
group of marsupials. l 

With respect to hominoid evolution, substantial genetic data- 
are now available which shed light on the evolution of humans 
and apes. Data from immunodiffusion, microcomplement 
fixation, radioimmunoassay, amino acid sequencing, electro- 
phoresis, nucleic acid hybridization, nucleotide sequence and 
restriction endonuclease mapping, and cytogenetics, have 
shown a fairly consistent pattern of the branching sequence or 
cladistics of the hominoids, and working within this framework 
one can attempt to analyse the rate and nature of morphological 
evolution along the specific lineages. 

The biomolecular evidence (Fig. 1) argues for three clear 
major cladogenic events in hominoid evolution: first, the separ- 
ation of the gibbon lineage from that leading to the great apes = 
and man: second, the subsequent divergence of the orang-utan 
lineage from that linking the African apes and man; and thirdly, 
evidence from molecular comparisons that Homo, Pan (chim- 
panzee) and Gorilla share a substantial lineage before their- 
subsequent divergence. Evidence as to which of the two extant - 
lineages shares a period of common ancestry to the exclusion 
of the third is at present equivocal; evidence exists which favours 
pairing of Pan—Gorilla, Homo-Pan and Homo-Gorilla (in ord 
of greatest preference). The difficulty in determining. 

nce of divergence is primarily a result of extreme 






































































































































Man 
Orang ~utan 
Gibbons 


Old World monkeys 


Fig. 1 A molecular cladogram of the Hominoidea incorporating 
data from immunological studies, electrophoretic analysis, protein 
sequencing, nucleic acid hybridization and restriction endonu- 
clease analysis of mitochondrial DNA. The data are discussed in 
the text and in refs 22 and 23 in more detail. Molecular clock 
“calibration of the various sequences of divergence (as calibrated 
in the text and in refs 15, 22 and 27) are (1) Homo-Pan-Gorilla, 
“S415 Myr ago; (2) Pongo~Homo, Pan, Gorilla, 103 Myr ago; 
- and (3) Hylobates~Pongo, Homo, Pan, Gorilla, 12 +3 Myr ago. 





_orang-utan (Fig. 1). 


comprising the African apes and man. 


“also elucidate the timing of evolutionary events. It has been 


acid and serum protein evolution’* 








Molecular comparisons 


'. Fibrinopeptide sequence (no. of amino acid differences)** 


‘DNA hybridization (% base pair-mismatch)*° J 
DNA hybridization (% base pair mismatch)? 
“Immunological distance (ID units} * 
~~ Immunodiffusion distance: (antigenic. distance 
Electrophoresis: plasma proteins '*?” 

cladistic analysis based on number of electrophoretic 
charge changes at 23 loci? 
genetic distance value based on 23 loci!” 
Mitochondrial DNA comparisons using endonuclease restriction enzyme 
maps of site shared” 


116.23 


given ithe approximate: natur oft 


ineages, in a temporal sense, and of the experimental error 
nherent in the techniques, and so far no data have conclusively 
:monstrated any unique. shared derived molecular changes for 
any pair of the lineages. However, as interesting as this issue 
is, it is not central to the evidence for the common ancestry of 
‘the African apes and man and to the phyletic position of the. 
~ and orang-utan. These all have a diploid number of chromo 
Molecular data demonstrate convincingly the existence of 
“the common lineage leading to the African apes and Homo. — 
_ Along this common lineage (Fig. 1) numerous shared molecular | 
“changes have occurred. These involve derived. amino acid 
“sequence changes in the proteins albumin and transferrin, 
fibrinopeptides, carbonic anhydrase, haemoglobins, myoglobin, | 
changes in mitochondrial DNA restriction sites, 1 5% base pair. 
“substitutions (involving ~10°-10’ base pair mutations) in- 
-nuclear DNA, and at least one locus with electrophoretic charge | 
changes (refs 22, 23; Table 1). Specifically determined events. 
and inferred molecular changes clearly document the existence 
of this lineage, and no molecular data reverse the position of. 
Pongo and Homo shown i in Fig. 1, although some data provide : 
more reliable results than others. The conclusion, therefore, is ` 
that, in so far as the molecular evidence reveals phylogenetic : 
relationships, the orang-utan is removed from unique associ- 
ation with the African apes and is the sister group to the clade - 


In addition to the branching pattern, the molecular data may : 


hypothesized that due to their apparent approximate regularity . 
of change, molecules may serve as an evolutionary clock to 
= date past divergence events'***, and this has been used to. 
suggest that the human and African ape lineages separated as 
recently as 4-6 Myr ago. Calculations based on rates of nucleic 
give dates ranging from. 


-* Homo shares a specific si site with Pongo but others do not, + Pan and Gorilla share a site in common with Pongo but Homo does no <4 
sites with at least one a the. one of Pan or Gonta. aves not with Hone tor a Hyaa 










of the i clock”®, and this: 
agrees with the fossil evidence desc ibed here for the origin of — 
the orang- -utan lineage. Previously, th ssil evidence has” 
appeared to indicate dates of ~15-20 Myr for this event, but 
the data given here suggest that the date should be close to or- 
slightly earlier than 10-11 Myr. Precluding. naive interpreta- . 
tions of the molecular clock”’, these results are quite compatible 
with each other”®*’’, 



















Morphological affinities among the hominoids. 


The evidence from gross morphology generally agrees with. the 
molecular evidence, except that it defines the relationships 
among the extant hominoids less precisely. The evidence must 
be viewed at various levels. First, there is the evidence linking ` 
the hominoids as a monophyletic group through such shared 
derived characters as the presence of a vermiform appendix 
and the loss of the tail. Second, there are the numerous charac- 
ters of the postcranial and axial skeleton which link the great 
apes and man and exclude the gibbons” , particularly, for 
example, the morphology of the wrist’, the structure and | 
development of the shoulder musculature” and the reduced © 
lumbar region of the vertebral column*’. Finally, there are the 
characters that provide evidence of pairing relationships within. 
the great apes and man, and as these are the principal concern 
of this paper these characters will be examined in more detail: 
Evidence exists which previously led to the grouping of the 
great apes as a single group containing the chimpanzee, gorilla 















somes of 48 compared with 46 in man. They have many 
superficial similarities in skull morphology, such as the prog- 
nathism of the face or the enlarged nuchal area of the occiput*’, 
and in their postcranial morphology, particularly in their limb _ 
proportions and shoulder morphology ` which were thought to. 
be functionally adapted to brachiation™. “More recently, most 
of these characters have been shown to be either allometric 
consequences of increased body size”? 3334 or primitive charac- 
ters retained by the living great apes” and therefore havingno ~ 
relevance to the within-group relationships of the living grear oe 
apes. 

There is much stronger evidence linking the African apes 
the chimpanzees and gorillas with each other, to the exclusion _ 
of the orang-utan, including the many anatomical spende E 
ations related to knuckle walking in chimpanzees and gorillas*’, 
and other characters such as the .presence of the frontal 
sinus*”°*, a character which they also share with man. This 
evidence: is in general agreement with the molecular data, and. 
there is little morphological evidence that lends any support to- 
alternative sets of relationships, for example, that.the orang- 
utan is related more closely to gibbons”, that it forms the sister 
group to the group comprising the gibbons, African apes and | 
man’’, or that the orang-utan by contrast is more closely related ` 
to man than are the African apes” a 

The lower face of chimpanzees and gorillas has many points 
of similarity with the human face despite the gross differences _ 
















t alte rn ener ee ce ne 
Table 1 Molecular comparisons among the great apes and Heme 
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Homo-Pöngo Pan! Gorilla-Pongo Homo-Pan-Gorilla 
2 2 i 0 
= | 4.5 E 2.4 l 
»2 - ył i a ae a6 G 
0.349 0.300 0.367 


















Homo shares this number of - 








; Fig. 2 The maxilla of S. meteai showing the lower part of the face. 


“in acial height and the alveolar prognathism. Some of the 
char: jets shared between man, chimpanzees and gorillas are: 
isal aperture is broad; the subnasal plane i 1S truncated and 


. oA square and often broader than high: the inter- 
l distance, i is broad; the infra-orbital foramina are e 


ygomaticomaxillary : suture; ake Pe aohate bone i is usually cur- 
ed and has a pronounced posterior slope; the zygomatic 
oramina (One or two) are small and are situated at or below 
he lower rim of the orbits; and the glabella i is thickened (present 
n some fossil humans although not in modern man), The 
nzee, gorilla and man also share the presence in the 
mall incisive foramina, large and oval-shaped greater 
oramina, and large sphenopalatine fossae. Their teeth 
lly. similar in pattern except for the canines and 
and in particular the upper incisors lack a great size 
cy between I’ and I’. 

of the characters. shared by man, chimpanzees and 
las are present also in the gibbons. Where this is the case 
is presumed that these characters are primitive for the 
lominoidea, both because they are thus present in most extant 
hominoids and also because they are found in the most widely 
separated members of the group. (In other words, they are not 
present in the orang-utan, which separates the clades of gibbons 
and the African apes and man in Fig. 1.) In three of these 
characters, however, gibbons differ from the African apes and 
man, and these must be examined briefly to determine whether 
‘the primitive condition can be identified for them. Gibbons 
_ have a narrower oval-shaped nose, and from a consideration 
__ of other anthropoids, which generally have noses that are higher 
than broad, it seems likely that the primitive pattern for 
_ hominoids is a narrow oval-shaped nose as in gibbons. The 
_ infra-orbital foramina in gibbons are well removed from the 
~-zygomaticomaxillary suture, and again this is the usual condition 
in other anthropoids, thus it seems likely that this is the primitive 
< condition in the hominoids. The condition of the glabella varies 
_ considerably in gibbons, from almost complete absence of 
_ thickening to fairly extensive thickening. This is true also of 
many other anthropoids, and it seems in fact to be size-related, 
_ therefore it is only possible to consider this character to be 
significant if glabellar thickening is either present on a small- 

odied species or absent from a large one. 
‘These characters have been summarized in a list (Table 2) 
hich depicts the primitive condition in the Hominoidea. The 
> characters marked with an asterisk are present in gibbons, 
n thus retain the primitive condition, but not in the African 
and man, which thus share the derived conditions for these 
s: All the other characters are shared between gibbons, 
apes and man, One other character for which the 
evolutionary change is not yet understood concerns 
e of thick or thin enamel on the molars. The gibbons, 
and gorillas have thin enamel and. man has thick 


ind, c on the face of it, thin enamel si seems sto ybe prin 

i oids. Gibbons, chimpanzees and gorillas would th 
have retained the primitive condition while man has develope 
the derived condition with thick enamel. Thick enamel 
however, is a character that is shared with the orang-utan as 
well as with the fossil apes of the Sivapithecus-Ramapithecus 
group, and an understanding of the relationships between these 
two groups is essential to the understanding of human relation- 
ships. 


Relationships of the orang-utan S 
The characters of the orang-utan differ in most respects from _ 


those listed in the previous section. Table 3 shows the characters : 
of the orang-utan which it does and does not share with the 


fossil $. meteai*® (Fig. 2). Other characters which it does not 


share with $. meteai could be added to the list, for example, - a 


the presence of wrinkling on the molar teeth in the orang-utan; 
but the absence of such clearly derived characters in the fossil 
hominoid need not be construed as evidence against an associ- 
ation between it and the orang-utan. Evidence for such an 
association comes from the list of shared characters, all of which 
(except where indicated) are interpreted as derived characters 
uniquely shared between S. meteai and the orang-utan, Where — 
the fossil hominoid lacks the derived characters present in the 
orang-utan, this can be interpreted i in terms of mosaic evolution, 
whereby some characters in an evolving lineage are developed. 
before others. It would be more difficult to explain derived 
characters present in the fossil that are not present now in the. 
orang-utan, but none have been observed. F 
No evidence exists as to whether the characters shared 
between S. meteai and the orang-utan are homologous or not. 
They may have arisen through convergent evolution rather than” 
through common ancestry, but the latter is indicated by several. 
sources. First, the characters shared between the orang-utan 
and S. meteai relate to separate functional complexes of the 
face and dentition. Some of the characters do inter-relate, such- 
as the shape of the nose and the subnasal plane, or the nose: 
and orbit shapes, or even possibly the shape of the nose and- 
the narrow inter-orbital distance, but these characters relate : 
directly neither to the characters of the palatine foramina, no 
to two characters of the dentition, that i is, the large difference 
in size between the central and lateral incisors and the thicknes: 
of enamel on the molar teeth. These combinations of characters 
can be seen as separate functional complexes that sho 
similarities between the orang-utan and S. meteai, and if the 
are all the results of convergence it is difficult to envisage the 
circumstances that would lead to similarities in such disparate. 
sets of characters occurring together in the fossil and extent t 
forms. Si 
Homology rather than convergence is also indicated by the 
metrical study of S. meteai*', in which over a series of eight 
measurements of the palate and lower face, the extant 
hominoids showed a consistent and unified pattern differing 


Table 2 Characters considered likely to be primitive for the Hominoidea 


ary adel pageantry ai: hervryrvarvnanimrmeanere rays ra in nally Aasrarasras 


*Nasal aperture higher than broad, oval-shaped 
Subnasal plane truncated 
Subnasal plane stepped down to floor of nasal cavity 
Orbits as broad as or broader than high 
Inter-orbital distance broad, 
Infra-orbital foramina few in number (<3) 
*Infra-orbital foramina well removed from the zygomaticomaxillary suture 
Zygomatic bone curved and with strong posterior slope 
Zygomatic foramina small 
Zygomatic foramina 1~2 in number 
Zygomatic foramina situated at or below the lower rim of the orbits 
Glabella thickening which may occur on large individuals /species 
Small incisive foramina 
Large, oval-shaped greater palatine foramina 
Upper incisors lacking large size discrepancy 
Thin enamel on molars (see text} 


This list is not exhaustive but concentrates on those characters that are. ekn 
from the fossil record. oy 
* These characters are present in gibbons but not in the African ap: 




















-and by inference are not functionally related. 
=> Even more tenuously, it can be observed that in certain other 


: “respects the face of S. meteai bears strong resemblances to that. 
< of the orang-utan. The size and conformation of the zygomatic. 


- region, for example, are similar in the two hominoids, although 


the degree of similarity is not sufficient to distinguish them. 


_ absolutely from the other hominoids. The great bizygomatic 
“breadth in S. meteai is most similar to the condition in the 


-orang-utan, but it also falls within the range of variation for 
male gorillas*’. The same is true of the relatively great depth. 


-of the zygomatic region and the pronounced premaxillary prog- 


- nathism”’. The deep zygomatic region is combined in $. meteai 
with an estimated face length (nasal height measured from the 
estimated position of nasion*’) that is below the range for the 
gorillas but within the range for the orang-utan. Thus these: 
characters combine to produce a face shape similar to that of 
the orang-utan and different from comparable-sized gorillas. 
However, as the fossil is incomplete, it is not yet possible to: 
juantify these characters adequately and little reliance can be 
laced on them except as support for the evidence given earlier. 
It can be concluded from the morphological evidence given. 

3 ere that the orang-utan possesses a number of derived charac- 
rs not present in the other extant hominoids. This is consistent 
with the molecular evidence discussed in the previous section 
(Fig. 1). We have shown that the suite of characters that distin- 
-_guishes the orang-utan from other hominoids is present also i in 
_a fossil ape, S. meteai, and as it is concluded that these: 
-similarities are probably homologous we have felt justified in- 
-adding the fossil hominoid to the original cladogram to produce 





Fig. 3. 
Sivapithecus indicus from India and Pakistan*’ 


_for the relationship of Sivapithecus with the orang-utan** 


Discussion 


© S. meteai has long been identified as part of the Sivapithecus~ 


Ramapithecus complex”. Simons and Pilbeam” synonymized 





Table 3 Characters shared between the orang-utan and $. meteai 
*Nasal aperture higher than broad, oval-shaped 
Subnasal plane smooth, not truncated 
Subnasal plane continuous with floor of nasal cavity, not stepped 
Orbits higher than broad—not known for S. meteai but known for $. indicus? 
Inter-orbital distance very narrow 
i *Infra-orbital foramina few in number 
< *Infra-orbital foramina well removed from the zygomaticomaxillary suture 
Zygomatic bone flattened, facing anteriorly 
“Zygomatic foramina relatively large 
No glabellar thickening—not known for S. meteai but known for $. indicus”? 
> Extremely small incisive foramina 
i Slit-like greater palatine foramina 
Great size discrepancy between I' and F 
Thick enamel on molars 
+Zygomatic foramen multiple (single in $. meteai} 
+Zygomatic foramen situated above the level of the lower rim of the orbit 
(below the orbit in S. mereai) . 





* Characters considered. to be shared primitive characters; all the rest are 
considered to be shared derived characters. 


+Characters that are present in the orang- -utan but for which $ meteai retains 


the primitive condition. 





1 s fairly c losely. to ‘the great ape ‘pattern, 
emonstrating both that its affinities in most dimensions are- 
with the great apes and that, seen as a pattern, each of these’ 
haracters is consistent with the others and therefore more 
likely to be the result of shared ancestry rather than indepen-. 
dently acquired convergences. As for the non-metrical data, 
the variation in some of the dimensions, for example, palate 
length and nasal width, are not significantly inter-correlated 


which distinguish them from the primitive hominoid condition 


‘ cari also be. 
linked with S. meteai and the orang-utan on the basis of a. 
-newly described skull belonging to this species**. This skull, : 
. which was described after this review was written, shares with 
the orang-utan all the characters listed in Table 3, and it also 
: provides evidence on two additional characters of the eye region 
-which are included in Table 3. This strongly reinforces the case 


Folate? to the orang-utan, then the other foss Beales are also | 





s S. indicus 
S.metedi 
5. punjabicus 
Orang — utan 


Gibbons 


Fig. 3 Relationships of the extant and fossil Hominoidea. The 

relationships of the living species correspond tò those in Fig. 1, 

and the fossils are shown as three species of Sivapithecus (including 

Ramapithecus as a junior synonym) which together constitute the 
sister group to the orang-utan. 








it with S. indicus, but it was later reinstated as a separate. a 
species?” on the basis of characters of the incisors, canines, = 
premolars and posterior molars. In most of these characters it. © 
was presumed” that S. meteai possessed the derived condition _ 
with respect to the -primitive hominoid morphotype and Se 
indicus the primitive condition. They both share, however, _ 
characters such as thickened enamel on the molar teeth, lower- _ 
crowned and more robust canines, and loss of molar cingula, 





and indicate that the species presently assigned to Sivapithecus 
represent a clade, of which these are the distinguishing charac- 
ters. As these characters are also shared by Ramapithecus it 


seems very probable that they are part of the same clade. This 


has been recognized implicitly by Pilbeam" in his combination ` 
of ‘ramapithecines’ and. ‘sivapithecines’ in the family 
Ramapithecidae, and more explicitly by Greenfield’? who dis- - 
missed even generic differences between them (although ` 
unfortunately he did so for the wrong reasons) and referred | 
Ramapithecus to the genus Sivapithecus. This is certainly the 
simplest solution at present to a rather complicated situation, 
and although there is a risk that it is an over-simplification it 
does help to resolve many problems if the thick-~enamelled 
Eurasian apes (excluding Gigantopithecus) are united in the 
genus Sivapithecus, This genus would then contain at least 3-4 
species, which can be listed as follows with their geographical 
location and approximate ages: 
S. indicus, India and Pakistan, middle to late Miocene, 11- ~ 
8 Myr ; 
S. punjabicus, India and Pakistan, middle to late Miocene, ae 
11-8 Myr oe 
Sivapithecus sp., China, late Miocene, 10-8 Myr Ba SES 
S. meteai, Turkey and Greece, late-middle Miocene, 11~ 
10 Myr 
Sivapithecus sivalensis® is of uncertain status, especially the 
type specimen of the species, and thus is omitted from the- 
present discussion. The species of middle Miocene age assigned 
to Sivapithecus and Ramapithecus, Sivapithecus darwini from 
Turkey and Czechoslovakia’ and Sivapithecus africanus and - 
Ramapithecus wickeri from. Kenya’, are known only from. jÀ 
extremely fragmentary dental remains and they lack the body © 
parts that have been used in the present analysis to determine- 
relationships. Therefore, these species also have been omitted .. 
from the present discussion. g E 
Two consequences ensue from” ‘the: ‘recognition of the- 
Sivapithecus group as a clade. First, if one member of the clade, — 
that is, a species such as S. meteai, is accepted as being closely . 


























n. This would apply, for example 







) yif characters are found to be present in more 
ecimens that exclude them from this association 
of course from the genus Sivapithecus) can it be 
that they do not form part of this clade. Following 
of argument, in conjunction with the molecular and 
phological evidence for the relationship of the extant apes, 
vident that ‘Ramapithecus’ may not be related exclusively 
aan but may be related to the orang-utan. 
The case for the hominid affinities of ramapithecines has 
ost- recently been reviewed by Kay“. He also refers 
_. ‘Ramapithecus’ to Sivapithecus, although not as a separate 
_ Species but to the species S. sivalensis. He shows that the species 
_ of Sivapithecus share the following synapomorphies with man: 
(1) broad mandibular body; (2) low-crowned molars with thick 
enamel; (3) rather reduced canine size; (4) rather reduced 
canine sexual dimorphism; (5) buccolingually broad upper 
canines; and (6) tendency to enlarged P, metaconids. These 
aid to be characteristic of the whole Sivapithecus clade 
nd that this is therefore the sister clade of man. We accept 
"s interpretation of the significance of characters 1 and 5, 
ough mandibular robusticity varies considerably for the 

p ies of Sivapithecus, but there are greater difficulties 
ers. Two of the characters, the enlarged P, metacon- 
nd the thick enamel of the molars, are present also in the 
ng-utan, and therefore provide equally good evidence for a 
Sivapithecus~Pongo relationship as for a Sivapithecus~-Homo 
relationship. We do not accept Kay’s conclusion that canine 
ize is reduced in Sivapithecus for two reasons; first, his data 
show that the range of canine size relative to the first molar is 
lent to the middle of the range of extant great apes: in 
ds. Sivapithecus canines are relatively bigger than 
t ape canines as well as being relatively smaller than 
ies. Secondly, it must be considered that Sivapithecus 
elatively large molars for its body size’', and if this 
se the ratio of canine/molar size may be misleading. 
, we also disagree with the significance attached to 
duced sexual dimorphism, as low sexual dimorphism has not 
en shown convincingly to be a valid characteristic of 
yivapithecus. 
~The characters linking Sivapithecus with man are thus 
reduced to two: robust mandibles and buccolingually broad 
per canines, two characters that are almost certainly func- 
ionally related. These characters certainly seem to be 
napomorphies for Homo and Sivapithecus, but the likelihood 
‘their being the result of parallel evolution must be given 

“credence. in view of the more numerous and functionally 
` „independent derived characters of the nose, the orbits, the 
latal foramina and the incisors that are shown here to be 
ared between Sivapithecus and Pongo. We therefore consider 
more likely that Sivapithecus species, particularly S. meteai 
and S. indicus but by inference also Sivapithecus (formerly 
_ Ramapithecus) punjabicus, are more closely related to the 
~~. Orang-utan than to man. 

The other consequence arising from the proposed relation- 

Ship of S. meteai and the orang-utan is that it provides an 
_ approximate minimum divergence data between the orang-utan 
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span ‘of Sivapithecus as recognized here is of the order 8- 


ct ants sister group, the Af rican: apes and man. S. mete 
omes from deposits about 10-11 Myr old, but the t 















11 Myr. This age corresponds to the date of 10+3 Myr sug- i 
gested by the molecular evidence and strongly indicates a- 
minimum age of at least 10-11 Myr for the divergence between | 
the orang-utan clade and the clade containing the African apes- 
and man. The divergence between the members of the latter 
must be subsequent to this period, and the molecular evidence- 
for a prolonged common ancestry between the African apes 
and man suggests that their eventual divergence was consider- 
ably later than the middle Miocene and perhaps as late as the 
end of the Miocene 5-6 Myr ago" = 
There is one other consequence of the relationships proposed | 
here, which will be considered briefly. The classification of the 
cladistic groups proposed in Fig. 3 would differ greatly from. 
many current schemes. The most recent one by Szalay and 
Delson", for example, combines the great apes in the tribe- 
Pongini ‘with parallel tribes for Dryopithecus (Dryopithecini) 
and Sivapithecus (Sugrivapithecini). These are combined in the 
subfamily Ponginae, and Ramapithecus, Australopithecus and 
man are classified in the subfamily Homininae. These sub- 
families are then grouped in the family Hominidae, 
Classifications based on Fig. 3 would have to recognize th 
chimpanzee, gorilla and man as one clade with the orang-uta 
and Sivapithecus (and ‘Ramapithecus’) as another; a possib] 
solution would be to classify these clades at subfamily level; 
do Szalay and Delson’, but with Homininae for the Africa 
apes and man, and Ponginae for orang-utan and Sivapithect 
(and ‘Ramapithecus’). The African apes and man would the 
be divided at the level of tribe. An alternative classification a 
the family level is as follows: 
Hominoidea (Gray, 1825) 
Hylobatidae (Blyth, 1875) 
Hylobates (Illiger; 1811) 
Pongidae (Elliot, 1913) _ 
Pongo (Lacepede, 1799) | 
Sivapithecus (Pilgrim, 1910) 
Hominidae (Gray, 1825). | 
Gorillinae (Hurzeler, 1968) 
Pan (Oken, 1816) 
Gorilla (1. Geoffroy, 1852) 
Homininae (Gray, 1825) 
Homo (Linnaeus, 1758) 
Australopithecus (Dart, 1925) | 
This change from traditional classifications has long been advo: 
cated by Goodman”, and it is one that is necessary with the- 
recognition that the African apes are more closely related to 
man than they are to the orang-utan. 
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AS the youngest centre of constructional volcanism on Mars’, 
the Tharsis region has been the focus of considerable attention 
directed towards gaining an understanding of the geophysical“, 
‘geochemical’ and volcanological® evolution of the area. Debate 


-uplift versus constructional volcanism as the primary mechan- 
-ism for the production of the observed relief’*, together with 
the attendant implications that such hypotheses would hold for 
lithospheric structure and crustal-mantle petrology. Until 
` recently, it was believed that the centre of the broad Tharsis 
dome was located close to the three Tharsis Ridge volcanoes, 
where the surface rose to nearly 10km above the martian: 


-on Syria Planum’. 


the many outpourings of lava which characterize the area. As 

a consequence of the changing lithospheric load associated with 
this volcanic activity, deformation of areas such as the base of 
Olympus Mons would be expected if the lithospheric thickness 


here the ancient slope directions (deduced from the orientations 
* parallel to the direction of slope, the eruptions of lava provide 


“information on the characteristics of the local topography at 


- and areal extent of the flows can be used to describe further 
the nature of the volcanic activity within Tharsis because they 


of lava to be recognized. 


“Flow measurements 





- prepared by the US Geological Survey. 
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local topography. A comparison is made between these flow 


A few flow units in addition to those mapped may also exist, 


has centred on the relative importance of regional tectonic. 


datum®"°, New Earth-based radar measurements have shown, 
however, that Tharsis is much lower on average, with the mean l 
elevation only 2-4 km above the 6.1 mbar reference surface’. 
In addition, the centre of the dome is evidently located further: 
~ to the south-east than previously believed and is now centred. 


Nevertheless, considerable local topography (including 
numerous volcanic constructs) exist within Tharsis by virtue of: 


was <150km (ref. 13). In an attempt to search for recent. 
tectonic deformation of this kind within Tharsis, we compare 


of lava flows) with the present-day slopes (derived from Earth- ; 
based radar measurements). Due to their propensity. to flow 


-the time of flow emplacement. In addition, the travel directions | 


“permit the different eruptive centres and their relative volumes | 


Individual lava flows within Tharsis were mapped either from | 
= high resolution (20-150 m per pixel) Viking Orbiter images or 
- from the new medium resolution (200 m) orthophotomosaics. 


The positions of these the four major shield volcanoes 
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The directions of lava flows in the Tharsis region of Mars are used to identify regional palaeo-slopes, vent areas and 
directions and the present day radar-measured topography; 2 
-good agreement between these data sets indicates that little intra-regional tectonic deformation has occurred following 
| the emplacement of the preserved lavas. ee 


lava flows are shown in Fig. 1, with the exception of those flows : 
which are located on the high flanks of the shield volcanoes. 






particularly to the west of Ulysses Patera and north of Noctis 
Labyrinthus, where only poor photographic coverage existsdue — 
to atmospheric opacity; some lobate flow edges are visible in ` 
these regions, but the boundaries cannot be traced for sufficient _- 
distances to infer their direction of travel. PaE Os 
A total of 475 lava flows longer than 20km have been ~ 
mapped (Fig. 1). These flows have typical widths of 5-10 km 
on the higher slopes of the volcanoes and 15-35 km on the 
lower flanks. Additional lava flows that spread out over wide 
areas and have widths greatly in excess of 40 km were deliber- 
ately excluded from this analysis because they were deemec 
unsuitable for the determination of their flow directions. In 
certain instances, particularly to the west of Arsia Mons, it has — 
also proved difficult to map the total extent of each flow, since 
many flow segments are either partially buried by superposed > 
younger units or their boundaries have become indistinct as © 
more subdued relief is encountered close to their vents. Thus, 
while the flows measured here rarely exceed 200 km in length, 
previous estimates of 300-400 km appear to be quite plaus- 
ible’*'5, while flow length maxima of ~1,000 km may also be 
possible for fissure eruptions originating at low elevations. For. 
the fows included within this analysis, independent estimates _ 
of the flow thicknesses made from shadow measurements” 
indicate values between 5-20m for the steeper slopes and 
20-65 m for the generally flatter surrounding terrain. = 
The map of. Tharsis lava flows (Fig. 1) ‘enables both the 
regional slopes and the individual eruptive centres at the time 
of flow emplacement to be recognized, In agreement with the 
general observations of Schaber et al.'*, our analysis shows that 
the major palaeo-slope within Tharsis was down towards the 
north-west, with a high point present between Arsia and , 
Pavonis Montes and a low located near to Olympus Mons. — 
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1t Distribution of all lava 
ows included within this analysis. 
Length of arrow is equal to the \ 
length of the lava flow and shows 

the direction of travel. Volcanoes 
are shown in black where: ARM, 
Arsia Mons; ASM, Ascraeus 
Mons; BP, Biblis Patera; CT, 
~Ceraunius Tholus; JT, Jovis 
o Tholus OM, Olympus Mons: TT, 
‘Tharsis. Tholus, ULP, Ulysses 
-< Pateray UP, Uranius Patera; UT, 
¿Uranus Tholus. Also shown are 
the highland boundary in Mem- 
mia (lower deft), Valles 
Marineris, the Olympus Mons 
aureole (north-west of the vol- 

_ cano) and Echus Chasma (EC). 


MEMNONIA 


pted in areas which lack obvious volcanic constructs. (Fig. 
; Syria Planum and an area to the west of Ceraunius Fossae 
S°N,110°W) are two such examples. In these localities, 
eral small cones of probable volcanic origin exist’’, but their 
e as source regions for large volumes of magma had 
been recorded. Lava flows >100 km in length 
each of these two areas, indicating the existence 
ped fissure systems which were distinct from the 

hich supplied the magma to the major volcanoes. 


cal deformations | 
addition to illustrating the regional slopes within Tharsis, 
the orientations of the lava flows permit deformational features 


on a scale of a few hundred kilometres to be identified. Promi- 


nent amongst these is a circumferential. depression, or 
__ peripheral trough, which surrounds the southern half of Olym- 
pus Mons’. Extending to distances of 300-350 km beyond the 
- basal escarpment of the volcano, this depression. has acted as 
_. a funnel to redirect lavas which consequently either flowed 
w northward towards Arcadia Planitia or westward towards 
_., Amazonis Planitia. Segments of the aureole material to the east 
__ of Olympus Mons have been embayed and partially buried by 
lavas from both central Tharsis and Olympus Mons, while the 
| much more extensive portions of the aureole to the north and 
West of the volcano, despite being down the regional slope’’, 


have remained unburied. From our investigation of the preser- 


_ ved record of volcanic activity, none of the lava flows erupted 
from Olympus Mons contributed to the lava pile which now 
constitutes central Tharsis (such as the area around Biblis and 
_ Ulysses Paterae); all the lava flows from the volcano travelled 
__ either to the north or west. This implies that the peripheral 
trough around Olympus Mons has been in existence for an 
__ extended period of time, rather than being a relatively recent 
response to crustal loading by the volcano after most of the 
avas had been emplaced. 

In contrast to Olympus Mons, the other three Tharsis shield 
„volcanoes are noteworthy for the lack of preserved deforma- 
ional features within the surrounding plains materials. A slight 

graphic rise ~330km west of Ascraeus Mons, together 
ingential flow direction of lavas at the base of the 
ggest that a local depression may exist around this 
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either Arsia or Pavonis Montes; flows from these two volcanoes 
travelled in almost radial directions from the summit calder 
and adjacent fissure zones. = o eo 
Only one example of surface deformation after lava flo 
emplacement can be found in the Tharsis region. To the no 
east of the Olympus Mons peripheral trough, relatively old la 
flows from the south-east have been partially buried an 
modified by more recent volcanism. In one instance, a sinuous 
lava channel was formed along a radial directed towards Oly 
pus Mons and this lava channel cuts the older flows almost at 
right angles to the original flow direction (Fig. 2). Our interpre- 
tation of this dual flow direction is that after their emplacement, ` 
the older flows were tilted towards the south-west before the _ 
formation of the lava channel. Lithospheric loading of the area 


by the continuing construction of Olympus Mons could be the 


cause of this tectonic movement. 


Present-day topography | 
Earth-based radar measurements of elevations on Mars have _ 
recently been referenced to the 6.1-mbar pressure surface", 


Fig. 2 North-east of Olympus Mons, a sinuous lava channel 
(source arrowed) cuts older lava fows which came from the south- 
east. The change in flow direction between these two eruptions 
is attributed to lithospheric loading associated with the construc- > 
tion of Olympus Mons. North is towards the top of image, which < 

is centred at 29.8°N, 130.0° W., Image width is 60 km: Viking = 
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These data provide height information for the southern flanks 
of Arsia Mons and Syria Planum for latitudes 14-21°S. Data 
~ resolution for this area is ~ 10 km in longitude, 80 km in latitude 
and 100 m in altitude’*. Using this radar-derived topography, 
< it is therefore possible to compare the present day regional 
= gradients with the observed flow directions (palaeo-slopes) to 
- search for regional deformations which may have occurred after 
_ the cessation of the volcanic activity. Such tectonic deform ation 
would be expected to be present if the lithosphere beneath 
Tharsis was thinner than ~150~-180 km (refs 13, 19) due to the 
changing load associated with the protracted eruption of large 
volumes of lava*””’. 
The following comparison of these present and past slopes 
within southern Tharsis (Fig. 3) points to a strong agreement 
‘between the two data sets. The radar elevations corroborate 
that a regional slope extends downward from Arsia Mons 


‘to >8km. A slight (500-1,000 m) high is associated with the 
Claritas Fossae fractures, while Syria Planum represents the 
centre of a regional dome located at the western end of Valles. 
~Marineris'2. Almost all the mapped lava flows cross the present 


-This may, on the other hand, be a consequence of the shallow- 
ness of the slopes (see below) and the relative thickness of the 
< flows (~25 m (ref. 14)), which could have funnelled the younger 
- flows around pre-existing units in a manner comparable to the 
< diversion of certain terrestrial eruptions (ref. 23, p. 421). 


to compile a complete topographic map, scattered elevation 
values for parts of northern Tharsis are available’* and permit 


We have measured 14 slopes within Tharsis (all of which parallel 


_ give number densities ranging from 1.22x107* to 9.08 x 107. 


towards Memnonia: the total change in elevation amounts today: 


day contour lines within about 10° of the local gradient (Fig. 
_3), Considering that the aforementioned resolution of the radar 
‘data provides only the general characteristics of the local. 
topography, there is also good agreement between the regional 
slopes and the paths of the flows (such as those associated with. 
the ‘bending’ of the flows south of Arsia Mons between latitudes. 
7°-22°, longitudes 110°-122°W). Essentially all of the obser- 
d lava flows are seen to travel generally down the present. 
pographic gradient for their entire length. Close to the summit 
_of Arsia Mons, however, where a parasitic shield is thought to. 
be located”, some flows do not follow the maximum slope. 


- Although the radar data set lacks sufficient areal coverage 


the determination of the present-day slopes north of the equator. 


-the lava flow directions for distances of 150-1,250 km) using 
- -the radar data (Fig. 4). In each case, it is evident from the slope : 
© estimates (Table 1) that the lava flows travelled along paths- 
that are consistent with the modern down-slope directions. AH 
the radar-measured slopes seem to be very shallow, ranging 
from 0.75° for the southern flanks of Arsia Mons (profile L-L’) . 
to 0.04° for a section of the Olympus Mons peripheral trough | 
(profile C-C’). These slopes are, however, only best estimates 
from the radar data because each elevation estimate is an- 
` average of several measurements made within a 2° longitude — 
sample bin''. Typically, 7-13 measurements are included in 
each sample, and the resulting standard errors for the averages _ 
range from 70 to 770 m (Table 1). Over the measured horizontal 
distances considered here, the maximum error in the slope 
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Fig. 3 Comparison of radar-derived topography and lava flow directions for the southern portion of the study area. Radar data give contours: 
in 1-km intervals and are referenced to the 6.1-mbar pressure surface of Mars. Contours were hand drawn (by P.M.M.) from elevation... 
measurements made in 1971 and 1973 between 14° and 21°S. 


determination would be about +0.17°, while typical errors 
would be <+0.1°. Under these circumstances, only in the case 
of profile C-C’ could the down-slope direction of the profile , 
change; although the absolute slopes would be different, all the 3% 
remaining modern gradients are consistent with a down-slope 
movement of the lava flows even allowing for the resolution of 
the radar system. 2 
Such a close match between the ancient and modern regional -= 
slopes indicates appreciable lithospheric stability within Tharsis. — 
Although the absolute ages of the lava flows are not known, _ 
at least 14 distinct eruptive sequences of flows have been 
identified in this area’* and these surface units have large 
differences in their superposed crater densities’. Crater counts. A 









craters >1 km. diameter per km’ respectively for the Tharsis- 
Montes unit 3 (tm;) and Olympus Plains (op) units of Scott and 
Tanaka’', suggesting a wide age range. It appears, therefore, 
that there was relatively little tilting of geological units during — 
(or after) the extended period of Tharsis volcanism represented. 
by the currently exposed lava flows. This in turn implies that — 
the lithospheric structure beneath Tharsis was rigid enough to ~ 
support the changing load associated with volcano construction, = 
suggesting that the lithosphere may indeed have been thicker — 
than ~ 150-180 km (refs 13, 19, 20)... Fen 

















Volcanology | | ae 
In addition to the slope information, subtle differences in the _ 
style of Tharsis volcanism are also indicated by the distribution ~ 
of the observed lava flows. From the large number of flows — 
located between the three Tharsis Ridge volcanoes (Fig. 1), it 
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Fig, 4 Location of the surface slopes measured from Earth-based or 

radar data (see Table 1). Each slope is coincident with the lava <- 
-flow directions shown in Fig. 1, with the downslope measurement -` 
- denoted by the superscript bar, Base map abbreviations are the = 
©  Hsameas those in Figi loo ooo o 
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‘Long. 
(deg) 
144-146 
128-130 
122~124 
114-116 
110-112 
100-102 
90-92 
110-112 
96-98 
104-106 
114-116 
120-122 
122-124 
124-126 


Lat. 
(deg) 


22.00 
12.11 
23.15 
21.58 
12.11 
21.78 
21.78 
10.98 
~ 18,99 
cr ie a 
a ee | 
-21.11 
—21.23 
~14.46 


ikm) 5 N 
~0,49 
2.22 
2.35 
4.45 
4.43 
4.90 
3,55 
8,62 
8.74 
8.29 
8.74 
11.78 
10.98 
8,29 























0.0 13 
0.30 13 
0.05 12 
0.08 13 
O57 12 
0.7 13 








ce ia : * Altitudes are expressed in kilometres above the 6.1-mbar pressure surface. 1 e ($) values from the mean elevation and the number of data points. (Nin: the 


a > two-degree sample bin are also given. 





























eight difference between the mean up- and down-slope altitudes. 


evident that large volumes of magma were also erupted at 
se localities from saddle fissures (in addition to the magma 
rupted from the summit calderas). Furthermore, a change in 
ptive style from true shield volcanism {most of the magma 
ipted from near-summit vents) to flank activity (most of the 
nagma finding egress at the saddle crests) evidently took place 
on both Ascraeus and Pavonis Montes late in their evolution, 
because no flows from their summit calderas extend across the 
addle flows. Eruptions from Arsia Mons also display a similar 
hange in vent location, with large eruptions of magma from 
sitic cone”? postdating the near-summit activity. This 
of vent relocations for these volcanoes is at least 
ely consistent with the inferred history of the calderas 





harsis volcanoes”. nn: ce 
he small volcanic constructs of the Tharsis region (Biblis, 
ses and Uranius Paterae and Tharsis, Uranius, Jovis and 
raunius Tholi) show evidence of partial burial by lava flows 
hich conform to the regional slopes identified in this analysis”’. 
he absence of minor deviations from a straightline path, which 
most of the flows follow, indicates that there are no additional 
topographic rises within central Tharsis which could be other 
low volcanoes. Thus, it seems that the entire sequence of lava 
ains in this region” was constructed by afew major volcanic 
ntres (not all of which were associated with the large shields); 
‘uptions of magma were evidently confined to large, frequently 
tivated fissure systems, rather than many small widely dis- 
sed vents, during the period of activity presently exposed 
/omparing the size and number of the flows originating from 
Arsia Mons (42 > 100 km long) and Olympus Mons (3 > 100 km 
- long) indicates that it was likely that these two volcanoes had 
_ appreciably different magma supply rates from their respective 
< source regions. If it is assumed that these martian shields had 
_ eruption characteristics comparable to terrestrial volcanoes 
-© (that is, lava flow length was related to magma effusion rate”®), 
the longer and more numerous flows from Arsia Mons would 
: imply higher effusion rates than for Olympus Mons, Variations 
__ in effusion rate are also likely for different parts of Olympus 
_ Mons, because relatively long flows are only common on the 
eastern and southern flanks of the volcano while the aureole 
aterial to the north-west is almost devoid of embaying lavas. 
the traditional view that Olympus Mons is the largest 
n the Solar System‘ may not be correct, because Arsia 
ot only has a larger caldera, but from this analysis also 
; to have higher magma effusion rates and represents a 
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+ Straight-line distances are given from the middle of the up- and down-slope points. 


} Surface slopes, estimated errors for these slope values are derived from the 1a values in the altitude measurements. 


(6. Plescia, J. B. & Saunders, R. S. Proc. 10th Lunar planet. Sci. Conf. 2841-2859 (1979)... 





Altitude* 
fkm) S N 
2.02 
0.07 
2.25 
2.65 
3.65 
3.47 
1.76 
4.64 
6.04 
7,63 
7.44 
6.69 
5.07 
4.32 






Slopes. 

(deg) - 
0.10+0,02- 
0.20+0.03 
0.04 + 0.07 
0.28 +004 
0.304 0.17 ° 
0.09 + 0.02 
0.124002 — 
O.18+0.01 - 
0.28+0.02 - 
0.09 0.05 
0.164£0,02 - 
0.75 40,03. 
0.72#0.08 - 
0.38+0.09 © 


Long. 
ideg) 
150-152 
138-140 
124-126 
120-122 
110-112 
90-92 
80-82 
98-100 
88-91) 
100-102 
110-112 
120-122 
126-128 
134-136 


Height 
ikm} 
1.53 
2.15 
0,10 
1.80 
0.78 
1.43 
1.79 
3.98 
2.70 
0,66 
1.30 
5.06 
5.91 
3.97 


Distancet 
(km) 
0.09 12 837 
0.18 9 600 
0.09 12 182 
0.13 13 372 
0.22 7 150 
0.08 9 -B89 
0.10 13 883 
9.13 5 1252 
0,40 12 551 
0.10 12 455 
0.08 13 455 
0.12 - 12 : 386 
0.12 13 471 
0.13 12 600 











































































topographic high that dominates. the surrounding region for 
In comparison to both Arsia and Olympus Montes, the mass 
eruption rates for individual flows from Pavonis (seven flo 
100km) were probably intermediate between these two 
extremes. a | ie 


Conclusions 


The use of lava flow directions as palaeo-slope indicators a 
Earth-based radar measurements of present fopograp 


demonstrate that little deformation of the Tharsis. region 
occurred over an extended period of time. Very few deforn 
tional features attributable to: subsidence around the volcanoes. 
can be recognized from the flow directions; a peripheral troug 
surrounds Olympus Mons and there is some evidence for a 
similar feature to the west of Ascraeus Mons. Only one example. 
of surface tilting after lava emplacement has been found (to 
the north-east of Olympus Mons), suggesting that the increasing. 
lithospheric load due to progressive buildup of the lava pile 
had little influence on local topography. It is therefore postu- 
lated that early in the evolution of Olympus Mons, the litho-_ 
sphere was <150 km thick"’, thereby permitting the formation 
of the peripheral trough. For much of the period in which the 
preserved volcanic activity took place, however, lithospheri: 
thickness has evidently been >150-180 km (refs 13, 19), as. 
evidenced by the lack of local or regional deformation between 
the time of these eruptions and the present day. ech 
Although regional slopes are very shallow today, if they truly 
reflect the gradients present at the time of volcanic activity, 
they nevertheless controlled lava flow directions over distances 
in excess of 1,000 km. In this respect, the rise associated with 
Syria Planum” has controlled the flow directions of many of 
the Tharsis lavas, while Claritas Fossae was also a local high 5 
at the time that Arsia Mons was active. It is evident that the 
style of volcanic activity was quite diverse within the region, 
with fissure eruptions from the saddles between the Tharsis 
Ridge volcanoes contributing large volumes of lava to the 
surrounding plains. In this connection, it is proposed that Arsia 
Mons, with its extensive lava flows and great relief, should 
supersede Olympus Mons for the title of the largest known 
volcano in the Solar System. i 
We thank Jim Head for his comments. This research was 
supported by NASA grant NER 40-002-088 of the Planetary 
Geology Program. BE 
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-the major features of the Antarctic Ice Sheet. \ 


` To understand ice-sheet histories from proxy data, and to see 
whether they are physically plausible, numerical ice-sheet 
models can have an important role. Although the theory of ice 
flow is formulated reasonably well (this does not apply to what 
happens at the ice~bedrock interface), modelling of large ice 
sheets requires a pragmatic approach. It is not possible to solve 
the full stress-strain rate relationships, together with the ther- 
modynamic equation, for the whole Antarctic Ice Sheet, for 
example. This certainly applies if one wants to carry out integra- 
tions over 100,000 yr or so. 
_In recent years, ice-sheet models based on a flow law for the 
vertical mean ice velocity have become popular’; they have 





‘ture most of the characteristics of large ice sheets. 








A model of the Antarctic Ice Sheet 


J. Oerlemans 
Institute for Meteorology and Oceanography, University of Utrecht, Princetonpiein 5, Utrecht 3508 TA, The Netherlands 


Numerical modelling of ice sheets and glaciers has become a useful tool in giaciological research. A model described here 
-deals with the vertical mean ice velocity, is time dependent, computes bedrock adjustment and uses an empirical diagnostic —. 
- relationship to derive the distribution of ice thickness in ice shelves. The rate of snowfall and ice/snow melt depends on: i 
“the (prescribed) sea-level temperature, surface slope, elevation and distance to open water. The model is able to reproduc 
3 When it is run to a steady state for present climatic conditions, the main 
difference with the present ice sheet is that the shallow parts of the Weddell Sea become covered by grounded ice. f 


en used mainly for palaeoclimatic studies, and in complexity. 
ome between perfectly plastic models* and three-dimensional 
nodels®. In these models temperature is not calculated, so. 
onstant bulk flow parameters have to be used. In spite of the 
implifications involved, the vertically integrated models cap- 


_ Based on these observations, I have developed a vertically 
integrated model of the Antarctic Ice Sheet. In fact the Antarc- 
tic Ice Sheet is an excellent test case for the ‘vertical mean 
‘approach’, because it has a very irregular bedrock topography 
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and subtle grounding line dynamics at some places, and its. 
present-day physical characteristics are well documented’. => 
The first version of the present model was used to investigate 
how sensitive the Antarctic Ice Sheet is to changes in the ice 
‘accumulation rate”. However, this version did not include bed- — 
rock adjustment and ice shelves, and could only be used for= 
short integrations. i 8 a 
The second version, results of which are presented here, has 
much more internal freedom. The response of the bedrock 
topography to a varying ice load is computed, and a diagnostic 
relation for ice shelves (though simple) is included. A varying 
bedrock topography introduces the problem of initial cond 
tions. It is not very well known how close the present bedrot 
topography is to isostatic equilibrium. A 100-m error in t 
equilibrium bedrock elevation will be insignificant in the central 
parts of the East Antarctic Ice Sheet, but is very important in 


















such marginal regions as the Ross Sea. 


Model description 
The calculation of ice flow is based on a flow law relating 
vertical-mean horizontal ice velocity u to basal shear stress 7, 
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SAAN 


Fig. 1 a, Observed ice thickness 
as resolved on the model grid (part 
of which is shown in the upper left 
corner). Contour interval is 1 km. 
The major ice shelves are indicated 





Gain of ice mass (m ice equivalent yr~') 


vE 


; | ‘Temperature at sea level CC 


_ Formulation of the mass balance, or ice accumulation 

e, for the ice-sheet model. a, Dependence of snow/ice melt 
nd snowfall on sea-level temperature for zero surface elevation 
nd zero surface slope. b, The mass. balance for different local 


conditions: I, a surface slope of 0.02 and elevation of 500 m, at 
the edge of the continent; II and ITI, the interior of the continent 
p for elevations of 2,000 m and Om respectively. n 


. 8). This law is of the Glen -type: u = kry, where k and m 

e flow parameters. The expression for u can be generalized 
„the two-dimensional case (involving assumptions that will 
e discussed here), yielding the vertically integrated mass 


w vector M: 


M= KH" (VH! VH NH" 


Fig. 3 Equilibrium states of the 
Antarctic Ice Sheet, computed 


- : with the numerical model for pres- 
ent sea level (a) and a sea-level 


-stand of 100m below the present 
“one (5). In both integrations the 
_ initial condition was H =0.. Ice 
shelves are indicated by horizontal 
ng. Heavy lines are contours 

: thickness, except the outer 

hich gives the grounding line. 
rinterval is 1 km. Light 

es-ice thickness > 

ading ice thickness 


(1) 


arator and H’ =H 


the bedrock elevation with re 


increases strongly with both ice thickness and surface sloj 
The evolution of the ice sheet is determined by the conservati 1 
of ice mass, that is oo 


éH/at=—-V-M+G (2). 


G is the ice accumulation rate at the surface, expressed in units i 
of ice depth per unit of time. ; 
The response of the bedrock to the ice load is computed from: fe 


ah/at = ~(h~ho+ H/3.2)/T (3) 


where Ao is the equilibrium bedrock height without ice load. 
Equation (3) formulates a damped return, with time scale T. 
to local isostatic equilibrium. For loads with a horizontal length : 
scale of more than a few hundred kilometres, equation (3) forms 
a good approximation”. For smaller loads, the flexural rigidity 
of the lithosphere becomes important. So, in general, equation 
(3) should work reasonably well, but for very small ice sheets. 
or near the edge of a large ice sheet errors may occur (order. 
of magnitude: 50m). _ ee eon 
Given the present bedrock topography and the distribution 
of ice thickness (Fig. 1a), and assuming that the present state 
of Antarctica is close to equilibrium, Ao can be computed. Using 
data from the Russian Atlas of Antarctica’, resolved on a grid 
with a spacing of 100 km, yields a no-ice bedrock topography 
ho as shown in Fig. 1b. This clearly shows how little of the — 
bedrock beneath the present West Antarctic Ice Sheet is 
actually above sea level, even if the ice load is removed. Because 
we cannot be sure that the Antarctic Ice Sheet is close to a 
steady state, ha may be subject to errors. This applies in par- 
ticular to the shallow Ross and Weddell seas, which were 
probably captured by grounded ice during the last ice age 
(20,000 yr ago). So it is possible that in these areas ‘uplifting is 


enclosure (which is between 0° and 360°) by grounded ic 

weighted with the distance to the grounding line and the ice 
thickness at the grounding line. In the present model only four 
directions (0°, 90°, 180° and 270°). are checked for each grid 
point to estimate the enclosure. An additional condition is that 
the ice shelf cannot be maintained if its thickness drops below. 
250 m. For an optimum choice of the proportionality constants _ 
appearing in this formulation, the calculated ice shelves for the ` 
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Fig. 4 Total ice volume and area covered by ice shelf, showing _ 
“how the equilibrium states of Fig. 3 are reached. Solid line, 
experiment with present sea level; dashed line, experiment with | 
i the 100 m drop in sea level. 


resent distribution of grounded ice appear at the right locations 
vith approximately the right thickness. Although ice-shelf 
iynamics does not explicitly occur in this procedure, it is dealt 
with in an implicit way, of course. It is no.coincidence that ice 





compressive stresses associated with large enclosure counteract 
he ice thinning due to regular spreading. The present procedure 
imics this mechanism well. | 


Because surface temperature and orographic enhancement 
precipitation depend on the distribution of ice thickness, a 
neral formulation for the ice accumulation rate G is desirable 
n which these effects appear in an explicit way. Based on the 
“present distribution of surface elevation, surface slope and 
accumulation rate’®, the gain of ice mass due to precipitation 
-is written as (in m ice equivalent yr’): : 


P = max [0.05; f(@.0.3 + 14V H' —4 + 10H C] (4) 


So precipitation increases with surface slope and decreases with 
surface elevation: C is a ‘continentality factor’, which is com- 


a puted by checking how many grid points in a circle of radius 


helves occur where the degree of enclosure is large. The 


by tuning the model to the present Antarctic Ice ‘Sheet 


~ §00 km are covered by ice or bare ground. C ranges from 1 
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the dependence of snowfe 
tent and the transition | 
in Fig. 2a, in which a snowfal 
VH'=0. It is based on climatologi 
change experiments with circulation 
phere ee ee ee a ce : 
Parameterization of ice/snow melt is based on mass-balance 
studies at the edge of the Greenland Ice Sheet'*. With the 
assumption that the yearly cycle in surface temperature is more 
or less conserved in conditions of climatic change, the following 


approximate relation holds: | : 





ater vapour 











for H'=0 and 





ide s of “the atmos- a 


melt = 0 if @,< -12°C 
melt =(12+6,)? *0.028 if 6,> -12°C 


as for P, the unit is m ice equivalent yr '; 6, is surface tem- 
perature which can be calculated from ĝo by using a constant’ 
lapse rate y (so 6,=6)+yH’). Equation (5) only holds for 4 
temperatures below 0°C or so, but this is sufficient because 
higher temperatures do not permit any ice cover to survive. 

The difference between snowfall and ice/snow melt makes —_ 
up the mass balance G. Given the surface slope and elevation, 
and the continentalit or, it only depends on sea-level 
temperature. The first three factors are determined by the shape 
of the ice sheet itself. So climatic chang xperiments can be: 
performed by varying @ only, = o 0 00 o Z 


(5) 



























To illustrate how the mass balance depends on local condi- 
tions, Fig. 2b shows G (8o) for three typical conditions: (I) on 
the edge of an ice sheet, (II) in the interior of the continent at 
2,000 m elevation, (IID) in the interior at sea level. -o 

The formulation of the mass balance described above is 
capable of reproducing all major characteristics of the present 
mass-balance field over the Antarctic Ice Sheet. It adds con- 
siderably to the internal freedom of the model. For example, _ 
zones of high precipitation rate follow the edge of the ice sheet, - 
which is certainly realistic. Gra E dope a 

All model equations are solved with a numerical scheme on 
a grid with 100-km spacing between the grid points (see Fig. 
1a). The time step used is 10 yr. Model parameters not yet 
specified are: m = 2.5 and K = 0.5 m™*” yr ' (flow parameters 
T = 4,000 yr (e-folding time scale for bedrock adjustment) an 
y =—8°C km” (lapse rate). Values of K and m were found 

















for prescribed and fixed bedrock elevation, ice accumulation — 
rate and grounding line. However, the choice is not crucial: 
other combinations of m and K can be found to give similar... 
results. 2 


Results 


In the first experiment the model was run to a steady state. _ 
starting from no ice cover and bedrock topography fo. The _ 
sea-level temperature was set at ~14°C, It takes ~ 30,000 yr _ 
before a steady state is approached, so the integration was o 


o Fig. 5 Equilibrium states of the 
sae model Antarctic Ice Sheet for 6o, 
the annual sea-level temperature: 

a; Oy 5 °C} b; 09 = O°C; c, Oo= 
~5 °C, Heavy lines are contours of 
= ice thickness (km), Ice shelves are 
indicated. by horizontal shading. 





[a iad 


Nature Vol 297 17 June 1982 


553 





carried out over 50,000 yr This takes about 30 min central 
processor time on a CDC7600 computer 

The calculated ice distribution 1s shown 1h Fig 3a Comparing 
this with Fig 1a shows that the model simulation ıs not too 
inaccurate, certainly not if one realizes that both bedrock eleva- 
tions and mass balance are internally generated Also, note that 
the state of Fig 1a ıs not necessarily close to equilibrium, so 
that a sound judgement of the model performance cannot be 
made The major difference between the simulated equilibrium 
state and the present observed state of the Antarctic Ice Sheet 
1s the extension of grounded ıce ın the vicinity of the Antarctic 
Peninsula In the model stmulation a large part of the Weddell 
Sea 1s covered by grounded ice As a consequence, the ice 
thickness ın the western and central parts of the Antarctic Ice 
Sheet ıs larger, and the total ice volume ıs ~25% more than 
the presently observed volume 

The Ross Ice Shelf is well reproduced by the model, but the 
slope of the ice surface along the grounding line 1s steeper than 
observed This ıs probably because the model does not take 
into account enhanced ice-mass discharge by extensive basal 
sliding (which 1s supposed to operate in these regions) 

Figure 3b also shows the equilibrium state calculated for a 
sea-level stand which is 100 m below the present one This was 
done to investigate the effect of glaciation in the Northern 
Hemisphere on the Antatctic tce volume The experiment was 
identical to the first one (the same initial conditions) except for 
the 100-m sea-level drop 

Obviously, the West Antarctic Ice Sheet 1s sensitive to such 
a sea-level lowering the grounding line in the Ross Sea 
advances hundreds of kilometres At the upper (southern) tip 
of the Ross Sea, the ice thickness reaches 4 km Grounding line 
advance in the Weddell Sea is less spectacular, because in the 
present-day simulation a large part of the shallow sea 1s already 
covered by grounded ice Altogether, the volume of the West 
Antarctic Ice Sheet increases dramatically if the sea level lowers 
by 100m According to Fig 4, the total ice volume increases 
by ~15% If sea level ıs reset to its present value, the ice sheet 
appears to remain stable Additional experiments revealed that 
a sea-level rise of at least 600 m 1s required to initiate grounding 
line instability ın the Ross Sea (sea level temperature being 
equal) This suggests that ın reality basal shding must have had 
an important role ın the deglacierization of the Ross Sea at the 
end of the last glacial extreme, because a 600 m sea-level rise 
did not occur, of course Basal melting may have been present 
during the grounding-line advance, thus keeping the ice thick- 
ness of the ‘Ross Ice Sheet’ small, or ıt may be triggered by 
the Holocene climatic warming However, such considerations 
are speculative 

So far sea-level temperature ĝo has been kept constant Note, 
however, how the model ice sheet reacts to changes in ĝo Figure 
5 shows steady-state ice sheets computed with @)=5, 0, —5 °C 
respectively For 6)= 5 °C, the mass balance 1s positive only in 
mountainous regions In general, the ice does not reach the 
coast but melts at the ice-sheet edge For 6) = 0 °C, the ice sheet 
covers most of the eastern part of the Antarctic continent, but 
ice cover in the western part 1s still restricted to higher regions 
For @) = —5 °C, part of the West Antarctic Ice Sheet 1s formed, 
although the (present) Antarctic Peninsula 1s not yet attached 
to the main ice sheet A further drop of 6) of a few °C creates 
the tice sheet shown ın Fig 3a There ts not much in between 
a steady state in which the Weddell Sea 1s not covered by 
grounded ice did not appear 


Recetved 8 February accepted 20 April 1982 


Mahaffy, M A W J geophys Res 81, 1059-1066 (1976) 

Oerlemans, J J Cimatol 2, 1-11 (1982) 

Birchfield, G E , Weertman, J & Lunde, A T Quart Res (in the press) 

Pollard, D Nature 296, 334-338 (1982) 

Weertman, J Nature, 261, 17-20 (1976) 

Jenssen, D J Glaciol 18, 373-390 (1977) 

Budd, W F, Jenssen, D & Radok, „U Derived physical Character stics of the Antarctic 
Ice Sheet (Publ No 18 of Department of Meteorology, University of Melbourne 1970) 

Nye, J F J Glactol 3, 493-507 (1959) 


“SEA tA Aa WN oe 


oo 


An interesting feature in these experiments is the large ice 
thickness occurring for fo =—5°C ın the central parts of East 
Antarctica (compare with Fig 3), this 1s due to the higher 
snowfall rates (see Fig 2) However, such findings critically 
depend on the parameterization of the mass balance and should 
be considered with caution 


Discussion 


The experiments described above should be considered as a 
first step ın developing a more or less complete model of the 
Antarctic Ice Sheet Fine tuning of the model has not yet been 
attempted and several physical processes are not yet included 
(for example, the impact of extensive basal shding) So what 
can we learn from these experiments? 

First, it seems that a vertically integrated model 1s capable 
of reproducing the influence of mountain ranges on the distribu- 
tion of ice thickness This 1s particularly clear if one considers 
an experiment ın which the bedrock topography ıs fixed (see 
ref 2) In that case the model simulation 1s very good and errors 
are only due to the poor resolution of some bedrock 
irregularities In fact the value of the flow parameter K used 
in this study was found by tuning the fixed-bedrock model 
version to the present distribution of ice thickness Even if the 
mass balance and bedrock elevation are free, the simulated ice 
sheet closely resembles the present Antarctic Ice Sheet 
Moreover, because we do not know whether the ice cover in 
the Weddell Sea region represents an equilibrium state, we 
cannot state that the model result of Fig 3 1s in error (there 1s 
some evidence that ice cover on the Antarctic Peninsula 1s 
expanding’®) 

Experiments carried out by Budd and Smith” using a similar 
model of the Antarctic Ice Sheet produced results in agreement 
with those presented here, although they used a different flow 
law This again demonstrates that for large-scale modelling of 
ice sheets the precise form of the flow law 1s not important 
models can be easily tuned to give similar results 

The Quaternary history of the Antarctic Ice Sheet’’ seems to 
fit ın the picture emerging from the numerical experiments For 
a small sea-level drop (due to formation of ice sheets in the 
Northern Hemisphere) the ice sheet jumps to a state with large 
ice volume It returns to a state with small ice volume only if 
sea level and sea-level temperature are sufficiently high (during 
a Northern Hemisphere interglacial) However, the required 
increase ın sea level and/or temperature is very large and 
additional mechanisms are apparently needed to remove the 
grounded ice from the Ross and Weddell seas Surging of the 
West Antarctic Ice Sheet could be one of them 

Future development of this model wil include a more refined 
treatment of ice shelves, computation of the temperature field 
within the ice and a calculation of the effect of basal sliding on 
ice-mass discharge In such a model ice surges may occur 
Experiments with a one-dimensional model version including 
thermodynamics have shown that such events can be modelled 
very well by vertically integrated models’? The computational 
efficiency of the vertically integrated models (as compared with 
models with a grid in the vertical direction) will make ıt possible 
to study possible surging of the Antarctic Ice Sheet as a ‘lati- 
tude-longitude problem’ instead of looking along a steady flow 
line 
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Effects of volatiles on mixing in 
calc-alkaline magma systems 
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The intimate mixing between different magmas of disparate densities, characteristic of some calc-alkaline magma systems, 
is explained by a new mechanism involving the emplacement of a layer of wet undersaturated mafic magma at the base 
of a magma chamber containing more differentiated magma Turbulent transfer of heat between the mafic magma and 
the overlying magma leads to crystallization and exsolution of volatiles in the lower layer For an initial water content 
of a few per cent the bulk density of the mafic magma can become equal to that of the overlying magma causing 
overturning and intimate mixing of the magmas The mechanism ts most probable in the low pressure environment of 


a high level magma chamber 


THE replenishment of a magma chamber by an influx of new 
magma from depth has been recognized as important ın deter- 
mining petrological and geochemical characteristics of volcanic 
and plutonic rocks’ and in triggering volcanic eruptions’ 
Previous investigations of the fluid dynamics of replenish- 
ment’°° have been directed mainly towards understanding 
systems involving dry basic magmas and have not been con- 
cerned with effects resulting from the release of gas In this 
article we investigate some of the fluid dynamical phenomena 
due to the presence and release of water vapour which can 
occur when a magma chamber 1s replemshed by hydrous 
magma, and consider specifically magmas of the calc-alkaline 
association We note that the term ‘calc-alkaline’ 1s a common, 
but imprecisely defined way of describing magmas which are 
generally associated with orogenic belts and some island arcs 
Such magmas are usually, but not ubiquitously, characterized 
by low amounts of Fe enrichment and relatively high amounts 
of volatiles 

There is increasing evidence that intimate mixing of magmas 
1s a common phenomenon [In basaltic magmas mixing can be 
explained ın many circumstances because differentiated basaltic 
magmas can have the same density as higher temperature, more 
primitive basaltic magmas? f’ Also the relatively low viscosity 
of many basaltic magmas allows rapid mixing between them 
However, evidence for magma mixing 1n volcanic rocks of the 
calc-alkaline association 1s also common The belief that mixing 
has an important role in the evolution of many basaltic 
andesites, andesites and dacites is based on observations of 
disequilibrium phenocryst assemblages, inhomogeneous glass 
compositions, wide ranges of compositions of glass inclusions 
in neighbouring phenocrysts, banded pumice fragments and 
mafic clots or micropillows incorporated ın more silicic pumice 
or lava which show distinctive quench textures’ '°'* Possibly 
the most convincing petrographical evidence for intimate 
mechanical mixing comes from the occurrence of bimodal 
phenocryst assemblages Many basaltic to andesitic lavas, for 
example, contain both calcium-rich and calctum-poor plagio- 
clase phenocrysts and orthopyroxene and augite with high 
Fe/Mg ratio together with pyroxene with low Fe/Mg ratio''~** 
Petrological arguments often indicate that mixing between two 
or more compositionally distinct magma batches must have 
occurred only shortly before eruption, leading to the suggestion 
that mixing may even trigger an eruption? ** ™ or alternatively 
that the mixing was a consequence of the eruption 

If magma mixing 1s accepted as a widespread process in many 
calc-alkaline magma systems, there 1s a major physical problem 
to solve Dry magmas of the calc-alkaline association show a 
steady decrease in density with differentiation along with the 


decline in temperature’” In a conventional model of a volcano, 
the plumbing system or chamber 1s filled with magma which 
gradually differentiates during repose periods If new undersatu- 
rated magma replenishes a chamber from depth (perhaps 
resulting ın an eruption) and forms a lower layer it will, in 
general, be more primitive, hotter and denser But the decrease 
in density of the new magma due to crystallization and thermal 
effects alone 1s not sufficient to make the densities of the new 
and resident magmas equal Thus there does not at first sight 
appear to be a driving force tn such a situation to cause mixing 
This argument, however, assumes that vapour 1s absent (no free 
volatiles) Calc-alkaline magmas are frequently rich in water, 
and Anderson’ has summarized the evidence which suggests 
that the water content of many mafic to intermediate calc- 
alkaline magmas ıs often ın the range 1-4% by weight Eichel- 
berger’ has shown that the presence of either dissolved or 
exsolved volatiles in calc-alkaline magmas has large effects on 
bulk density We continue along this line to demonstrate that 
even a small percentage of volatiles can have profound effects 
on the fluid dynamics of convection in replenished magma 
chambers 

We consider in this article the influence of water exsolution 
on the densities of oversaturated hydrous mafic magmas and 
show that the induced changes ın density can be substantial at 
low to moderate pressures This idea follows on from the study 
of Eichelberger’ who, influenced by observed density differen- 
ces of mafic inclusions within rhyolitic lavas, proposed that 
vesiculation of hydrous mafic magma at the interface between 
two layers can cause density changes large enough to allow mafic 
magma to become buoyant ın more silicic magma However, 
only the relatively thin interfacial region would be destabilized 
by the process suggested by Eichelberger, and not the entire 
lower layer We aim to demonstrate that density changes in the 
whole layer of saturated hydrous basaltic or andesitic magma 
can be considerable and that, at low to moderate pressures, 
intimate mixing can take place between magmas of the calc- 
alkaline association 


Effects of volatile release on magma density 


It follows from basic principles that at equilibrium the bulk 
density of a hydrous saturated magma in the presence of excess 
wate 1s given by 


ao '=RT(N-—n)/P+(1—-N+n)/p (1) 


where a ts the bulk density of the magma, R 1s the gas constant, 
T is the temperature ın Kelvin, P ıs the pressure, N 1s the total 
weight fraction of water, n 1s the saturated weight fraction of 
water dissolved in the melt phase of the magma, and p 1s the 
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weighted density of crystals plus melt The first term in equation 
(1) represents the contribution due to the gas and the second 
term that due to the crystals and melt Only if N >n 1s there 
any gas, otherwise e =p The perfect gas law can be used ın 
equation (1) because at the temperatures and pressures under 
consideration the departures from this law are less than a few 
per cent 

The weight fraction n can be estimated from data on the 
saturation concentration of water in silicate melts’’ The solu- 
bility of water can be calculated from the empirical formula 


n=s(1-x)P? (2) 


where s 1s the solubility constant and x 1s the weight fraction 
of the crystalline phases in the magma 

As an example, we consider the case of hydrous basaltic 
magma injected into the base of a magma chamber containing 
more fractionated, cooler and lower density magma (basaltic 
andesite, andesite or dacite) We make the simplifying assump- 
tions that the crystallization of the basaltic magma involves 


4~ only anhydrous phases The bulk density, p, of the residual melt 


and crystals has been calculated by assuming that the crystals 
have a constant density of 28gcm™ and by evaluating the 
decrease in density of the residual melt as water 1s concentrated 
by crystallization The density of the melt was calculated using 
the method of Bottinga and Wedl’? Variations of p with T 
alone due to thermal expansion are neglected because they are 
negligibly small in comparison with changes ın bulk density of 
the magma due to volatile exsolution The solubility constant 
s=0 0014 bar~'/* 1s taken from solubility data of water in 
Mount Hood andesite” 

Finally, we require a relationship between temperature and 
crystal content The fractional crystallization of calc-alkaline 


r " magmas ıs quite complex and varies from volcano to volcano 


Thus a unique relationship cannot be accurately formulated 
However, inspection of estimates on the eruption temperatures 
and on fractional crystallization models of calc-alkaline magmas 
suggests that 


T = 1,373 -200x (3) 


is a plausible expression“ ‘°° The results of our density calcu- 
lations are not ın fact strongly dependent on temperature and 
thus an approximate relationship such as equation (3) seems 
acceptable 

Figure 1 presents the results of bulk density calculations for 
a hydrous basalt crystallizing at 0 5, 1 5 and 3 0 kbar pressure 
with an initial temperature of 1,100 °C and zero initial crystal 
content The specific calculations presented are representative 


j ofthe general behaviour of gas-rich magmas and are similar 


í 


to the results of Eichelberger? From equation (2), the maxımum 
total weight fraction of dissolved water in a silicate melt 1s 
represented by N=SP’?=N, For N<No, the magma 1s 
initially undersaturated It continues to be undersaturated until 
the weight fraction of crystals x = 1 —(N/ No), when saturation 
first occurs During this stage the bulk density increases slightly 
as the proportion of crystals in the system increases Further 
crystallization involves exsolution of small water vapour 
bubbles and, assuming these remain suspended in the magma, 
leads to a continuously decreasing bulk density In general, if 
the total water content 1s decreased, keeping all other variables 
fixed, the density increases If the pressure 1s increased, keeping 
all other variables fixed, the density of the gas bubbles increases 
and thus so does the bulk density 

The specific calculations demonstrate that the bulk density 


~- of hydrous basaltic magma can vary as a consequence of total 


water content and substantially as a result of volatile exsolution 
The approximate densities of dry degassed magmas of the 
calc-alkaline association are indicated on the right-hand side 
of Fig 1 It follows that at 1 5 kbar, for example, oversaturated 
basaltic magma can reach the same density as dry, or even 
volatile undersaturated, andesitic, dacitic or rhyolitic magma 
This comparison of hydrous basalt densities with ‘dry’ densities 
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is merely presented to illustrate the very substantial variations 
that can occur 1n the bulk density of a fixed magma composition 
if excess volatiles are present ın the lower layer 

Even at pressures >1 5 kbar the changes can still be large 
enough to cause density inversions to occur in some magma 
chambers, although the total water contents required are at the 
high end of the range reported by Anderson’! If water contents 
between 1 and 4% are typical of calc-alkaline mafic to inter- 
mediate magmas, the density changes necessary for convective 
mixing to take place can occur in shallow-level magma 
chambers 


Geological applications 


When mafic magma ıs injected into the base of a chamber 
containing less dense, more differentiated magma, any mixing 
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Fig. 1 The bulk density of wet basaltic magma as a function of 
the weight fraction of crystals for various total weight fractions 
of water, N, at a, 0 5 kbar, b, 1 S kbar, and c, 3 Okbar 
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Fig. 2 Schematic model for a magma chamber replenished by 
an influx of hot, wet basaltic magma The four diagrams on the 
right represent close-up views at the height of the interface 
of the corresponding diagrams on the left a, The heavier magma 
of the lower layer loses heat across the interface and crystallizes 
b, The magma of the lower layer becomes saturated and further 
crystallization produces exsolution of water vapour bubbles c, 
The bulk density of the magma of the lower layer becomes equal 
to that of the overlying magma and the lower-layer magma rises 
into the upper layer d, Intimate mixing between the magmas 
results 


will initially be strongly inhibited by the density contrast A 
two-layered or multi-layered system, with a horizontal interface 
separating the recently injected hot, denser, mafic magma from 
the cooler, less dense, silicic magma above, therefore seems a 
likely precursor to any well-mixed state Subsequent crystalliz- 
ation 1s one process for producing a decrease in density of the 
lower layer In the case of picritic basalt magmas, crystallization 
of dense components, notably olivine, leads to a decrease in 
the density of the residual liquid which can be sufficient to cause 
overturning and mixing with overlying differentiated basalt®’ 
In the case of calc-alkaline magmas, changes in the density of 
the liquid composition due to crystallization alone may not be 
sufficient to result in overturn We suggest that it 1s the release 
of water vapour once the lower layer has become saturated, 
which 1s essential 

The overall process we envisage has a qualitative resemblance 
to one proposed®’ for basaltic magma chambers We suppose 
that hydrous mafic magma enters a chamber containing more 
differentiated magma, as depicted in Fig 2a This influx may 
be a consequence of tectonic activity and could possibly trigger 
an eruption?* We assume that the volume of new magma 
forming the lower layer ıs much less than that of the upper 
layer and so the evolution of the lower layer proceeds with 





little change ın the upper layer This 1s depicted quantitatively 
for the case of a dry basaltic magma chamber in Fig 7 of ref 
7 As in our previous analyses of dry basaltic systems, the 
hydrous mafic magma transfers heat through a sharp interface 
and crystallizes (Fig 2a) As crystallization proceeds, the weight 
fraction of dissolved water increases ın the residual liquid until 


the magma 1s saturated It can be shown’ *’** that the Rayleigh ` 


number of layers, even as thin as a few metres, of viscous 
andesitic magma at a temperature excess of 100°C often 
exceeds 10° Thus the convective motions will be turbulent, as 
depicted in Fig 2 

After the magma saturates, small bubbles form and, along 
with the crystals, are held in suspension by the vigorous tur- 
bulent convective velocities in the lower layer (Fig 2b) The 
bubbles remain ın suspension because the velocity of rise of 
small gas bubbles relative to quiescent fluid 1s insignificant in 
comparison with the rms turbulent vertical velocities in the 
lower layer Similar reasoning applies to the crystals, quantita- 
tive calculations for the velocities in this case are given in ref 


7 The exsolution of water vapour causes the bulk density of . 


the lower layer to decrease continually in accord with the results 
presented in Fig 1 Eventually, the bulk density may become 
equal to that in the overlying magma (which has changed by 
only an insignificant amount), whereupon overturning and 
hybridization of the magmas occur (Fig 2c, d) Further reac- 
tions involving the gas phase may be possible during the mixing 
We emphasize that we chose the simple and arbitrary chamber 
geometry depicted in Fig 2 for schematic purposes only The 
processes we have described are fundamental and would also 
occur in more complex and geometrically wregular plumbing 
systems Note that the magma in the upper layer need not be 
compositionally homogeneous, the same processes would occur 
if the upper layer were compositionally zoned, though the 
mixing would be confined to the lower parts of the system? 

Eichelberger’ proposes a different mechanism for mixing ın 
which the interface between the mafic and silicic layers vesicu- 
lates and becomes unstable This mechanism seems possible 
and 1s incorporated in Fig 2b However, the interface thickness 
can be calculated’ to be quite small, of the order of a few 
centimetres for temperature differences between layers of 
~100°C, and will thicken to only a few metres as the layers 
exchange heat Thus, while instability of a vesiculating interface 
may account for the occurrence of some mafic inclusions in 
silicic volcanic rocks, ıt cannot account for the mixing of large 
volumes of magma 

There are several further predictions which follow from the 
general model when applied directly to calc-alkaline systems 
For a given pressure the mafic magma must have a water content 
within a restricted range for the mechanism to be viable For 
example, as illustrated in Fig 15, at 1 5 kbar the total water 
content for the mafic magma to be initially undersaturated must 
be <5 4% and, assuming that a fluid model 1s applicable only 
up to a crystal content of 50%, the total water content for 
saturation to occur must be >2 8% Overturning into an upper 
rhyolitic layer of density 23 gcm7* will not occur unless the 
total water content exceeds 3 8% Ifthe upper layer of andesttic 
magma has degassed however, the total water content of the 
mafic magma needs only to exceed 30% Thus there will be 
situations in the calc-alkaline association where overturning 
cannot occur and a final compositional stratification will result 
Due to the variation of these limits on water content with 
chamber pressure, with the composition of the more differenti- 
ated magma and with the water content of the input mafic 
magma, both compositional zonation and intimate mixing could 
occur in the same magmatic system, but at different depths 
The data in Fig 1 suggest that the mechanism we propose 1s 
most easily achieved in high-level conduits and near surface 
chambers beneath volcanoes 

There are considerable viscosity variations amongst calc- 
alkaline magmas, which will result in large variations in the 
time scale of the evolution of the layers A quantitative analysis 
can be made for the heat transfer in a two-layer system’ and, 
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from equation (11a) of ref 7, the temperature and crystalliz- 
ation history of the lower layer can be predicted For basaltic 
systems the calculations suggest that the tıme taken to overturn 
can range from weeks to years depending on the initial thickness 
of the lower layer In calc-alkaline magmas, silica enrichment 
can result in increases 1n viscosity from two to more than four 
orders of magnitude over the viscosity of tholeutic basalts 
Application of the two-layer system model®’ indicates that the 
time for overturn varies directly as the cube root of the viscosity, 
and hence overturn times may be increased by factors of order 
10 or more for calc-alkaline magmas Incubation times are then 
typically years or decades For more complex layered systems, 
a similar overturn mechanism can occur’, but the thermal his- 
tory of the system cannot yet be quantified However, overturn 
times are likely to be considerably longer 

In connection with volcanic activity, we note that in a rigid 
chamber of fixed volume, exsolution of gas in the lower layer 
must result in increasing chamber pressure Blake* has shown 
that an increase of chamber pressure sufficient to exceed the 
chamber wall fracture strength can occur by influx of new 
magma of volume typically of the order of 107? of the chamber 
volume Exsolution of a gas phase 1n the lower layer will result 
In increasing chamber pressure, and thus the generation of gas 
due to crystallization could trigger an eruption For example, 
if the lower layer constitutes 5% of the total chamber volume 
and a density decrease of 0 1 gcm™* occurs due to vesiculation 
in this layer, the volume of gas will be 2 x 107° of the chamber 
volume Thus many situations can be envisaged where eruption 
could be triggered by vesiculation in the lower layer 

We also note that the mixing during overturn may produce 
reactions between the magmas and volatiles which could be 
significant in driving or triggering volcanic eruptions Vesicu- 
lated mafic magma from the lower layer will be transported 
during the mixing process to environments which, on average, 
will be lower ın temperature and pressure Further crystalliz- 
ation of the mafic magma during mixing will yield additional 
gas release The bubbles will have to expand, or alternatively 
increase their internal pressure, which will generate extra 
chamber pressure to drive magma to the surface 

Most of the convincing petrographical evidence for hybrid 
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magma in the calc-alkaline association comes from stratovol- 
canoes erupting smali-to-medium volumes of mafic to inter- 
mediate volcanic products*®'*'* In such systems stagnant 
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have undergone partial or complete degassing during previous 
periods of activity and periods of quiescence We envisage that 
this magma will become either just saturated in volatiles, or in 
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sinks back into the shallow-level reservoir Many eruptions 
from such volcanoes are envisaged to occur during ascent of 
fresh magma from depth We suggest that as new magma arrives 
in the shallow-level system, oversaturation can occur and that 
mixing will ensue between the old degassed magma and the 
new volatile-bearing magma 

There are other mechanisms which can produce magma- 
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from the crust could occur 
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An analysis ıs presented of the population dynamics of the major helminth parasites of man with the aim of understanding 
observed patterns in the age-specific prevalence and intensity of infection Mathematical models are used to investigate 
the possibility of controlling helminth diseases by mass chemotherapy, and to explore the advantages of selective treatment 


of the most heavily infected individuals in a community 


OVER 30 years ago Stoll’ noted that the major helminth infec- 
tions of man were among the most prevalent of all human 
infectious diseases Today the global picture 1s similar, and we 
still live in a very ‘wormy world’ there are roughly 1,000 mil- 


lion cases each of roundworm (Ascaris lumbricoides), pinworm 
(Enterobius vermicularis) and whipworm (Trichurts trichuria), 
over 600 million cases of hookworm (Necator americanus and 
Ancylostoma duodenale), 300 million cases of filarial infections 
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(principally Wuchereria bancrofti and Onchocerca volvulus) and 
over 200 million cases (500 million people at risk) of schis- 
tosomiasis (Schistosoma mansoni, Schistosoma haematobium, 
Schistosoma japonicum and Schistosoma mtercalatum)*° 

In contrast to most viral and bacterial diseases, helminth 
populations exhibit a remarkable degree of temporal stability 
in human communities®’ These parasite populations tend to 
be robust to perturbation, resulting from either seasonal 
changes in climate or the introduction of control measures This 
is ın part a consequence of the human host’s inability to acquire 
strong immunity to re-infection, so that helminth infections are 
persistent in character with hosts being continually re-infected 
In endemic regions of the world, a newborn child can expect 
to harbour worms for most of its life (Fig 1) 

The wide range of methods used ın attempts to control 
helminth infections include chemotherapy, improved sanitation 
and hygiene, education and (in the case of indirectly transmitted 
infections such as schistosomiasis and filariasis) vector con- 
trol’ "° New techniques, based on the use of monoclonal anti- 
bodies, raise the exciting possibility that vaccination against 
human helminths may be feasible ın the future’! Today, safe, 
effective and cheap chemotherapeutic agents are available for 
many of the major helminth infections of man (excluding the 
filarial worms)'* ** There remains, however, a need for a better 
understanding of the most cost-effective ways of delivering 
these drugs, not at the individual level, but in the community 
as a whole Among the unresolved epidemiological questions 
concerning the use of antihelmintic agents are the following 
What proportion of the population must be treated, and how 
often, to achieve a defined reduction in parasite prevalence and 
abundance? How rapidly will the parasite population return to 
its pre-control level once chemotherapy ceases? Js the selective 
treatment of the more heavily infected individuals of greater 
benefit to the community, both in terms of costs and of reducing 
the prevalence of disease symptoms, when compared with ran- 
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Fig. 1 Examples of horizontal age-prevalence data for some 
major helminth parasites of man in communities where the infec- 
tions are endemic a, A lumbricoides ın Iran’®, b, hookworm 
(both Necator and Ancylostoma) in Tarwan®™, c, T trichura m 
the Philippines”, d, S haematobium in Tanzania?’ , e, W bancrofti 
ın India? (prevalence of microfilaria carners), f, O volvulus in 
Malı? The dashed lines are fitted by eye to illustrate the general 

trends, the solid dots are observed values 
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dom or blanket chemotherapy? This article examines certain 
theoretical and observational aspects of these questions 


Population dynamics 


An understanding of the factors which regulate parasite abund- 
ance, and contribute to the observed stability of helminth popu- 
lations, is of obvious significance to the design of optimal control 
policies’* Recent attempts to extend the pioneering work of 
Macdonald can be summarized as identifying five principal 
factors controlling the observed dynamics of the major helminth 
infections of man’ 16715 

(1) The relative tıme scales on which the dynamics of the 
host and parasite populations operate These are largely deter- 
mined by the expected life spans of the human host and the 
various developmental stages of the parasite The human host 
typically has a life span an order of magnitude or more in excess 
of any of the parasitic stages (Table 1a) For example, the adult 
worms in the human host have life spans of 1-16 yr depending 
on the species of parasite Note, however, that measurement 
of this parameter 1s difficult ın practice and hence the values 
in Table la are only approximations Free-living infective 
stages plus infected vectors have much shorter life expectancies 
than those of the adult parasites These empirical observations 
enable certain simplifications to be made ın the analysis of 
parasite population behaviour, without any serious loss of detail 
or accuracy’ '*’” Given the information in Table 1a, we can 
examine the dynamics of the adult parasites under the assump- 
tions that the host population is effectively constant in size on 
a time scale appropriate to changes 1n adult parasite population 
size and that the populations of the infective stages (or vectors) 
are essentially at equilibrium due to the rapidity with which 
changes ın these populations occur when compared with those 
in the adult worm populations‘* '° 

(2) The regulation of parasite population growth in the human 
host Although man 1s unable to develop an effective protective 
immunity to re-infection, he can mount immunological and 
nonspecific responses to the invasion of helminth parasites, 
which act in conjunction with resource limitation to reduce 
worm survival, establishment and fecundity in a manner that 
depends on the density of parasites in the host (refs 19, 20, 
Fig 2) These density-dependent responses are the major regu- 
latory mechanisms controlling the growth of the total parasite 
population in any human community The net severity of these 
constraints ın the host population depends critically on the 
Statistical distribution of worm numbers per host??? 

(3) Worm distributions these are typically highly aggre- 
gated?’ ****, with the majority of worms being harboured by a 
minority of the human population The generative mechanisms 
of such patterns are many and varied but include genetic, spatial 
and behavioural factors The negative binomial probability 
distribution has proved to be a good empirical model for ob- 
served patterns, this distribution 1s defined by two parameters, 
the mean worm burden per host, M, and a parameter, k, which 
varies inversely with the degree of parasite aggregation Obser- 
ved k values are very small, and it ıs not unusual for >65% 
of the worm population to be harboured by <15% of the human 
community (Table 1b) This high degree of contagion enhances 
the severity of density-dependent constraints on parasite popu- 
lation growth” 

(4) The reproductive biology of the parasite The major 
human helminths are dioecious and the production of trans- 
mission stages therefore depends on the probability that a 
female worm is mated This probability is a function of the 
statistical distribution of parasite numbers per host, there exists 
a critical average worm burden, termed the breakpoint, below 
which mating frequency is too low to maintain the para- 
site’ 7732$ The precise level of this breakpoint 1s ın part deter- 
mined by the degree of worm contagion in the human popula- 
tion Recent studies of Ascaris and hookworm infections’ '°, 
both of whose distributions tend to be highly aggregated in 
human populations, suggest that the breakpoint 1s typically very 
low--of the order of 0 3-0 5 worms per host Mating prob- 
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abilities thus seem to be of limited significance to the overall 
population stability of helminth parasites, and the breakpoint 
concept therefore appears to have little practical significance 
for disease control’ ' 

(5) The reproductive or transmission potential of the parasite 
The basic reproductive rate, Ro, 1s used to measure this potential 
and is defined as the average number of female offspring pro- 
duced throughout the lifetime of a mature female parasite which 
themselves achieve reproductive maturity, in the absence of 
density-dependent constraints’ *°*°*? If the parasite popula- 
tion reaches a steady state (stable endemic disease) the effective 
reproductive rate, R, 1s equal to unity, ın other words, each 
female parasite exactly replaces herself ın the next generation 
Ro has recently been estimated for several helminth infections 
in different regions of the world’ '°**, these estimates typically 
lie in the range 1—5 and are generally lower than those recorded 
for many viral, bacterial and protozoan infections of man”? *° 7° 
(Table 1c) The condition Ro = 1 defines a transmission thresh- 
old below which the parasite ıs unable to maintain itself ın the 
human population’ *°*° The value of Ry 1s determined by many 
individual components representing the birth, death and trans- 
mission rates of the various developmental stages in the para- 
sites’ life cycle Estimates of Ro, however, can be obtained 
directly from epidemiological data recording the prevalence 
and intensity of infection in different age classes of the host 
population The parameter Ro, in conjunction with the life 
expectancy of the adult parasite, A, the degree of worm aggre- 
gation, k, and the severity of density-dependent constraints on 
worm population growth, z, acts to determine the average 
intensity, M*, and prevalence, P*, of infection at equilibrium 
in a given community 


Mathematical models 


It follows from the relative time scales recorded in Table la 
that a description of the temporal dynamics of parasite popula- 
tion growth can be given ın terms of one variable, M(t), the 
mean adult worm abundance per host at time t '*'° Assuming 
the parasites to be distributed in a negative binomial manner 
in the human population, with clumping parameter, k, the 
dynamics of infection by helminths ın any defined human com- 





Table 1 Characteristics of the population biologies of human helminth parasites 


a, Time scales Life expectancy 


Adult Infective 
parasite stage or 
Man un man intermediate 

Parasite (yr) (yr) host Ref 

A lumbricoides 40-60 1-2 1-3 months 16 
(egg) 
T ftrichurta 40-60 2-3 1~2 months 8 
(egg) 
N americanus 40-60 2-4 3-10 days 7 
(L, larvae) 
S mansoni 40-60 3-4 3-6 weeks 55, 56 
(infected snail) 
O volvulus 40-60 8-14 1~3 weeks 8, 28, 57 
(arthropod vector) 
W bancrofti 40-60 12-16 1~2 weeks 8, 58 
(arthropod vector} 
b, Degree of aggregation of adult parasites in the human population, k 
Geographical 

Parasite location k* Ref 
A lumbricoides Iran 02-29 16 
N americanus India 0 03-0 6 7 
N americanus and Taiwan 0 05-0 4 7 
A duodenale 
S$ mansoni Brazil 0 03-0 5 59 
c, Basic reproductive rate, Ry 

Geographical 

Parasite location Ro Ref 
O volvulus Sudan §~35 28 
A lumbricoides Iran 4~5 16 
N americanus India 2-3 7 
S mansoni Brazil 1~2 59 


* (k, An inverse measure of aggregation ) 
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Fig 2 Examples of the decline in worm fecundity (in terms of 
egg output) as the burden of parasites in the human host increases 
(density-dependent egg production) @, Observed values, —, 
best-fit power or exponential models a, N americanus (data from 
ref 63) The solid. hne denotes the best-fit exponential model of 
the form y=de ” where y ıs the egg output per female worm 
per day, : 1s worm burden per host, and â and É are constants 
with values @=48x10°, b=073x10° (r?=07) b, Mixed 
infections of N americanus and A duodenale (data from ref 64) 
The solid line denotes the best-fit exponential, model, as defined 
for a, with parameter values d=10 3x 10°, b=0 7x10? (r= 
07) c, A lumbricoides (data from ref 16) The solid line denotes 
the best-fit power model of the form y = ar” where y and 1 are 
as defined for a, and | Āā and b are constants with values a= 
90x10? ,b=-06 (r? =0 9) d, S mansoni (data from refs 59, 
65) The solid lines denote the best-fit power model as defined 
for c with parameter values @ = 38 4, b = —0 36 (r*=0 7) 


munity may be described by a single differential equation for 
M(t), of the general form 


dM/dt = (M/A) LRof(M,k,z)— 1] (1) 


Ro, A and k are as defined above, z 1s an inverse measure of 
the severity of density dependence (see Fig 2) while f denotes 
the net force of these constraints acting on parasite population 
growth in an individual host For example, ın ascariasis, density- 
dependent processes seem to act mainly on worm fecundity”®, 
such that, within a given host, the rate of egg production per 
female worm decays approximately exponentially as worm bur- 
den increases (Fig 2) This gives 


f(M,k,z)=[1+(1-z)M/k] (2) 


and the equilibrium average worm burden, M™, and prevalence, 
P*, are given by 


M*=[Ro/8""—1)[k/(1—z)] (3) 
p*=1-[1+M*/k}* (4) 


If density-dependent constraints severely restrict worm 
fecundity the hosts with the maximum egg output may not 


and 
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Fig. 3 The fit of the model defined by equations (8) and (9) in 
the text to data of the epidemiology of A lumbricoides ın Iran 
(data from ref 16) @, Observed values, —, model predictions 
a, c, Rise in the average worm burden and prevalence of infection, 
respectively, with host age The data were collected by means of 
a horizontal epidemiological survey’ b, d Show, respectively, 
the increase in parasite intensity and prevalence with time in a 
sample of people who were cleared of worms by antihelmintic 
treatment at time :=0 Note the rapidity with which both the 
average worm burden and prevalence approach their pre-control 
levels (indicated by the plateau levels in a, c) Estimates of the 
parameters of the model [equations (8), (9)] are as follows Rp = 
43,M*=22,A=1y,z=096,k=057 The density-dependent 
function, f, used in the model was as defined in equation (2) and 
the parameter values listed above were used to make the predic- 
tions in all four graphs, a-d 


necessarily harbour the maximum parasite burden However, 
given the typical maximum worm burdens recorded in human 
communities, the observed patterns of density-dependent 
fecundity (Fig 2) suggest that such situations are unlikely to 
arise in practice The qualitative dynamical behaviour of the 
model defined ın equation (1) ıs independent of the precise 
form of function f The quantitative properties, however, will 
depend on whether density-dependent processes act on worm 
fecundity, survival or establishment, or any combination of 
these Human helminth fecundity 1s invariably density depen- 
dent (see Fig 2) but information on survival and estabhshment 
is extremely limited, and practically difficult to obtain 

Equation (1) may be used to approximate the dynamics not 
only of directly transmitted infections (such as Ascaris), but 
also of indirectly transmitted ones (such as Schistosoma) since 
the parameter Ry represents the appropriate combination of 
transmisston factors for the complete life cycle of any given 
parasite species’ '*'° 783! The epidemiological data most com- 
monly available are from horizontal and longitudinal studies 
of age-prevalence and age-intensity relationships” The model 
can be extended to describe the way the mean worm burden, 
M(t,a), changes with tıme, (longitudinal changes), and host age, 
a (horizontal changes)?’ 


dM/at+aM/da = A(t)-M/A (5) 


The function A(f) 1s defined for notational convenience as 
A(t)=(Ro/AL) | Ma) Mita) fMkz)da (6) 
0 


where /(a) 1s the probability that a host survives to age a and 
L denotes human hfe expectancy (L= f; [(a) da) For human 
communities in which the prevalence and average intensity of 
infection have remained relatively constant with time (where 
dM/ést=0), equation (5) reduces to a simple differential 
equation for the change in average worm burden, M(a), with 
host age, in this equation, A ts a constant defined by equation 
(6) with M(t,a) replaced by M(a) For endemic infections of 
Ascaris and hookworm, the average worm burden rises rapidly 
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as host age increases to reach a plateau such that the mean 
worm burden, M (a), 1n the majority of age classes is essentially 
equal to the mean worm burden of the total population [the 
M* of equation (3)], consequently, a good estimate of A is 
given by 

A z (RoM*/A) f(M*,k,z) (7) 


It 1s here assumed that the distribution of parasites in the entire 
community (consisting of all age classes) remains approximately 
negative binomial in form with mean M* and clumping para- 
meter k The precise overall distribution will generally be 
formed from a mixture of negative binomial distributions (one 
for each age class) as a consequence of age-dependent human 
mortality and differences in exposure to infection** The use of 
a common aggregation parameter for the entire community, 
however, remains a good approximation provided parasite life 
expectancy is short ın relation to that of man” Available 
empirical evidence suggests that the negative binomial distribu- 
tion remains a reasonable empirical model of hookworm and 
roundworm numbers per host even when a sample consists of 
a mixture of individuals from different host age classes’ '°** 

In this limiting case of steady infection, when ðM (t,0)/ar = 0, 
the appropriately simplified form of equation (5) yields an 
age~intensity relationship of the form 


M(a)=AA[1—-e774] (8) 


Here A 1s given by equation (7) The predicted age~prevalence 
curve (the proportion of each age class infected) then follows as 


P(a)=1-[1+M(a)}/ kf" (9) 


Equations (8) and (9) can be used to obtain estimates of A, A 
and R [using equation (7)] from observed age—prevalence and 
age~intensity data’ '® 78 35 

We have assumed that the net rate of infection, A, is indepen- 
dent of host age and depends only on the average number of 
transmission stages present ın the host’s environments This 1s 
often the case for infections such as Ascaris’*, but in many 
instances, A varies with age as a result of changes ın the contact 
rate with infective stages (or infected vectors), the severity of 
density-dependent factors (mediated by age-related changes ın 
host resistance to infection) or the degree of worm contagion 
in different age classes of the population’ ***' For schistosome 
and filarial infections, age-related changes in acquired resist- 
ance and contact with infection are known to be important, 
although much controversy still surrounds their relative 
significance’® *° (Fig 1) 

The model defined in equations (8) and (9) can provide an 
accurate description of observed trends’® Figure 3 presents 
data pertaining to the epidemiology of Ascaris ın Iran The 
model can be seen to mimic changes both in the observed 
horizontal trends of intensity and prevalence in different age 
classes of the population (Fig 3a, b) and in the re-infection 
with time of individuals who were given a single treatment with 
a chemotherapeutic agent 


Control by chemotherapy 


Effective and safe antihelmintic agents are available for the 
treatment of most major helminth infections of man’? ?’*8, 
including mebendazole® *°*°°°*’ (for enterobiasis, ascariasis 
and trichuriasis), pyrantel pamoate® (for ascariasis, enterobiasis, 
trichuriasis and hookworm), levamisole*°*’ (for ascariasis), 
bephenium hydroxynaphthoate® (for Ancylostoma) and the 
recently developed praziquantel**“** (for schistosomiasis) 
However, questions concerning the best way to use these drugs 
for the benefit of the community rather than the individual 
remain to be answered’? The above models can be adapted to 
examine these issues we focus first on the long-term effects of 
the use of mass chemotherapy and, second, on the selective 
treatment of the most heavily infected individuals m a com- 
munity 

Mass chemotherapy in the long term. When a drug 1s 
administered randomly within a population by treating a pro- 


he community per unit of time and the drug has 


(where h represents the average proportion of 
1 burden killed by a single, or short course of treat- 
he resulting increase in the per capita death rate of 


parasitic worms, c, is then 
(2 Ain en} (10) 


subtracting the net death rate due to treatment, cM, from 


7.16 


Fig. 4 Two three-dimensional graphs obtained by the numerical 
solution of the partial differential equation defined in equation 
(5). The simulations are designed to mimic the dynamics of 
endemic ascarasis in a human community, both with time and in 
different age classes of the population. a, Changes.in the average 
worm burden; b, changes in prevalence. For the first 10 yr the 
helminth infection is at its endemic equilibrium (with M* in the 


l ae older age classes set at 22 worms per host). In year 10, mass 
chemotherapy is initiated and applied randomly in the community 
On a continual basis where 20% of the population is treated each 


_ month (g = 0.25 per month) with a drug of 95% efficacy (A = 0.95). 
‘After 10 yr the treatment is stopped and the graphs display the 
sturn of the parasite population to its pre-control equilibrium 

: The human survivorship function, /(a), was chosen to mimic 

ical patterns in the developing world with a life expectancy, L, 
50.yr. The density-dependent function f was as defined in 
quation (2) and the remaining parameters of the mode! were set 
the following values: Ro =4.3, k =0.57, 7 =0.96, A=1yr. 
Note the rapidity with which the infection returns to its pre-control 
level once chemotherapy ceases and the differential impact of 
control on the average worm burden, M (fa), and the prevalence 


~ the right hand side of equation (1), | the average wor. 


M, at the new equilibrium established by the control 
gramme can be shown to be | 


M = k([Ro/[1—A In (1 ~ gh)]}"“"""— 1)/(1-z) 


It is assumed that density-dependent constraints act in th 
manner defined in equation (2); other assumptions give simila 
results. To eradicate the infection the effective reproductiv 
rate R (the basic reproductive rate, Ro, modified by the action 
of chemotherapy) must be reduced below unity. To achieve: 
this, the proportion treated per unit of time must be greater 
than a critical value, ¢ (ref. 7): 


g=(1—exp[(1—Ro)/A)/h (12) 


Even when g > g treatment must be continued for a period 
of time greater than the maximum life span of the adult worm. _ 
If treatment ceases before the average worm burden is below’. 
the breakpoint (which, unfortunately, we have seen is usually” 
close to zero worms per host), the parasite population will 
rapidly return to its pre-control level (the speed of return 
depends on the values of R, and A). For helminths, however, 
eradication is not always a practical goal, and control policies 
are more often oriented to the elimination of disease rather. 
than of infection because the two are not necessarily. 
equival e pt? $4546.68 k a 

The model defined in equation (5) can be used to examine 
the impact of a defined programme of chemotherapy on the 
prevalence and intensity of infection both with time and im 
different age classes of the population (Fig. 4). The numerical 
results shown in Fig. 4 mimic the dynamics of endemic Ascaris 
and illustrate two important points—the rapidity with which- 
certain helminth infections return to their pre-control level once » 
chemotherapy ceases*’, and the differential impact of antihel- 
mintic treatment on the prevalence and intensity of infection. 
Simply monitoring prevalence may lead to the incorect con- 
clusion that control measures have little impact on parasite- 
abundance. The principal advantage of these models is tha 
(given estimates of parameters Ro, A, k and z) they can be 
used to predict quantitatively the outcome of a defined pro- 
gramme of chemotherapy and to define the level of treatmen 
required for eradication. | 

Single applications of mass chemotherapy. Antihelmintic 
drugs are often used intensively over short periods of time to. 
reduce the prevalence of disease symptoms in a community... 
Frequently, such applications are given at irregular intervals 
with long time periods between successive treatments. The 
objectives are to maximize the short-term benefits and minimize » 
the number of treatments (and hence cost). In 1924, Smillie 
argued that the optimum way to apply mass chemotherapy was 
selectively to treat the most heavily infected individuals; Warren | 
has recently re-opened this debate***” 


*1,69 A major disadvan- 
tage of this strategy can be the extra cost involved in identifying ` 
the most heavily infected individuals; in practical terms this can _- 
be done either by faecal egg, urine egg or blood larval counts, 
or by noting the occurrence of clinical symptoms of disease. 
Conversely, there are advantages in targeted treatment if the 
drug has side effects, or if there are any worries about the 
evolution of drug resistant strains of the parasite”. a 
We can use our models to calculate the proportional reduc- 
tion achieved by mass chemotherapy, in quantities such as the- 
average worm burden, the prevalence and the average egg 
output. We denote the levels of these parameters before control - 
as M*, P* and E* respectively and define the probability that- 
an individual harbours į parasites as p(/), and that he receives 
treatment as g(/), where | 


g(i)=al1-(1—a) ee] (13) 


a and a (both<1) are constants defining the upper and lower 
bounds on g(/), respectively, while J is a measure of the sele 
tivity of the treatment. For example if J =40, ~60% of 
individuals with 40 worms receive drug treatment. A continuo 
function for g{/) is more realistic than a step function, as; 
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Fig. 5 The impact of selective chemotherapy on the E 
‘reduction in mean worm burden, AM/M*, the prevalence of infection, 
.P/ P*, and the average egg output per host, AE/E*.a, b, Relationships 
yetween the proportional reduction in average worm burden immedi- 
tely after a single mass treatment in a community jn relation to a, the 
roportion of the population treated, g, and b, the degree of selectivity 
n treatment, J, where the selective function is as defined by equation 
13), for various assumptions about the distribution of worms in the 
1uman population (that is, various values of the negative binomial 
lumping parameter, k). The relationships in a and b were calculated 
using equation (14) with the following parameter values: M * = 40, 
= 40, a=0, a=1, h=0.95 and k=0.5 (in b}. < and d, f and e 
ow, respectively, similar relationships for the proportional reductions 
n prevalence and average egg output. The proportional reduction 
n prevalence, AP/P* is defined by the relationships AP/P* = 
adil, M", k)/[1-(1 +(M*/k)) E] where JU, M*, us hee Oat =h) 
(M*/ kk) —~(1-a)fi+(-y) (M*/k)}* -all +(M*/k))” *) and 
y= h exp (—1/1). The parameter values for d and c are as defined for 
ond | b. The REAA e On in Petes egg les a E", ue IS 


iconiina hi is set at uhit}: 


“practice there is always considerable uncertainty about the 
“worm burden harboured by any given individual. The propor- 
tional reduction in the average worm burden, AM/M™ [where 
AM=h Lived ip(i)g(i)], achieved by treating a proportion g 
i [where =$ y g(Dp(li)] of the total population with aclecivily 
-Tis given by 


GU, M*,k) 
H(I, M*, k) 


where h, M* and k are as defined earlier. The functions G and 
H are defined as 


G M*,k)=[1-2(1 - afiti- ~ F) (M*/ kY] 


AM/M* = gh (14) 


(15) 





and | 
HL M*, k)=[1 -0 = [1 +0 = 2) (M/E 6) 
where ê = exp(- 1/J). : 
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of worm clumping it in the human “popelauon. Three points 
emerge from this analysis. | ee: 
(1) Selective treatment is highly beneficial: (in terms of the OBE 
number of treatments administered), provided the worms are 
highly clumped in their distribution in the host population (in 
practice this is indeed the case; see Table 2h). For example, in 
the case shown in Fig. 5a, where the selectivity index is set at 
40 worms per host, a 50% reduction in average worm burden 
(M* = 40) is achieved by treating 8% of the population when 
the worms are highly clumped (k = 0.05), while 52% of the- 
population must be treated to achieve the same result when = __ 
the parasites are randomly distributed (k>00). (2) There is __ 
little benefit to be gained from being too selective (Fig. 5b, d, 
f). This is fortuitous since it would be difficult in practice. to 
distinguish between individuals who carried say 50 or 75 worms. _ 
(3) Of all the three epidemiological variables considered in Fig. 
5, selective treatment has the least effect on prevalence. The. 
proportional reduction in prevalence declines as the selectivity om 
index, J, increases (Fig. 5d). eae 
The principle conclusion of this analysis is that, despite the _ 
extra cost involved in identifying heavily infected individuals, 
very substantial benefits may be gained from selective treat- 
ment, in terms of reducing both the abundance of the parasite ` 
(and hence, in general, the frequency of disease symptoms) and | 
the number of treatments administered. This is primarily a 
consequence of the highly clumped nature of helminth distribu 
tions in human communities. The analysis is most applicab 
to the control of gut-dwelling helminths, For filarial infection 
a reduction in worm burden (and hence transmission) may have 
no short-term impact on disease prevalence as.a result of the 
permanent damage (such as blindness) induced by heavy infec- 
tions before control. An added problem in the case of tissue- 
dwelling helminths is that drug-induced parasite mortality may __ 
have toxic side effects in those: individuals harbouring. heavy 
worm burdens. 






























Control by vaccination 


Although vaccines against helminth inféstions are not eave 
at present''**, we briefly consider the potential benefits to be 
gained, at the community level, from their development a 
use. If a safe and effective vaccine is developed, giving protec 
tion for an average period of v years, then the proportion. o 
the population, p, that must be immunized per unit of time. 
reduce R below unity must exceed a critical value p: — 


p=[1-(1/Ro)]o (17) 


For example, if the vaccine gives life protection against a 
helminth infection with an Ro value of 3 (appropriate for 
hookworm in endemic areas, see Table 2), it would be necessary 
to protect 67% of the community by a single vaccination (or = 
course of vaccination) in infancy. However, if the vaccine only ~ 
gives protection for a few. years, then a large proportion of the = 
population must be repeatedly immunized to sustain the 
necessary level of herd immunity for community protection. 
The relative merits of this type of vaccine when compared with 
cheap antihelmintic agents will therefore depend critically on 
cost factors since both forms of treatment will have to be 
administered repeatedly. 


Conclusions 


A major priority for the community. control 1 of infectious dis- 
eases is clearly the development: of safe, effective and cheap. 
agents (whether drugs or vaccines) to protect the individuals 
most at risk. These goals have been largely achieved for many 
of the common infectious diseases and yet they remain endemic 
throughout large regions of the world*”. In the less developed 

he availability of resources for. primary health care 




















cs of the duce agent has a al role 


eld of research?*"°>?,_ 
n helminth infections are good examples of the dis- 
etween our knowledge of how to treat an individual 
‘to control the infection in a community. The present 
is suggests that it is possible to determine, in quantitative 
the level of antihelmintic treatment required in the 
smmunity either to suppress parasite abundance to a defined 
level {to eliminate disease symptoms) or to eradicate the infec- 
tion. More important, given the limitation of resources in areas 
_. where such infections are endemic, the analysis indicates that 
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Structure of the expanded state of 
= tomato bushy stunt virus 
I. K. Robinson & S. C. Harrison 


Gibbs Laboratory, Harvard University, Cambridge, Massachusetts 02138, USA 


ce The full three-dimensional structure determination of tomato bushy stunt virus has shown how its protein subunit can. 


ce accommodate to different packing environments in the viral coat and how the size of the particle is nonetheless determined 


without ambiguity. Reversible, cooperative expansion of the virus at pH values above neutrality and in the absence of 
divalent cation requires further bonding alternatives for the subunit. We report here the structure of the expanded tomato 
ui hy stunt virus particle, determined at 8 A resolution by X-ray crystallography. Subunit conformational changes are 

and folded domains are essentially invariant. The bonding properties of the subunit can account for controlled 


| m of the assembly. 


u hy stunt virus (TBSV) particle comprises a 
NA (molecular weight (Mà 1.5 10°) and 
0,000 M, coat protein’. The subunits of the 

na T= 3 icosahedral lattice? as shown in 
rystal sti ucture analysis: hasr revealed 


the positions of all amino-acid residues in the C-terminal 759 
of the protein chains; these form a shell having inner and ou 
radii of 110 and 170 A. The N-terminal parts of the prot 
subunits and the whole of the RNA are invisible in the i 1COS 


aray averaged, | high-resolution: electron density: maps z 






















three ‘quasi-equivalent’ environments by differences in confor- 
mation of certain side chains on their surfaces and, more 
dramatically, by the ordered folding of 35 residues at the 
N-terminal end of the 60 C-position S-domains. These 35 
residues form the so-called ‘extended arm’ and ‘B-annulus””. 
The A- and B-position S-domains make an extensive contact 
_ with each other, which is broken in C positions by interposition 
-of the arm. Distal residues of the arm interdigitate with corre- 
__ sponding residues of two other C subunits to form the B-annull. 
“A coherent internal scaffold is thereby created, which precisely 
determines the curvature and size of the virus particle. 

The second domain, called ‘P’, forms strong dimers that lie 
‘on the 2-fold and quasi-2-fold axes of the constellation of 
§-domains. These dimers project to the outer radius of 170 A 
and are clearly visible in electron micrographs of the virus“. 
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Fig. 1 Architecture of the TBSV particle as determined by high- 
- resolution X-ray structure analysis, and model of its expansion. 
a, Stellated pentagonal dodecahedron showing the definition of 
the icosahedral asymmetric unit (highlighted) as the spherical 

<> sector lying between a 5-fold and two adjacent 3-fold axes. The 
-=> viral shell consists of 60 of these identical units. b, Schematic 
_ diagram showing: the packing of three quasi-equivalent TBSV 
< protein subunits in the icosahedral asymmetric unit, denoted A, 
_ Band C.c, Approximate shape of the C-position subunit, showing 
the two domains, denoted ‘S’ (surface) and ‘P’ (projecting), con- 
- nected by a polypeptide hinge, h. The N-terminal arm, a, is ordered 
“only in the C-position subunit and. disordered. in A and B. d, 
Parameterization of the model of the expansion of the S-domains. 
“A translation, x, parallel to the symmetry axis and a rotation, a, 
“about that axis is the most general description. The B- and C- 


parameter definitions. . 





domain, shown in Fig. 1b, are denoted A, B and C. They have i 
identical folding of their polypeptide backbone, but adjust to _ 


‘TBSV and many other related viruses undergo a structural 
‘phase transition in solution that is controlled primarily by pH 
and divalent cation concentration. The phenomenon was first 
sbserved in bromegrass mosaic virus (BMV) by Incardona and- 
‘aesberg’ using various physicochemical techniques. These all 
ave results consistent with a model in which the particle mass 
was conserved and the hydrodynamic radius increased by l 
10%. For this reason we will refer to it as ‘expansion’ of the. 


BMV exhibits an anomalous titration of two protons per 
bunit associated with the phase transition at pH 6.7. This has 
seen interpreted"” as due to formation of hydrogen bonds 


‘position domains are assumed to retain their contacts about the | 
-3-fold axis and so are described by the same parameter pair. e, 
‘Parameterization of the P-domain expansion. The AB P-domain — 
‘dimer is unconstrained by the particle symmetry, and so has - 
the full six parameters of a rigid body transformation. Spherical 
` ¿polar coordinates are used for compatibility with the other — 





Fig. 2 A section of the 12 A difference Fourier for the PtCl, 
derivative, located 132 A from the particle centre. Phases for this 
map were derived from the best three-parameter model and 
refined by symmetry averaging. The larger triangle denotes the 
boundary of the icosahedral asymmetric unit and the symbol © 
denotes the refined atomic positions. The quasi-symmetry of these - 
site positions is clearly apparent. Superimposed on the same scale 
are the refined platinum positions for the compact virus (©), which - 
lie at a radius of ~116 A, and the size of the icosahedral asym- 
metric unit at that radius (smaller triangle). The vector joining 
the platinum position in the compact virus to that of the expanded - 
virus is an accurate measure of the displacement of the subunit = 
to which the atom is bound. | 








between apposed carboxylic acid groups. Divalent cations, 
known to inhibit the expansion of BMV, would displace the ~ 
hydrogen bonds in favour of ionic links stable at all pH values, -` 
Native preparations of TBSV have two bound, EDTA-chelat- = 
able ions per subunit (probably both calcium) which must be | 
removed before expansion can be observed". Once free of- 
these ions, the virus expands reversibly when the pH is raised 
above 7.0; the transition seems to be characterized by some 
hysteresis, which is most easily followed by changes in th 
solution X-ray scattering. The location and structure of th 
cation binding sites'’ are consistent with the mechanism just 
described: five aspartate side chains, contributed by each p 
of adjacent $-domains in the trimer of Fig. 16, are involved | 
the binding of the two ions. When charged at high pH, these. 
aspartates repel each other and destabilize the inter-domain - 
contact. This interface is therefore likely to be the one broken 
to permit expansion. 

Examination of the relative extent of various contacts 
between S-domains in the high-resolution structure*"’ led to a 
model for expansion, shown in Fig. 1d. This model assumed 
that the virus retained its icosahedral symmetry and that: the 
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ystalline order to ~7 A resolution. 


group is C2, with cell constants a = 546,3 A, b = 

c = 383.4 A and 6 =134.0°. The crystallographic 

unit contains one half of a virus particle, so there 

ld. non-crystallographic symmetry, which can be 

ed for refinement of phases’. The particle position 

the unit cell is defined in this space group with the 

option of the particle orientation angle about the 2-fold axis, 

tred to as 6, which must be determined experimentally; an 

additional parameter must therefore be added to the model 
description of the expanded virus in the crystals. 

_ Data were collected by oscillation photography" for native 


 erystals as well as PtCl7 and ethyl mercury thiosalicylate 
_. (EMTS) heavy-atom derivatives. These heavy-atom reagents 
were similar to those used in the structure determination of the 


compact virus’, in the hope that the same sites would be 


__ labelled and a direct comparison of coordinates could be made. 


The data quality deteriorated sharply with resolution, and only 
eflections in the range 8-35 A were considered usable, Table 
[a summarizes native and derivative data collection. Com- 

rison of Wilson plots for data from the compact and expanded 

rms of the virus indicated that the absence of high-resolution 

r the latter was well modelled by gaussian disorder, with 
mperature factor’ of 340 A’. 

ng values of the model parameters were obtained by 

1g the packing of the expanded virus particles into the 

tal unit cell. These were used to compute a predicted 

jiffraction pattern, which was compared with the observed 

pattern by calculating an R-factor for agreement of scaled 

‘intensities. The model parameters were adjusted until the R- 

actor was minimized. A value of R=0.52 was obtained for 

2-A, significantly lower than the value of 0.59 obtained by 

1g sets of uncorrelated intensities. A more detailed 
of this critical step and of the rest of the structure 
ination will be published elsewhere. 
calculated from the best model were applied to the 
ved structure facors to 12 A resolution and subjected to 
ent by non-crystallographic symmetry averaging'*. The 
ctor for comparison of symmetry-averaged and observed 
ntensities was reduced to 0.38 in six cycles (12 A data) and 
he phases on average moved by 55°. : 

To confirm the validity of the phasing and to extend its 
resolution, heavy-atom difference maps were calculated for 
both derivatives using the refined 12 A phases. An example is 
‘shown in Fig. 2. Sites corresponding to the three platinum 


positions’ were unambiguously identified. Th 


were refined by conventional methods’. The a priori ass 
tions of rigid-body domain motion and conservation of hex 
and pentamer subunit contacts were supported by the findi 
that the positions of the S-domain heavy-atom sites were self- 
consistent to within 2A (Table 1b). The refined positions 
allowed a considerably more precise set of model parameters 
to be derived directly. o 
The three steps of model-building, R-factor minimization 
and non-crystallographic symmetry phase refinement were then - 
repeated to extend the phasing to the full 8 A data set. The’ 
refined heavy-atom occupancies at 8 A were unchanged from | 


their values at 12 A (Table 1b), indicating the absence of 


significant deviations. from icosahedral symmetry. Fourier 
analysis of the best model gave an R-factor of 0.46 with all the 
observed data. Phase refinement brought this value down to 
0.43; the lack of dramatic improvement here indicates that the 
model description is a good one and reflects the poorer quality — 
of the higher-resolution data. Electron density maps were pre- 
pared with dots superimposed for every amino acid residue of 
the model structure. Corresponding 8 A maps of the compact — 
structure with an imposed 340 A” ‘temperature factor’ were- 

also prepared for comparison. a 


Interpretation of electron density | 
The successful refinement and correct determination of heavy- 
atom positions confirm our assumption that tertiary structure 
in each domain is conserved, with conformational changes 
restricted to localized flexible regions. The displacements and 
rotations generated by these local flexions are described by the 
refined model parameters in Table 2. A striking aspect of the 
expanded state is the appearance of a branched opening 80 A 
long and large enough for a 20 A sphere to pass through each 
of the 60 faces; this is seen in Fig. 3, and an overall view o 

the icosahedral asymmetric unit is shown in Fig. 4a. The P 

domains are rotated by relatively large angles, 30° in the Al 

case and 103° for the CC dimer. This latter value is so great 
that the actual direction of the rotation is ambiguous; th 

clockwise direction is chosen on the basis of a more reasonable 
conformation of the hinge. To accommodate these rotations. 
and to bridge the gap between the domains, it is necessary to 
postulate a new ‘expansion hinge’, several residues long, to the 
N-terminal side of the hinge associated with the quasi- 
symmetry’. We have thus seen four distinct states of the linkage: 


Pictorial view of the expansion of TBSV. The compact particle is on the left. Note the appearance of the inter-subunit opening and r : 
tion of the projecting domains in the expanded virus on the right. (This figure was prepared by A. J. Olson using a modified form of © 
ee ee a the PLUTO program of S. Motherwell.) l wt 
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“region between S- and P-domains: in A/B and in C positions 
in each of the compact and expanded particles. 

The refined expansion parameters and the known high-resol- 
ution structures of the individual domains define an accurate 
¿model of the expanded virus. Use of this model greatly facili- 
tated further interpretation of the refined electron density. Even 
-though the resolution was not sufficient to distinguish individual 
_ Strands of protein, the fit of model to density was good enough 
for small changes from the model to be detected reliably. 
< The extended arm, which is ordered in C-position S-domains 
but not in A or B, is conserved in the expanded virus, as is the 
‘B-annulus. The latter feature is much stronger in the expanded 
‘form, it appears ordered for several residues further into the 
‘interior of the virus. The function of the C-position arm and 
the B-annulus is to determine the size of the virus during 
--assembly*"'. Conservation of these features in the expanded 
“State is consistent with their fundamental role in establishing 
structural coherence. i 
- The contact between the four-stranded B-sheets at the base 
of the A- and B-position S-domains is sheared apart by the 
expansion, as shown in Fig. 4b and c. A very distinct bulge of 
new density lies beside the first strand in both the A and B 
-positions of the expanded state. This seems to be additional 
ordered protein at the N-terminus of the domain, and we 
























with a displacement of ~10 A 








Fig. 4 Electron density maps at 8 A resol- 
ution and their interpretation. Dots are 
superimposed for each amino acid in the best- . 
fitting model of the expanded virus, The grid 
is 10 A square. a, Overall view of the icosahe- 
dral asymmetric unit of expanded TBSV in 
the S-domain region. The opening is clearly 
visible between the domains. An impression 
of the quality of the map can be obtained 
from the fit of model to density and from the 
noise level in the solvent regions. 6, The 
contact between the A and B position $S- 
domains of the compact structure. The 
residue marked 'X’ in each subunit is the first 
residue to be included at the N-terminus of 
the model. This part of the structure contains 
a four-strand antiparallel 8-sheet extending 
across the base of the domain. c, The corre- 
sponding region of the expanded structure in 
which the two domains are shifted past 
each other by 14 A. There is clear density 
immediately preceding residue X which can 
be interpreted as an ordering of the arm. d, 
Interpretation of the new electron density as 
an additional strand of 8-sheet that forms a 
clamp between the subunits. 

















suggest the interpretation of Fig. 4d. About six residues immedi- 
ately N-terminal to the A and B position, S-domains of the 
compact structure become ordered in the expanded state, 
extending the first strand of each -sheet and forming hydrogen 
bonds with residues of the opposite subunit. This interaction 
would create a single large sheet extending across the inner 
surface of both S-domains (Fig. 5). The density is interpreted 
in this way as the new B-position arm extending beyond the 
base of the A-position S-domain for a further 20 A along the 
inside edge of the inter-subunit opening, terminating at a radius 

of 156 A, close to the exterior of the virus. Thus, one of the 

arms seems to pass all the. way through the opening to the 
outside, possibly explaining the observation that mild proteoly- 

sis of expanded virus causes a cleavage of many of the chains 

at positions 70 to 100 residues from the N-terminus”, 

A feature of the S-domain also seems to have shifted during =, 
expansion. The trimer contact region in the centre of the : 
triangular icosahedral asymmetric unit of the virus (see Fig. 14) 
consists of three loops of extended chain in symmetrical contact. 
In the maps of expanded virus, the rigid model of the domain 
has no electron density in this region, while a new loop of 
density of equal contour length protrudes into the opening. We | 
suggest thata local refolding of the chain occurs in this region, 





at the tip of t e loop. A similar ad 















eats with the electron density. As all the density 
ed for, we are confident of the interpretation. 


lity and disorder in the expanded 







1e detailed interpretation of electron density described above 
hows that the expanded state is characterized by a relatively 
rigid network of S-domains. This network may be stabilized in 
= part by a new contact between the bases of the A and B 
= $-domains, involving an ordered conformation for about six 
=< residues of the arm in those positions where it is not ordered 
~ in the compact state. The extended arm and B-annulus of the 


















; Table 1 Data collection statistics for expanded TBSV (a) and refined 
ibe heavy-atom coordinates (b) 





16 12 8 
ible 6,888 17,323 60,193 
3,880 10,356 36,113 
ae 0.10 0.12 0.20 7 Native 
No. observed 508 1,357 4, AEG Pic 
Raym 0.10 0.12 0.16 4 
No. observed 1351 3,607 12,579 


e EMTS 


ae . p ngi 0.11 
Occupancy Occupancy 
(2A) (8 A) 







, A. total of 56 1? oscillation gims were used in the final native data 
he reproducibility of the data is indicated for the redundant 
asurements $ by Riva | 


ei ng — I, 


Dik h nily 


where the Tas [= 1, .. -np are the repeated measurements of Ip, and 
-> fp is their mean. b, Refined heavy-atom coordinates (A in coordinate 
frame of Fig. 1a) and relative occupancies abet units). Individual 
heavy-atom temperature factors were set to 25 A* and not refined. 
Occupancies are. shown for refinements at 12 A and 8 A resolution. 
<o Allsites except E have chemically equivalent positions in the derivatives 
eee compact TBSV, and their nomenclature corresponds to that of Table 
~ 2 in ref. 15. Site E is unique to the expanded structure and lies near 
oA knows cysteine. 
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Table 2 Final paramelei for the best model of expanded TBSV 





: Translations Rotations 
19,4 Å XSA 4,5° 
17.8 Å ASHE PA a 
pAR 30° 


the rest of the structure: the corresponding heavy-atom sit 








































Fig. 5 Schematic diagrams showing the inner surface of S- 
domains in compact and expanded TBSV and indicating the inter- < 
preted disposition of the A and B position arms in the expanded 
structure. The Ca?” sites are shown by pairs of dots'”. The B-sheets. 
at the base of the S-domains are denoted by four parallel lines, 
the C arms by double lines and- the interpretation of A and B 
arms in expanded TBSV by broken lines. In this interpretation, 
' the A arm extends to make a six-residue contact with the B 
subunit, and the B arm extends for about 15 residues, making the 
same 6-residue contact with the A subunit and continuing up the. 
inside of the opening to the outside of the virus. The C arm has. 
exactly the same conformation in both structures, except that in” 
expanded virus it is ordered ~10 A further into the viral interior. 
The strands terminating in arrows and indicated by ‘h’ lead to the 
inter-domain hinge. The change in spacing of these arrowheads 
across dyads when the particle expands illustrates the requirement 
for an ‘expansion hinge’ as described i in the text, 


C-position subunits are conserved. The P-domains are rea 

ranged on the surface of the virus by fairly large rotations. abo! 

their local diad axes. p 
The CC P-domain dimer appears to be more disordered. than 


refined-rather poorly, and: the resulting 
domain is considerably weake ‘than that of the quasi-symme 
related AB dimer. A model was built with individual relati 
isotropic temperature factors. for the various domains a1 
optimized with respect to the observed dta, The best mod 
had B = 80 A? for the A and B position. P-domains and B 
600 A? for the C position. The latter temperature factor corr 
sponds to a r.m.s. positional fluctuation relative to the | 
domains of 5 A (ref. 19), and because this domain is involve 
in the inter-particle contact of the crystals it can explain the 
disorder of the crystals as a whole, 

Because of the disorder of the P-domains, it seems unlike 
that they are involved in a rigid way with clamping the part 
in the expanded state. Moreover, southern bean mosaic vi 
(SBMV), which has a single domain structurally homologo! 
to the TBSV S-domain and no P-domain”’, also has an expan 
ded particle’’. If the structural similarity of these viruses extend 
to the expanded state, the P-domain cannot be specifically 
involved in the expansion mechanism, and its motions must be 
a consequence of more fundamental structural changes occur- 
ring elsewhere in the virus. The proposed AB S-domain contact — 
(Fig. 5) is a feature that could equally well exist in the expanded $ 
state of SBMV as in TBSV. 

There is no evidence for ordering of the RNA or the N- 
terminal portion of the protein, other than the places men- 
tioned. The inter-subunit opening is sufficiently large for- 
the arm to be able to extrude entirely from the virus, even 
if the N-terminal 65 residues were folded as a third domain of- 
the structure. That some arms do extrude is consistent with 
their proteolytic sensitivity in expanded TBSV”’. ae 

The expansion mechanism is triggered by deprotonation of 
the aspartate residues of the calcium binding sites, provide 
the Ca** salt bridges have been removed by chelation (Fig. 5 
The local build-up of charges must then prise the opening apar 
The repulsive force, which would increase monotonically wil 
PH in the absence of any induced structural change, is counter- 
balanced by the attractive forces between domains and betwee 
the RNA and the basic amino acids of the interior surfa 
Beyond a critical pH, the balance swings in favour of expansi 
and the perce pwitches to its. s other state y rearrangemen 





1g electron density. of 













































Fonctions of the achiral change 
_The physiological significance of expansion, if any, is unknown. 
The expanded state, unlike the compact one, is very sensitive 


this seems to be due to accessibility of normally buried N- 
-terminal sequences. These common features may reflect a 
common route of entry and disassembly, and Durham” has 
“suggested that a difference in calcium concentration between 
«the cytoplasm and the extracellular fluid might be significant 
in this regard. It is also possible that the expanded state is an 
intermediate in the virus self-assembly. Whatever its role, the 


< ofthe viral subunit. As in the compact structure, the polymorph- 
ism is restricted to specific regions of the polypeptide that form 
-specific links between globular domains. 

‘The expansion of TBSV is a highly cooperative change from 
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of 16.6 days’ *. The times of outbursts are subject to appreciable 


direction of the Large Magellanic Cloud (LMC) and the 


indicate that it is a member of the LMC*°. This implies an 
X-ray luminosity during outburst of 8x 10" ergs’ (2- 
17 keV)'—higher than that of any other ‘stellar’ X-ray source. 
We report here the detection, during observations with the 
Einstein Observatory at the time of an outburst, of X-ray 
pulsations with a period of 69.2126ms from A0Q538~ 66, 
_ adding to the unique properties of this system that of being the 
fastest X-ray pulsar known to be in a binary system. The 
_ observed rate of change of period shows the source to be an 















close to each other during the outbursts and may even become 
mmersed in a commen envelope. 


of the Guest Observer Program. One of these was made on 16 
December 1980 23.73 to 24.85h UT, at phase 0.056-0.058, 
where phase zero corresponds to the predicted time of a peak’. 
_A point source coincident with the position of A0538 ~ 66 was 
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to enzymatic proteolysis, just as it is for BMV, In both cases, _ 


expanded particle demonstrates three additional conformations - 


. Harrison, S. C., Olson, A. J, Schutt, C. E.. Winkler, F. K, & Bricogne, G, Nature 276, 


S. Munowitz, M, G., Dobson, C. M., Griffin, R. G. & Harrison, S. C. J. molec. Biol 141, 


Both the recurrent X-ray transient A0538 — 66 and its optical 
counterpart undergo outbursts at intervals which are multiples 


jitter and although typically brief (<1 day) the event can, on 
_ occasions, last nearly a complete cycle*. The system lies in the 


Doppler shifts of the quiescent-state optical absorption lines 


eccentric binary system in which the two components approach 


Two Einstein observations of A0538 —66 were made as part 


the 2-fold cantadis, with conservation’ of the i and 6-fold 


contacts, giving a two-state character to the transformation. 
17,24 


Observed deviations from formal two-state behaviour are 


probably due to changes i in the spatially disordered part of the 
structure, particularly in the N-terminal area. We have strong 


evidence from the cited proteolytic cleavage experiments’’ that 


some of these arms extend outside the expanded particle in 
certain conditions. The manner in which restructured non- 
covalent contacts are built into the subunit design suggests that 
the expanded form has a function in the virus life cycle. Indeed, 
expansion seems to be a general property of small RNA plant 


viruses. There might also be some formal analogy with the. 


reversiblly interconvertible isoelectric forms of small RNA 
animal viruses”. 

We thank J. M. Hogle, A. J. Olson, C. S. Steele and D. C. 
Wiley for advice, discussion and assistance. This research was 
supported by NIH grant CA-13202. 
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decai byt the High Resolution on (HRD in the focal 
plane of the telescope at a mean level of (0.090+0,005) HRI 
counts s"'. Unlike the HRI, the Monitor Proportional Counter 
(MPC) which is aligned with the main telescope and has a field 
of view of 42 arc min (FWHM) is sensitive to relatively high- 


energy X rays (1.1-21 keV) and provides energy resolution. _ 
The MPC registered a flux ~40 MPC countss™' above back- 
ground. The spectrum of the source detected by the MPC 


showed a strong low energy cutoff corresponding to photoelec- 
tric absorption in a column density =2 x 10° cm~? (using Brown 
and Gould? cross-sections) making this flux consistent with that 
observed from A0538 ~ 66 with the HRI. Simultaneous fluctu- 
ations on time scales 10~-1,000s in the two flux levels, 
apparently due to variations in the column density of absorbing 
matter, confirm that the MPC flux was from A0538 — 66. 

The MPC includes a time interval processor (TIP) which 
records the time between events in the 1.1~21 keV energy band 
with a resolution of 1 ys or 1.6%, whichever is the greater. 
The TIP data were analysed by converting to photon arrival 
times, correcting for the motion of the satellite and of the Earth, 


and examining them for manifestations of variability. This pro- 














































cedure revealed the existence of a persistent periodicity; detec- 


ted throughout the entire observation at a mean heliocentric 
pulse period of 0.0692126s. Epoch folding the data at the 
best period and correcting for the existence ofa period deriva- 
tive leads to a result 111e above the noise, while folding at 
neighbouring but statistically independent periods produces 
results consistent with noise. 

The pulse period was determined by means of pulse arrival 
time analysis. Initially the entire data set was folded modulo 
different trial periods and the y` statistic was maximized as a 
function of period. The resulting light curve was used as a 
template and each 208 s section of the data was compared with 
it using a cross-correlation technique, allowing a relative pulse 
arrival time, fm, to be determined. The t,, values were fitted by 
functions of the. form ta = to mP and tn = tot mP+3m “PP. 
The fit nealing? a | constant period atis 









2 corresponding to: ‘the fit obtained. once a 


lerivative was included, which was excellent (y’ = 
-15d.f.). The S for the best fit obtained 

ulse period = (0,06921166+0.00000017)s, at 

D 2444590. 1192, rate of change of period P= 
.86) x 107°. All times are heliocentric, Errors are + 1c. 

ure la shows the light curve obtained by folding the data 

e basis of the best fit P, P. After allowing for the back- 
ground, the pulsed component accounts for 26% of the flux 
from the source. The amplitude of the pulsations in the separate 
208s intervals follows the mean count rate above background 


so that there is no evidence for the pulsed-fraction changing; 
the pulsed flux is apparently affected by the variable absorption 


column density in the same way as the steady flux. 
The second scheduled Einstein observation of A0538 —66 


: : took place on 3 February 1981 23.78-25.76h UT at phase 
_- +0.002. to +0.004 (no data were available for 24.28-25.00 h 
UT). In both the HRI and MPC data A0538—66 was seen to 


be turning on during the last ~1,400s, averaging 10 MPC 
counts s~" during this time. No pulsations were detected 
although they would have been if the pulse fraction and shape 
ad been the same as during the more intense first observation. 
owever, the energy spectrum was considerably harder. 
ie photon power law index was —0.6 during the second 
ervation, compared with —1.6 during the first, although the 
erage column densities were similar. We note that variations 
of pulse fraction and shape with intensity were found in Uhuru 
-observations of Cen X-3 (ref. 9). 
- A0338 — 66 was within the field-of-view of the Einstein tele- 
“Scope on two other occasions: 10 April 1979 12.73-13.70h 
i (phase —0.002 to +0.002) and 30 May 1980.9. 07-10.63 h 
ase +0.024 to +0.026). Despite the fortuitous proximity 
zero, in neither case was significant flux detected with 
e MPC or the main telescope. This may be related to 
parent absence of any large scale activity during the 
| observations of Pakull and Pamar* in 1980. 
e relationship P = (Gp) “2 between pulsation period and 
mean density of the region in which it arises shows that the 
seat of the 69 ms pulsations must involve a neutron star (or a 
black hole). The observed P is smaller by a factor of >10° than 


Pulse phase 
1,0 4 


Residual (ms) 


30,000 
Cycle no. 
Fig.1 a, The MPC data folded according to the best fit para- 
ers. b, Measured pulse arrival time minus that expected on 
-the assumption- of a constant period P =0. 06921264 s. The curve 
t pondo P= 40. 06921166 +0. 00000017 s; P= 5.01 + 0.86 x 
es 107° °, Error. bars are +ło. 


18.000 42.000 


e oscilla’ ions reporte by S: 
from MXB1728-34 and we believe that on cm isa 
pulsar in which the clock is a rotating neutron star. ake 
If the observed P were to correspond to a changing rate 0 
rotation, a power of ~10*' ergs’ would have to be dissipated 
in the system. As this seems unreasonable, and the expected 
time scale for spin-up or spin-down due to accretion torques 
is too long (see below), we conclude that the major component 
of the P term is due to a changing Doppler shift. Consequently, 
the neutron star must be in a gravitational field whose line of 
sight component causes an acceleration of 220 cms”? and, as. 
optical evidence suggests that the primary has mass Mop™= - 
12 Mz, the stellar separation can be no more than 39 Ro 
Charles er al."" have shown that the region responsible for the 
optical flux during outburst must be at least 40 Ra in radius — 
and so, whether the optical emission is centred on the primary 
or the secondary, it is already clear that during the outburst: 
we are dealing with two objects essentially in contact. : 
The maximum acceleration of the secondary in a binary- 
system with period Pas and eccentricity e is : 


(297) GPA MR tq) OP 


where q is the mass ratio Mx/ Mop If we assume that the orbital 
period is 16.6 days, then we find e = 0.4 (we have taken Mopi = 
12M, q=0.1, although the conclusion depends only weakly 
on the choice). The limit e = 0.4 corresponds to the case where 
the observation was made exactly at periastron and the inclina 
tion and orientation of the orbit are such that the neutron sta 
was directly between the observer and the primary. Any other. 
configuration implies an even higher eccentricity. | 
While not losing sight of the possibility that the source of 
energy might be rotational, through a pulsar mechanism, we 
now consider the implications of powering the X-ray source by 
accretion onto the neutron star. The first question is whether: 
accretion is possible in the presence of a magnetic field rotatin, 
with such a high angular velocity. Before accreting onto the 
neutron star, matter must pass through a co-rotating magnetos 
phere. If the radius of the magnetosphere i is larger than tha 
of the keplerian orbit co-rotating with the neutron star 
accretion is unlikely. The size of the magnetosphere will depen 
not only on the magnetic field but also on the amount of 
inflowing matter and so on the X-ray luminosity. We deduce 


. — Ex 1/2 P 7/6 
e rer) (saa) 
A ad 10” ergs” 69 ms/ 


where f is a numerical factor ~0.5-1.0 depending on th 
detailed assumptions made and on whether the equations usei 
are those for accretion from a wind'*"’, or for accretion through 
a disk'*. We can envisage a situation where the magnetic field 
is close to this critical value and, as periastron is approached, .. 
essentially no accretion is possible until a sufficiently large- 
amount of accreting matter is available to produce a high X-ray 
luminosity. This would explain the very large on/off ratios for 
the X-ray flux, the sharp turn-ons and turn-offs, and the small _ 
duty cycle of the on state. In this picture although the neutron: 
star would spin-down between outbursts it might either spin-up. 
or spin-down during the outburst. The contribution to the 
short-term P would in either case be small compared with that. 
observed. We note that if the magnetic field were too small 
non-uniform accretion onto the newton star surface, necessary. 
to explain the 69-ms modulation of the X-ray flux, would not 
occur. i 
We may consider whether a mechanism analogous to Roche 
Lobe overflow can be responsible for the accretion. To estimat 
the size of the companion’s critical lobe at periastron, wW 
adapted the results quoted by Bahcall’* to the pseudo-potential- 
given by Avni’® describing the gravitational/ centrifugal force 
on a test particle co-rotating with the companion and in. 
eccentric binary system. Using the parameters found by Charle 
et al. for the quiescent state (Mop = 12Mo, R = 12.6 Ro) 
find that for a pa lobe: overfilling 0. 6<¢e= = 0. 1, , dependis 






























































f sight (assuming the observation took place at periastron). 
In conclusion, the observed P, P imply that A0538 — 66 is an 


hot gas giving rise to the optical outburst must be comparable 
“in size with the separation of the two stars, and surrounding 


-sone or both of them. These deductions are based on data lasting 
only 4,000 s and observations of pulsations over longer periods - 


would yield a great deal of information about this unique 
_ System, We urge that attempts be made to observe correspond- 
‘ing pulsations at optical and radio wavelengths. 

~~ We thank J. Halpern for assistance with the MPC analysis 
-and F, R. Harnden for analysis of HRI data. J.E.G. is partially 
-supported by an A. P. Sloan Fellowship and grant N AS8-30751.. 
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Flandrian palacosols ata single site, Kirkhill Quarry, in Buchan, 
north-east Scotland. This is 


interglacial episodes which are equivalent in age to last inter- 
glacial (compare with Hoxnian)—a combination so far 
that the part of the Buchan plateau under study may have been 


glaciated on at least three separate occasions. 
= Kirkhill Quarry (NGR NK 012 529) is located 13 km north- 








acid/basic dyke within which the quarry was opened. 


phy is seen in the quarry’s east and north faces (Fig. 15) and 
is the evidence from these that is used to interpret the history 
f the site. Preservation of the sequence is a result of the 











f these features and their association with glacigeni 





part, by the weathered nature of the basic dyke re rock. 
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origin, Typically this deposit has a light olive 





J An ebcentricity t in this range is consistent with the Otene b : 
if the line of apsides makes an angle of 55°-65° with the line — 


‘eccentric binary system in which a neutron star with modest | 
“magnetic field (B < 10“ G) approaches so close to its B star 
3 companion that massive accretion takes place. The region of © 


Evidence is presented for the existence of two distinct pre- 


the first such site reported from 
Scotland and it is possible that the two palaeosols represent 


glacial (compare with Ipswichian) and the penultimate inter- 


unknown in the British Isles. The stratigraphy also demonstrates 


west of Peterhead, Aberdeenshire (Fig. 1a). The surface of the 
site lies at ~75 m OD and the bedrock consists. of metasedi- 
ments of the Dalradian Supergroup’ intruded by a complex 


‘The most complete development of the Pleistocene stratigra- 


protection afforded by the irregular bedrock surface consisting 
of very steep-sided channels or basins. The topographic location 





ggest an origin by glacial or glacifluvial erosion facilit tte s in 









-brown colour as 
Y 5/4)? but the upper zones of both profiles consist of a 19-cem 
thick light-grey (10 YR 7/1) horizon overlying 7 cm of greyish- ce 
brown (10 YR 5/2) coarse sand containing | =~] 4% organic 
matter. The latter is most clearly represented as a single organic ©” 
band (~2 cm thick) in the east face. The north face stratigraphy 
is more complex with two main organic bands; the lower is 
~ 1 em thick and occurs within a blocky rubble matrix and the 
upper is ~6 cm thick and lies within bands of grey/yellow sands. 
There is deformation of the grey sand/organic sections of both 
profiles and a frost crack is visible in the east face. These 
horizons are overlain by coarse angular felsite debris which has: 
probably been produced by frost shattering of the adjacent 
channel walls. This material is succeeded by till. 

The till is present in both north and east faces where it is 
made conspicuous by its yellowish-brown matrix colour (10 YR 
5/4) and its content of soft friable igneous and metamorphic 
clasts. In the north face section, the upper 70 cm of till have a ow, 
strong brown colour (7.5 YR 5/6) with coarse distinct yellowish- ~ 
red (5 YR 4/6-5/8) and greyish-brown/brown (10 YR 5/2- 
5/3) mottles. This would appear to be a weathering profile 
(discussed below) and it also displays signs of cryoturbation <: 
with the erection of clasts. | te 

The till is buried beneath a head deposit which averages 
60 cm in thickness and this is succeeded by further till deposits 
representing the last major event, or events, recognized. This- 
situation is of some complexity because tills of both north- 
western (north face till derived from Moray Firth Mesozoic 
clays) and western (east face till derived from the igneous and =; 
metamorphic rocks of western Buchan) provenances are pres- 
ent. The availability of sections has not yet made it possible to 
determine which of these tills is the older. In contrast to the 
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No. of sampling levels 










North face East face 
l 

KO. 0-5 Calluna 1 
-KQ-4 Gramineae—Alnus 2 
"© KOQ-3 Gramineae—Alnus— 2 1 

o> Solidago(+ Quercus, Picea) 
KQ-2 Pinus—Alnus (+ Tilia 1 

cordata) 

KOQ-1 Betula—coryloid (+ Ulmus, 1 


Quercus, Picea) 





-underlying and apparently severely weathered till, the upper 

_ tills have a fresh unweathered appearance and contain hard 
s intact clasts. 

c The north face till is overlain by glacifluvial sand which fills 
a shallow channel. This sand has a humus iron podsol developed 
n it and appears to have been partially truncated by quarrying 
ctivity at some. locations. Outside the channel limits, gleyed 
rown earths have developed i in the upper tills. 

Veathering in the light grey basal sands has resulted in the 
‘and softening of felsite clasts and the almost complete 
lof such minerals as augite, hornblende and biotite from 
fine sand fraction. Such a sequence of horizons resembles 
“podsol- -type soil profiles which. have undergone weathering and 
translocation of iron and organic matter in a humid temperate 
climate. 

The condition of the soft, friable clasts in the lower till would 
have precluded transportation and so a period of subaerial 
ering after till deposition is indicated. In the north face 
red section of this till, clay mica has been. altered to 
tified mica-smectite. X-ray diffraction analyses have 
ed the presence of lepidocrocite, an iron oxyhydroxide 
id in hydromorphic soils of temperate humid climate’. In 
section, mottles are seen as areas of iron oxide segregation 
d evidence of clay translocation is provided ‘by numerous 
rge angular papules of f strongly orientated clay minerals, inter- 
reted as void argillans* disrupted by subsequent cryoperturba- 
‘tion®, Taken together, these features indicate both gleying and 
ranslocation of clay, processes that are characteristic of B 
horizons of certain soil groups*. The upper 70cm of the 
weathered till is thus interpreted as the truncated remnant of 
soil formed under a humid temperate interglacial climate. 
everity of clast. weathering supports this interpretation. 
ent samples from the basal and upper section of the 
and east face profiles were prepared for pollen analysis 
ndard acetolvsis and hydrofiuoric acid procedures’. Samp- 
g of organic layers for macroscopic plant and animal remains 
produced nothing. Only nine sampling levels produced sufficient 
pollen to permit useful discussion of the contained microfossils. 
_. Some of the spectra came from parallel sampling profiles and 
it was considered possible to place them in an internally con- 

| sistent sequence by reference to lithostratigraphy and pollen 

= content. The results are. summarized in Table 1 and sample 

` levels are indicated in Fig. 2. Pollen samples from the lower 
soil profile display some of the sharp inter-spectral changes 

- found in the early buried podsol at nearby Teindland® and do 
not suggest the homogenization of assemblages which can result 

from. microfaunal mixing or downflow of pollen through a 
ermeable soil profile”'° (though such processes may still have 
rred in part). The pollen assemblages have a mean arboreal 
esentation (including shrubs) of 40.3% of total land pollen 
range of from 8.9% for Calluna assemblage KQ-5 to 
o for Pinus-Alnus assemblage KQ-2. The sequence KQ-1 
Q-5 may well represent the relict registration of a vegeta- 
al snr passing through an AA a aa with 
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KQ-3, Tilia cordata in KQ-2, . | 
KQ-3, indicate the local presence of elm, oak, lime and sp 
or whether their pollen grains reached the site by long-dist 
wind transport from warmer areas to the south or east. If t 
taxa are of local origin (and not derived secondary pollen), th 
presence strongly supports an interglacial interpretation for th 
basal palaeosol. 
A single sediment sample from the weathered section of th 
north face profile produced a pollen spectrum (KQ-6) domi- 
nated by Alnus (73.9% of the total land pollen) together with 
lower frequencies of Betula (4.3%) and coryloid (8.7%) grains. 
Such an assemblage would not be inconsistent with an inter- 
glacial phase. 
Note that all pollen preparations contained microfragments 
of charcoal, while sieving for animal and plant remains also. 
produced charcoal macrofragments i in the basal organic levels. 
While evidence of burning is not limited to warm or temperate 
environments, it is more likely that such environments would 
provide a suitable context for the occurrence of natural fires, 
Radiocarbon assay of three samples of organic material 
apparently representing both in situ soil (east face) and 
redeposited material (upper organic layer, north face) produced. 
‘°C dates within the age range 33,810+ 92° (SRR-1636). to. 
45,630 + 1430 (SRR-1635) yr b.p. (Fig. 2 and Table 2). Th 
association of these ostensibly middle Devensian dates. wit 
pollen of a relatively thermophilous nature and linked with t 
stratigraphical context of this buried soil is consider 
anomalous. These dates must be regarded as minimal estimé 
of the true sample ages. This situation has been encountere 
with other Scottish, interglacial sites and is generally though 
to reflect sample contamination'*:'*. The 6'°C values lie with 
the normal range for terrestrial organic materials from 
European localities. 
The sequence of events inferred from Kirkhill Quarry ca 
be briefly summarized as: (1) erosion of channels/basins an 
deposition of fluvial or glacifluvial sands and gravels; (2 
weathering and pedogenesis in humid temperate interglacial 
conditions to produce a podsol-like soil profile in the sands a 
gravels; (3) disturbance and burial of the podsolic profile b 
periglacial sediments followed by deposition of till; (4) weather 
ing and soil development in the till under a second period. o 
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humid temperate climate; (5) periglacial disturbance of the soil 
-of the fresh, unweathered, upper tills; (6) erosion of channel 
and deposition of glacifluvial sands (north face); (7) Flandrian 
_pedogenesis in tills and sands. 

> The Kirkhill Quarry sequence is important for several rea- 


known from Scotland and only the fourth claiming interglacial 


single section. Kirkhill Quarry lies within the so-called ‘Moraine- 


ate Devensian age? 





Beck, Cumbria’, 


nature of interglacial vegetational change. 
_ If the above reasoning is accepted, then the age of the upper 


¿prove to be older then the site becomes even more unusual in 
‘the Scottish context as the area possesses no known interglacial 
deposits earlier than the Hoxnian date claimed for Fugla Ness, 
Shetland’®. If the upper palaeosol at Kirkhill is of Hoxnian age 
(and assuming no hiatuses), the basal podsol would chronologi- 
_cally be of Cromerian age and a profile combining both Hoxnian 
cand Cromerian stage deposits is similarly unknown from the 


distinct interglacial events and if the basal sands and gravels 
re glacifluvial in origin, then the stratigraphy demonstrates 


east three occasions. The earliest episode, indicated by the 


east the Anglian glaciation of the English sequence”? 


m an earlier draft. E.R.C. acknowledges the. receipt ofa NERC 
esearch studentship. 
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-profile and final glaciation of the site resulting in the deposition — 


sons. It is only the sixth polleniferous pre-late Devensian site © 


status’? ’°""’, The site is unique thus far in Scotland in providing _ 
evidence for two interglacial phases whose individual identity 
-can be demonstrated in stratigraphical superposition within a- 


ess Buchan’'*'” and outside the limits of the Moray Firth- 
rathmore glaciation. As the latter is widely regarded as being © 
. ° it is possible that the upper tills at the | 
are even older. Despite this problem, the unweathered 
ure of these upper tills encourages the view that they date. 
a phase of Devensian glaciation. If this is the case then the - 
mplest interpretation for the underlying interglacial horizons _ 
s that they are last interglacial (compare with Ipswichian) and 
penultimate interglacial (compare with Hoxnian) in age and the 
<irkhill Quarry sequence would then be the first site for which 
is combination of deposits has been reported from the British 
les. The palaeofioras, whilst suggesting interglacial conditions, 
) not permit obvious correlation with the varied interglacial 
deposits from further afield’*’**'**, The uppermost Alnus- 
minated spectrum KQ-6 at Kirkhill may be compared with- 
e Alnus-Gramineae-Plantago lanceolata pollen assemblages 
ne T-1 at nearby Teindland? which was assigned to the 
swichian interglacial, and the Alnus zone ScB2 at Scandal 
which was tentatively referred to the. 
swichian partly by reference to the Teindland data. The 
mineae—Al/nus-Solidago assemblage KQ-3 in the lower 
alaeosol at Kirkhill also resembles Teindland spectrum T-1, 
id assuming that two distinct pre-Flandrian interglacial phases 
e represented at Kirkhill then this may indicate the cyclical 


: palaeosol would be no younger than last interglacial. If it should 


‘British Isles. If it is accepted that the two palaeosols represent 


that this part of the Buchan plateau has been glaciated on at 
asal glacifluvial deposits, would be comparable in age with at 


We thank Banff and Buchan. District Council for : access to 
he site; Professor J. W. Parsons, Dr M. J. Wilson and 
rD. M. L. Duthie for chemical and mineralogical analyses; 
- D. D. Harkness for radiocarbon dates; Dr E. A, FitzPatrick 
r thin sections and advice; Dr P. C. Buckland who searched — 
or animal remains; and Professor F, W. Shotton for comments. 
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Deep convective overturn has an important role’ in enhancing 
the preductivity of warm-core ocean eddies. An eddy (F) 
formed from the East Australian Current in early 1978 over- 


wintered further to the south and developed a significant phyto- _ 3e 


plankton bloom the folowing spring. We describe here another 
process which tends to terminate such blooms by submerging 
winter water, relatively rich in nutrients, beneath poorer water 
of more recent origin. 

Warm-core eddies shed by the Gulf Stream?~*, Kuroshio®™” 
and East Australian Current®'° are islands of warm water 
interacting with a cooler atmosphere. In winter, the eddy surface 
cools and a deep mixed layer develops by convective overturn. 
This mixing process distributes nutrients uniformly throughout 
the isothermal layer (thermostad*’), where they are available 
for photosynthesis; but if phytoplankton are mixed to depths 
as great as 200, 300 or even 400 m, their production is limited 
by the availability of light. With the onset of summer heating, 
a cap of warmer water forms, which isolates the winter water- 
below and conserves the phytoplankton in the light. From that 





point onwards, the thermostad has a characteristic signature by 


means of which it can be tracked (G. R. Cresswell, work in 
preparation). 

The properties of eddy J, which had overwintered north of 
Sydney in 1979, changed dramatically between September and 
October (Fig. 1). A warm surface cap (shaded) appeared in 
October with a nitrate concentration <Sjyg N1? (compared 
with 20 pg NI | the previous month), without appreciable 
increase in particulate organic matter (5-15 pg N i). There 
was no spring bloom like that which had occurred in eddy F 
the previous year’. Where had all the nitrate gone? 

In September; eddy J bada neighbour. to the north-east, 
eddy K, whose winter thermostad was warmer (by ~1 °C) and 
shallower ele ~100 Om) than that of J? Figure 2 shows the 

aracteris | 
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that. surface waters from. eddy K s 
J as an encircling ring. which ‘progressed towards its cent ri 


eventually submerging it. 
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production. The subsequent productivity of eddy J was there- 
fore determined largely by the nutrients of the overflow from 


~~ gre correct in their assertion that most of the warm-core eddies 


- date, then we suggest that significant eddy productivity may 
-occur only among those few that move permanently beyond its 
reach. 

Dr Basil Stanton of the New Zealand Oceanographic 


“Institute provided nitrite data from Hakuho Maru cruise KH 
‘helpful discussions, 
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I report here a recent discovery of new species of sharks, 
together with the most complete and best-preserved Car- 
boniferous shark known, in Bearsden near Glasgow. Sharks of 
this age.are significant because of their high diversification rate 
during the Carboniferous. This, coupled with their poor fossil 
record, has led to “almost as many classifications of Palaeozoic 
chondrichthyan fish as there are taxa in this group represented 
_ by adequate specimens”. The new shark discoveries also throw 
_ considerable morphological light on relatively fragmentary 
material collected during the past few years from the Upper 
Mississippian (Lower Namurian) of Montana’. The fish found 
also include 11 new palaeoniscid (early ray-finned) fishes which 
represent the first known British Namurian marine species. The 
site has also yielded a crustacean assemblage which is probably 
the best preserved from Europe or even the Northern Hemi- 
sphere. The only comparable crustacean fauna, from beds of 
Wesphalian age at Mazon Creek in Illinois, is larger but is 
mainly preserved as moulds whereas the Bearsden material 





a ‘substantial. vertebrate and- crustacean marine fauna 
om the British Carboniferous was. made in. 1879 when the 
slencartholm site (Dumfries and Galloway) was found by 










ai 


adjacent eddies and submerge the winter thermostad: Eddy B. marir 
‘was. over-ridden by the East Australian Current some time 
between October 1977 and February 1978"°. The relevance of 
‘submergence in the present context is in relation to its impact. 
cn the productivity of the system. Nutrients elevated in winter 
ty convective overturn of the water column are submerged 
again by overflow and consequently are not utilized in primary. 


KK. There are no September nitrate data available for K, but 
_ its nitrite concentration was lower than that of J (Fig. 3), perhaps. 
-~ because of shallower winter mixing. If Nilsson and Cresswell 


shed by the East Australian Current are reabsorbed at a later 


Institute made temperature—salinity data available to us from. 
Tangaroa cruise 1097 and Dr N. Taga of the Ocean Research: 


79-4, We thank Drs J. S. Godfrey and G. R. Cresswell for 


pe the cuticle intact. The first (and last) major discovery _ 


facconochie of the Scottish Geological Survey’ in the Lower 
arboniferous, | Mpper Border aron. Upper E ii 


A ( jion-marine 
intercalations. Some specimens were collected from weathered _ 
exposures along the Manse Burn but most were obtained from 
a temporary quarry 5x3 min area excavated i in the south bank. 
This quarry is marked locality 1 on a detailed map at the NCC | 
Geological Review Unit, Newbury to which professional — 
enquiries should be directed. The Crangopsis marker band (Fig. 

1) outcrops twice in the:burn and is also included in this map 
together with the general dip and structure of beds A-E. | 

From an examination of the shelly fauna, R. B. Wilson 
(personal communication) places the Bearsden fauna at the 
horizon of the Top Hosie Limestone. Currie* placed the base 
of the Pendleian, the lowermost Namurian stage, just below 
this limestone. 

Specimens collected during the excavation at Bearsden, 
which took place throughout summer 1981, have been 
deposited at the Hunterian Museum of the University of Glas- 
gow (HM V) and the Royal Scottish Museum, Edinburgh (RSM 
GY). 

Outside North America, Carboniferous marine sharks have 
only been described from Glencartholm near Langholm*° 
whilst non-marine sharks are known exclusively from the Edin- 
burgh area®"'®. Both are of Asbian age in the Dinantian of _ 
Scotland’’. In addition, xenacanths have been recorded from ~ 
the Permo-Carboniferous of Europe’’. | 

None of the marine sharks discovered at Bearsden occurs at. 
the Edinburgh or Glencartholm sites, and the non-marine 
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Fig. 2 Lateral view of superbly preserved anacanthous male shark (HM V8246). Photographed in methanol; upper scale bar in em. 


© phalacanthous Tristychius arcuatus Agassiz is present at 
<> Bearsden and Edinburgh, but not at Glencartholm, despite 

many references to the contrary’. On the other hand, the only 
fish found at both, the phalacanthous On ychoselache traquairi 
Dick, is apparently absent at Bearsden. The Bearsden sharks 
robably the best-preserved cartilaginous fish known from 
Palaeozoic. One of them, HM V8246 (Fig. 2), should help 
arify the. unsatisfactory systematics of anacanthous sharks. 
uld be Cladodus neilsoni Traquair, at present known only 
m the anterior end of a skeleton of similar age from East 
pride and described by Traquair in the nineteenth century”, 
equally the Bear Gulch Stethacanthus altonensis (St John 
nd Worthen)'*. — 

HM V8246 has a peculiar structure posteriorly attached to 
the dorsal spine near its base. It is well calcified, thick, 
=o apparently inflexible and triangular in shape. The posterio- 
-> «dorsal margin is armoured with formidable monocuspid tooth- 
_.. like denticles which increase in size posteriorly. Similar, though 

smaller, denticles form an anteriorly positioned ‘helmet’ on the 
_. head whilst behind the pelvic fins, external sexual organs iden- 

_ tify the individual as male. If restored parallel to the body, the 
_ long axis posteriorly attached to each pectoral fin extends 
_ backwards well beyond the pelvic fins. These axes may have 
been used to grasp the female during copulation. The grotesque 
dorsal armament may also have had a sexual role as some extant 
a forms, when excited, make extensive wounds in the flanks of 

females during foreplay. 

S. altonensis and C. neilsoni may be synonymous as study of 
the type specimen of the latter (RSM 1911.62.52) suggests that 
the two posterior basal plate radials of the right pectoral fin 
are damaged, and it is the drifted distal portions lying against 
the axis cartilages which Traquair misinterpreted as axial 
radials. His interpretation has since been used by Moy-Thomas 
and Miles™ and by Romer’® when comparing reconstructed 
pectoral fins of other Palaeozoic sharks. The realization that 
_. the post-metapterygial axis of C. neilsoni is free of radials and 
that this condition may also be true for S. altonensis supports 
their being synonymous. 

a ee In RSM GY 1981.63.23, another Bearsden specimen of the 
same species, the dorsal spine and basal plate are exposed in 
cross-section in juxtaposition and the articulation of these 
elements is no different from that illustrated by Maisey” for 
_ the Upper Devonian shark Cladoselache. Maisey suggests that 
the unormamented dorsal spine of Cladoselache was deeply 
ywever, the undisturbed ony’ of] HM V8246, a 










































shark belonging to the same anacanthous group, contains an 
unornamented spine of similar design which is in ‘life’ position 
and is clearly shallow based. It may therefore be significant that 
shallow emplacement of the dorsal spine in Cladoselache was 
formerly suggested by Harris**. 

Additional Bearsden material including an isolated head (HM 
V8250) suggests an overall length of up to 1.3 m for C. neilsoni 
(=S. altenensis?), Lund (personal communication) consid 
HM V8250 to be female and he independently suspects syn 
onomy between Cladodus and Stethacanthus, the latter be 
senior, Zangerl’” noted the possibility of a generic relationship 
between the Westphalian Symmorium and C. neilsoni, and the 
newly discovered Bearsden material reinforces this suggestion, 
although the peculiar anterior dorsal structure is apparently 
absent in the former, Another important shark in the collectior 
is only 12.5 cm long, has small cladodont teeth, lacks a fin spine. 
and displays a series of distal radials above the vertebral column, 
suggesting the retention of a long-based dorsal fin as in. 
Chondrenchelys. However, the chordacentra of the latter are — 
absent. The poorly known bradyodont group is represented at 
Bearsden by a single complete suite of crushing teeth. ee 

Eleven new palaeoniscid species seem to be represented. 
Many of the specimens are complete and all are well preserved: 
One aberrant form will require a new suprageneric taxon. This 
small fish has a large head, a raised denticle centrally positioned _ 
on each scale and long tapering projections extending beyond. 
the pectoral and caudal fins, the former consisting of modified 
fulcral scales. The others collected include new species of 
Elonichthys, Rhadinichthys and Mesopoma (the latter identified 
by K. Lowney). In addition to the palaeoniscids, the deep- 
bodied chirodontid Chirodus crassus Traquair (Fig. 3) is present — 
as several fine specimens which will allow accurate redescri A 
tion, especially of the pelvic fins, hitherto presumed absent ® 

Acanthodians are represented by Acanthodes sulcatus Ab. ase 
The material includes a superb example (HM V8251), whilst. 
in another specimen the first-known Carboniferous acanthodian 
braincase was recognized by A. L. Panchen and T. R. Smithson. 

The sarcopterygians are poorly represented: dipnoans are so. 
far absent, the only coelacanth seen is an isolated head, whilst 
the other crossopterygians occur as rare rhizodont and: : 
osteolepid fragments. 

Another remarkable feature of the Bearsden discovery is the. 
superbly preserved crustacean fauna, rivalling that from any 
British or European locality. It complements the well-known 
Westphalian fauna of Mazon Creek, Hlinois, b buti is less divers 
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than the North American fauna and consists of the malacos- 
tracans Anthracophausia, Crangopsis, Pseudotealliocaris and 
Minicaris?, together with the problematical ‘Cyclus’. This 
assemblage contains the near-shore and brackish water ele- 
ments of the four marine communities proposed by Schram’! 
which occur together, indicating a broader ecological niche than 
has been appreciated. Fine ornament and delicate structures 
are preserved in the cuticle of Anthracophausia, and W. D. I. 
Rolfe identified the raptorial appendages (Fig. 4) as the second 
antennae. This conclusion challenges the filter mode of feeding 
previously ascribed to Anthracophausia™. The occurrence of 
Minicaris? is noteworthy as this fossil is known from a single 
example in the Institute of Geological Sciences, Edinburgh, 
from a core sample of Asbian (middle Visean) age near Living- 
stone, Lothian Region”. 

Figure 1 shows the vertical distribution of the molluscs and 
some other elements of the fauna, and a relative salinity curve 
is drawn, using the invertebrates as indicators. Biofacies and 
lithofacies do not conveniently correspond, the former 
occasionally lagging behind the latter. The salinity profile 





Fig. 4 Anthracophausia dunsiana (HM A2359) in dorsal view, 
an 8 cm long malacostracan crustacean. The anterior appendages 
were hitherto unknown in this animal. 


Fig. 3 Chirodus crassus (HM 

V8247), a deep-bodied palaeo- 

niscoid 31 cm long, yielding new 

anatomical detail. Photographed 
in methanol. 


through these overlap periods is therefore tentative. There are 
also constraints (except on Acanthodes) in fish distribution, 
some palaeoniscoids occurring only in the marine phases of B 
and D beds, whereas others are restricted to the transitional 
stratigraphy of basal B and upper A and so on. Similarly, shark 
restriction is apparent: Cladodus is only found in beds B and 
D and Tristychius in beds A (middle) and C, the latter probably 
representing Dick’s'” non-marine Diplodoselache fauna typical 
of the Oil Shales around Edinburgh. Further sampling should 
clarify this picture. 

The marine palaeoniscoid fauna at Bearsden is understand- 
ably different from the well-known non-marine species of the 
Scottish Midland Valley but as they also bear no specific 
relationship to the marine palaeoniscoids from Glencartholm, 
or the South African Witteberg assemblage”, this raises inter- 
esting palaeoenvironmental questions. 

In addition to the fish and crustaceans the collection contains 
microfauna and problematica and flora among which Lepido- 
phloios, Spathulopteris, Sphenopteris and Rhacopteris have been 
recognized. 

I thank the Leisure and Recreation Committee of Bearsden 
and Milngavie District Council for permission to quarry, Hun- 
terian Museum staff for field assistance, Drs W. D. I. Rolfe, 
J. K. Ingham and A. L. Panchen for discussion, Dr R. B. Wilson 
for identifying and evaluating the molluscs, and Mr C. Cleal 
for identifying the flora. I acknowledge the help of Mr D. 
Barbour (drafting), Mr P. McGrail (typing) and Mr G. Grant 
(photography). I especially thank the Manpower Services Com- 
mission and Nature Conservancy Council for funding. 
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a Carbon isotope ratios of apatite 
_ from fossil bone cannot be 
_ used to reconstruct diets of animals 
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construction of animals’ diets from. measurements of 
le isotope levels in fossils relies on the fact that the °C/C 
. of animal carbon reflects the “C/'*C ratio of dietary 
carbon’, Two phases in fresh bone, collagen and the carbonate 
occurring in apatite, the predominant bone mineral, have 
isotopic ratios that are related to the '°C/'°C ratio of the diet’. 
isotopic ratios of both phases have been used to study the 
f extant animals’*, Reconstruction of the diets of fossil 


mals using the isotopic method has been limited to analysis 
lagen preserved in bone*. It has not been possible to 
he “C/"C ratios of carbon in the inorganic phase of fossil 
for dietary reconstruction because most fossil bones con- 
significant amounts of calcium carbonate, deposited after 
inimal’s death, that contribute to the CO, evolved from 
e bone during acid hydrolysis’*. However, Sullivan and 
Krueger” recently presented data which led them to conclude 
that the *C/"*C ratio of CO, extracted by acid hydrolysis from 
the apatite phase of fossil bone records information about an 
animal's diet. We have now determined the C/'*C ratios of 
both the apatite phase and the collagen of 24 fossil animal and 
human bones, and our results indicate that the ‘*C/?C ratio of 
fossil bone apatite cannot be used for dietary reconstruction. 
ullivan and Krueger’ treated fossil bone with acetic acid to 
move any secondary calcium carbonate that might have been 
esent.. They found that the '°C/'C ratios of the apatite 
carbonate fractions, which resisted acetic acid dissolution, were 
linearly correlated with '*C/’*C ratios of the collagen for fossil 
as well as fresh bones. Because the collagen °C/'C ratio is 
-~ telated to the isotopic composition of an animal's diet’, they 
concluded that the °C/'C ratios of apatite from fossil bone 
can be used to reconstruct aspects of the diets of animals that 
lived in the past. 

There is a serious complication with the proposal’ that the 
-C/C ratios of apatite in fossil bone can be used to reconstruct 
diet. Comparisons of the '*C content of apatite with the '*C 
— content of collagen from the same bone or of other carbon- 
< containing materials (such as. charcoal) excavated in conjunction 
with the bone in question indicate that the apatite carbon can 
adergo exchange with carbon encountered in the post-mortem 
vironment, either in groundwater or in the atmosphere (see, 
xample, refs 10-13). These diagenetic isotopic exchange 
scan also affect the °C/'*C ratios of apatite’. To 
trate the magnitude of the stable isotopic shifts that can 
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uring diagenesis, we present the result 
ral suites of fossil bones. ae 













We determined the C/C ratios of the apatite and collag 
of 6 modern and 24 fossil bones. These data, along with tl 
ages and collection sites of the bones, are given in Table 1. 
Collagen was extracted from powdered bone as described pre- 
viously” and its '°C/?*C ratios determined following combustion 
by a modification of the Stump and Frazer method'*'*, The 
“C/PC ratios of the CO, liberated from apatite by reaction - 
with anhydrous phosphoric acid were determined on separate 
aliquots of powdered bone that had been soaked in 50:30 (viv). 
glacial acetic acid: water for two days before oxidation of the _ 
Organic matter using sodium hypochlorite’. X-ray diffraction — 
analysis demonstrated that the secondary calcium carbonate 
present in the fossil bones was removed by the acetic acid 
treatment, Ds 
We present a plot of the apatite 8°C values against the 
collagen &'*C values in Fig. 1. The line in Fig. 1 represents the _ 
relationship between collagen and apatite 5'°C values given by 
Sullivan and Krueger (see Fig. 1 legend). The data points for — 
the six modern. bones all lie close to this line, On the other 
hand, the differences between the observed apatite 8°C value 
and that expected from the collagen 5'°C value for the fossil 
bones, based on the Sullivan-Krueger relationship, range fror 
+4.640 to ~12.1%. This observation indicates that exchar 
processes have shifted the apatite “°C values from their origi 
values, towards either more positive or more negative value: 
by as much as 12%, Sucha shift is significant when one conside: 
that the average difference between the 5'°C values of C; and 
C, plants is about 14%'°, while that between aquatic and mos 
terrestrial food sources is about 7%'*. Determination of th 
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Fig. 1 The relationship between the 6'°C values of the apatite: 
and collagen fractions of modern (open symbols) and fossil (closed 
symbols) bones analysed for this study. The line indicates the — 
relationship given by Sullivan and Krueger’. Linear regression - 
analysis of the data for fossil bones presented here produced the 
line: apatite 8'°C = 0.47 collagen 6'°C-1.29% (r = 0.80). Sul: 
livan and Krueger’ indicated that apatite 6'°C = collagen 8 C+. 
8%. Linear regression analysis of their data yielded the line: apatite.. 
5°°C=1.07 collagen 6°C+8.9% (r=0.99). The relationship 
given by Sullivan and Krueger is used in the discussion in the text. — 
The values for 6'°C were calculated using the PDB belemnite 
carbonate as standard from the relationship: | eS 
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| Location ‘Speci es 


g ‘La RAN Peru Lama pacos 
7 Lama pacos 


Lama pacos- 
Lama pacos 
Lama pacos 
Lama pacos 





~ Pachamachay, Peru Lama glama 


Canis diris 
Cervus sp. 
Cervus sp. 
Equus sp. 
Equus sp. 
Felis concolor 
Felis concolor 
Ursus arctos 
Ursus arctos 


< San Josecito, Mexico 


Homo sapiens 
Home sapiens - 
Homo sapiens | 
Homo sapiens 
Homo sapiens — 
Homo sapiens’ 
Homo sapiens 
Homo sapiens 
Homo sapiens 
Homo sapiens — 
Home sapiens 


‘Tehuacan Valley, Mexico. 


Homa sapiens 


Viru Valley. Peru 
=e Homo sapiens 





Wari, Peru Lama glama 





aximum limits on the actual ages. 


at a amounts of C; versus C, plants or of aquatic versus 
restrial foods in the diet are the two applications of the 
pic method of dietary analysis that have been made to 





er of 5-10%, resulting from diagenetic exchange pro- 
uld thus make dietary reconstruction based on fossil 
te 6'°C values completely unreliable. 
tment of the data reported here, as well as that used 
, Sullivan and Krueger’, is based on the assumption that the 
fossil bone collagen 53°C values have not been altered iby 
diagenetic processes. This may not be a valid assumption” 
However, some of the apatite 5'°C values presented in Table 
1 can be interpreted without resorting to comparisons with the 
corresponding collagen 8°C values. Eight of the 11 samples 
from the Tehuacan Valley come from a single period of the 
z occupation of the site’. There is-no evidence to suggest differ- 
-ences in status among these individuals", Accordingly, it is 
reasonable to expect that their diets, and consequently the bone 
-isotope ratios, would be similar. The 6'°C values of collagen 
-from these samples agree to within 1%, which is consistent with 
this expectation. The 6'°N values of collagen, which have also 
been shown to be determined by diet, for these same eight 
samples have a range of only 1%°. Note, however, that the 
apatite 5°°C_ values for these samples range from —1.9% to 
10.2%. These observations indicate that the apatite carbon 
hese bones has undergone. post-mortem exchange. The large 
range of. 86°C values suggests that individual bones have 









and/or have undergone different amounts of exchange. 
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e-aj ages given for the bones are generally based on sdai obtained for other materials excavated with them and hence e provide minimum and Ai 


. Uncertainties in the estimates of diet 86°C values on 


exchanged with carbon sources of different nec ratios 


The results. presented here demonstrate that bone apatite 
carbonate undergoes exchange with carbon encountered after. 
ic exchange | 
processes can shift the apatite 6"°C values by atleast as much =, 
-as 12%. Uncertainties. of this magnitude i in estimates of diet. 
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58°C values cannot be tolerated, since siideri in the ”cC 
values of different foodstuffs whose relative consumption is of 
interest are only 7-14%. The apatite carbon in some. fossi 
bones may not have | undergone ‘post-mortem - exchange 
However, until a method is developed to. identify such isoto] 
cally unaltered apatite, we conclude that 8°C values of fos 
bone apatite cannot be used to reconstruct ancient diets, 
The following individuals supplied or helped us obtain fossi 
bones: M. West, J. E. Ericson, C. C, Patterson, E. Wing, - 
R. S. MacNeish, J . Wheeler, A. Romano and D.: P. Whistler. 
L. Armstrong and D. Winter performed the X-ray diffrac- 
tion analyses and/or isotopic measurements. ‘This work was- 
supported by NSF grant BNS 79-24756. | . 
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_. Aerobie and aerotolerant organisms have. evolved defenses 
_.. against the toxic effects of molecular oxygen’. One protective 
_ mechanism involves the breakdown of the harmful superoxide 
8 radical by the enzyme superoxide dismutase (SOD). However, 
_. levels of oxygen elevated only slightly above normal atmos- 
- pheric (Po of 159 mm Hg) may overpower a cell’s defense 
systems’ *. Although most animals do not naturally encounter 
oxygen pressures above 1 atm, hyperbaric oxygen levels nor- 
mally occur in the tissues of marine animals that harbour 
intracellular algal symbionts, which in light generate more oxy- 
gen than is consumed by the combined host and symbionts’. 
have now found that sea anemones Anthopleura elegan- 
a (Brandt) containing zooxanthellae (the symbiotic 
ate Symbiodinium microadriaticum) in their gas- 
ermal tissues have SOD activities nearly two orders of 
gnitude greater than indi viduals totally Jacking zooxan- 
hellae. 
= Using oxygen microelectrodes: we. have recorded Po, values 
of up to 328mm Hg i in A. elegantissima gastrodermal tissues 
len the anemone is. exposed to light intensities comparable 
1 33% of sunlight (Fig. e The bubbles. that form on the 






























üre oxygen, as is the case in 1 reef sore “Thus, the host 3 is. 
bjected to a continuous flux of photosynthetically produced 
perbaric oxygen. Much attention has been paid to the 
ualistic aspects. of. alga-invertebrate symbioses (such as 
nsfer of photosynthetically fixed carbon compounds from 
Igae to host in exchange for organic and- inorganic meta- 
Olities)'*’?, yet little consideration has so far been given to 
he possibility of oxygen toxicity. 

: Molecular oxygen preferentially undergoes uitivdlent reduc- 
ions, one product of which is the highly reactive superoxide 
a ion(Oz yr Whether it is the superoxide anion per se or the 
\ydroxyl radical (which; may be produced bya reaction between 
> and H203) that is so destructive to cells. remains debat- 
ble'*™. It is known, however, that O3 induces lipid peroxida- 
n, depolymerizes hyaluronate, inactivates ribonuclease and 
estroys phagocytized bacteria when produced by activated 
olymorphonuclear leucocytes'*'’. Virtually all aerobic organ- 
isms examined contain at least one form of the enzyme SOD’ 
a which catalyses the reaction O; +O; +2H*>H,O,+0,, and 
~ $o prevents the cellular accumulation of O3 and its resultant 
damage. 

>o We considered that A. elegantissima symbiotically associated 
= with greater numbers of zooxanthellae would have propor- 
_. Monally higher levels of SOD activity, to cope with the higher 
= Tate of oxygen production. This has been confirmed: SOD 
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o Table 1 Superoxide dismutase activity and chlorophyll content in A. elegantissima 


di to rath least 6 h direct sunlight: {~ 860 pE m` 


Sunlight + 
Sunlight (control) 1077 M DCMU Darkness Darkness + 3 atm O; 
/ : rotein (U mg | `j 3.81+ 1.84* 1.41+0.477 2.90 + 0.8177 6.18+1.71} 
otein (ug mg "j ERETO 0.5424 + 0.1452* 0.5406+ 0. 1961" 0.5233 +0.1662* 


OD activity and chlorophyll (Chl) content measured after 14 days in each of four treatments: 15°C, n = 10 in each group, mean+s.d. Means ` 
ignificantly. different. by Tukey’s test have same symbols. Control and DCMU-treated anemones were held outdoors in glass aquaria and 
| *s~*) plus an additional 4-5 h of indirect sunlight (~ 680 pE m` 
th a thermostatted i immersion oeer Both dark- treated groups y were nedi ina constant environment room vat 13 ge 
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Fig. 1 Continuous record of changes in Po, in gastrodermal 
tissue of the zooxanthella-containing sea anemone A. elegan- 
tissima during illumination. Using a micromanipulator, a glass 
oxygen microelectrode (Transidyne General) was inserted into 
intact anemones at the base of the tentacles and illumination 
(315 wEinstein m ° s7'). was. provided by high-intensity fibre 
optics. A few crystals of menthol were added to the seawater to” 
reduce the anemone’s movements so that the electrode would a 

remain in position. ae 


activity was found to be. poitikëly correlated with chloroph 
content in symbiotic anemones (Fig. 2). 
Anemones collected from the upper areas of the intertid: 
zone contain significantly (P<0.01) more chlorophyll tha 
anemones collected from the lower intertidal (¥: 
5.21 wg permg protein, s.d. =2,28, n=12 compared with 
2.67 ug per mg protein, s.d. = 1.07, n = 17) (Fig. 2), Photosyn- 
thetically produced carbohydrates are an important source of 
nutrition in A. elegantissima ®”. ‘As compensation for reduced, 
feeding time, high intertidal anemones may rely more heavily 
on algal photosynthate than low intertidal individuals an 
would, therefore, maintain a greater photosynthetic capaci À 
Regardless, SOD activity per pg chlorophyll is identical inh ig 
intertidal (¥ =2.42 U per pg chlorophyll, s.d.= 1.89, n =1 
and low intertidal anemones (¥ = 2.42 U per pg chloroph: 
s.d. = 1.74, n= 17), supporting the idea that SOD activit 
the host is modulated by the amount of photosynthetica 
generated O, and O3 in the tissues. It has also been noted th 
Euglena gracilis raised phototrophically has almost three ti 
the SOD activity of E. gracilis raised heterotrophically”’. 
To examine further the relationship between photosynth 
activity and sea anemone SOD activity, we divided member: 
of a single clone of high intertidal A. elegantissima into four 
groups, which were given different treatments as follows: (1) 
sunlight (control); (2) sunlight plus 107° M 3-(3,4-dichloro- 
phenyl)-1,1-dimethylurea (DCMU) which inhibits photosyn- 
thesis; (3) darkness; and (4) darkness, plus constant exposure 
to 3 atm Oz. As expected, exposure to exogenous hyperbaric 
O, caused an increase in SOD activity of 62% (Table 1). -. 
Chlorophyll content tended to decrease (although not — 
significantly) in both dark groups and in the DCMU-treated 
anemones (Table 1), in agreement with previous reports on the | T 
loss of zooxanthellae in both anemones and corals deprived of | 
light’***, The loss of photosynthetically produced O, by either 
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“Fig. 2. Correlation between SOD activity and total chlorophyll — 

in individuals from eight different clones of the sea anemone A. — 
elegantissima. Clone-mates share numbers and symbiotic | 
-anemones collected from the upper areas of the intertidal zone — 
_are circled. The mean SOD activity of six aposymbiotic anemones ` 

totally lacking chlorophyll is represented by the single solid square — 

(mean. SOD activity = 1.14 x 10°? U per mg animal protein). : 

Regression: y =2.575x-0.013, r=0.738, P< 0.001, n=35, : 

SOD activity, expressed in Units according to McCord and | 

Fridovich”’, was determined using a Clark-type polarographic 

oxygen electrode and a procedure modified from Tyler?*, and | 

from Marshall and Worsfold’’. After homogenizing the anemone, - 

the algal cells were removed by centrifugation (3,000g, 15 min) | 

“and the SOD activity reported is that of the resulting animal — 

supernatant. Chlorophylls a and e, were calculated using the 

equations of Jeffrey and Humphrey?®, following two 10h extrac- ; 

tions in 100% acetone. No chlorophyll could be detected in the - 
homogenization supernatant using this spectrophotometric pro- : 
cedure or by using the more sensitive fluorometric technique of : 
Yentsch and Menzell*’, thus verifying that the algal cells had not . 

been disrupted by the homogenization procedure and that the - 

+ SOD activity is that of the animal tissue. Protein was determined : 

~ according to Itzhaki and Gill’’, and, after tissue digestion in 5% 

: KOH, by the technique of Bradford*’. 





_ chemical inhibition or darkness decreased host SOD activity. 
_ It therefore appears that host SOD activity is altered in response 
to the amount of O- generated photosynthetically by its intracel- 
-dular algal symbionts. 
<. The net production of oxygen by alga~invertebrate associ- 
~ ations has been interpreted almost exclusively as an indication 
of the nutritional contribution of the algae to the host!!! 7, 
although intracellularly produced oxygen has been implicated 
asa buffer against environmental hypoxia. and as a factor 
modifying behaviour in sea anemones”*~”*. The high levels of 
_photosynthetically generated oxygen are a potentially 
deleterious factor in these symbioses. To exploit the benefits 
_of the association while avoiding oxygen toxicity, the host sea 
anemones must maintain levels of SOD in direct proportion to 
their algal complement. : 
= We thank Dr Bruce Sidell for technical advice, discussions 


and critical reading of the manuscript, Dr Leonard Muscatine 











‘cussions. This research was supported by the University of 








~ 11027 (Regulatory Biology) to J.M.S. 






CANIS NR IK RI TTANERAL AEA A 


for comments on the manuscript, and William Zamer for col- 
-lecting and maintaining the anemones and for helpful dis- 


‘Maine Faculty Research Fund and by NSF grant PCM 79- 


7. Crossland, C. J. & Barnes, DLJ, Mar. Biok 40, 185-194 (1977): 
8. Svoboda, A, & Porrmann, T. in Nutrition in the Lower Metazoa (eds. Smith, D.C & .« 
Tiffon, Y.) 87-99 (Pergamon, New York, 1980). 
9. Trench, R, K., Wethey, D. S & Porter, J. W. Biel. Buil, 161, 180-198 (1981). 
10. Mangum, C. P. & Johansen, K. Pacific Sci. (in the press). 
11. Trench, R. K. A. Rew. Pl. Physiol. 30, 485-531 (1979). 
12. Muscatine, L. in Primary Productivity in the Sea (ed. Falkowski, P, G.) 381-402 (Plenum, 
New York, 1980), “a 
13. Hill, H. A. O. Ciba Fdn Symp. 65,5-17 (1979). eS Meas Caen 
14. Halliwell, B. in Superoxide and Superoxide Dismutases (eds Michelson, A. M., McCord, 
J. M. & Fridovich, Í ) 335-349 (Academic, New York, 1977). EAE 
15. Fee, J. A. in Biological and Clinical Aspects of Superoxide and Superoxide Dismutase. feds 
Bannister, W, H. & Bannister, J. V.J 41-48 (Elsevier, Amsterdam, 1980). i 
16, Fridovich, L Science 201,.875-880.(1978). 
17. Roos, D. & Weening, R. S. Ciba Fan Symp, 65, 225-262, (1979). ‘ 
18. Hassan, H. M. & Pridovich, L in Enzymie Basis of Detoxication ied, Jakoby, W. B3} 
311-332 (Academic, New York, 1980) - 
19, Trench, R. K. Prac. R. Soc. BETT, 237-250 (1971). 
20. Fitt, W; K. & Pardy, R. L. Mar. Biol, 61, 199-205 (1981). - 
21. Asada, K, Kanematsu, S. & Uchida, K. Archs Biochem. Biophys. 179, 243-256 (1977). HE 
22, Steele, R; D. J. Zool, Lond. 179, 387-405 (1976). 
23, Muscatine, L., McCloskey, L.R: & Morian, R. E. Limnal. Oceanogr. 26, 601-611 (1981). 
44. Pearse, V, B, Biot, Bull. 147, 630-640 (1974). 
25. Fredericks, C. A. Mar. Biol. 38, 25-28 (1976). 
26, Shick, J. M. & Brown, W. L J. exp. Zool, 201, 149-155 (1977). 
27. Fridovich, 1. & MeCord, J. J:.biol. Chem. 244, 6049-6055 (1969). 
28. Tyler, D. D. Biachem. J, 147, 493-504 (1975). 














29. Marshall, M. J. & Worsfold, M. Analyt. Biochem. 86, 561-573 (1978). 
30, Jeffrey, S. W. & Humphrey, G: H. Biochem: Physiol. Pflanzen. 167, 191-194 (1975). - 
31. Yentsch, C.S. & Menzel, D. W: Deep-Sea Res, 10, 221~231.(1963), 
32. Itzhaki, R. F. & Gill, D. M. Analyt, Biochem. 9, 401-410 (1964). — 
33. Bradford, M. M. Analyt. Biochem. 72, 248-254 (1976), 






Central connections of the 
retinal ON and OFF pathways 


Peter H. Schiller 





Massachusetts Institute of Technology, Cambridge, 
Massachusetts 02139, USA 





Slaughter and Miller have recently demonstrated that in the 
isolated eye cup of the mudpuppy and the rabbit, DL-2-amino- 


4-phosphonobutyric acid (APB) reversibly blocks the O 
responses in the retina: on infusion of APB, ON bipolar, O 
amacrine and ON ganglion cells become unresponsive; recep: 


tors, horizontal cells, OFF bipolars, OFF amacrines and OFF 
ganglion cells are unaffected’. The centre-surround organiz- 
ation of OFF-centre ganglion cells appears unaltered. Ihave 7 
used these findings to determine how the ON-centre and OFF- 
centre retinal ganglion cells, whose characteristics have been 
extensively studied in mammals” 7, exert their influence on the 
neurones of the central visual system. Recordings made in the 
lateral geniculate nucleus (LGN) and striate cortex of the rhesus 
monkey while the retinal ON responses were reversibly blocked __ 
with APB showed that in the LGN, retinal APB infusion _ 
blocked the responses of ON-centre cells and had little effect — 
on OFF- centre cells. The centre-surround organization of OFF- 
centre cells was unaffected. APB infusion eliminated the light- 
edge responses of cortical cells, revealed a dark-edge response 
in some, but had no discernible effect on orientation and direc- 
tion specificities. These results suggest that the ON and OFF 
systems do not interact significantly at the level of the LGN, — 
but do so in the striate cortex. =< 0 \ 
Surgery was performed on rhesus monkeys under sodium F 












. OFF-centre cell Op PB: ' 
| i in cine LGN and striate cortex of 10 animals. l 
cases we recorded simultaneously with two electrodes, 
with one in each LGN, or with one in the LGN and th 
in the striate cortex. Stationary, flashing spots or moving | 
bars were presented on a tangent screen with a computer-dr 
optic bench’. The effects of APB infusion were studi 
124 LGN (78 single cells) and 55 cortex sites (41 single cell 
their receptive fields were within 12° of the fovea. While record 
ing in the LGN it was often also possible to monitor the activay 
of retinal ganglion cell axons”? : 
In the LGN, brief 1-3-min infusion of 100-200 uM APB 
effectively blocked the activity of ON-centre cells within 1- 
3min. In successful preparations, parvocellular ON-centre 
cells, most of which have colour-opponent receptive feld 
properties!” 3 were blocked the whole time. Magnocellular 
ON-centre cells, which have broad-band receptive field proper- 
ties''~'?, were more resistant to APB infusion; their responses: 
were generally blocked several seconds later than those of 
parvocellular cells, and in some animals the response wa 
reduced but not entirely eliminated. Therefore, to be cert 
about the extent to which ON responses were blocked whi 
we studied ON-OFF interactions, we always assessed 
responses of cells in the. ‘magnocellular lamina. The data 
ported here are based on those cases where we established tł 
E N ee both the magnocellular and parvocellular responses we 
R-LGN hg L-LGN blocked by our infusions. For the most part, OFF-centre | 
9-17.78 17-17.18 were not significantly affected by the APB. Figure 1 shows 
Fig.1 The effect of retinal APB infusion into the left eye (200 pM effects of APB infusion on an ON-centre and an OFF-cen 
APB for 1 min) on two simultaneously. recorded single cells, one cell recorded simultaneously with two electrodes in the LC 
7 ight I id the other i The infusion abolished the responses of the ON-centre cell ar 


pai ofe all wa : had little effect on the OFF-centre cell. Recordings from retina 
POE using two light beam, presented di rhe rare of Sog Sanglion cell axons showed similar effects. 
a - To determine the extent to which the centre-surrou 


ith 30 repeated stimulus presentations. The histograms. on top 

were obtained before APB infusion, those in the middle after the antagonism observed in LGN cells i is pr oduced by the conver 
- infusion had blocked the retinal on responses, and those on the gence of the ON and OFF channels, we selectively stimulate 
_ bottom after the ON-centre cell had recovered. APB abolished the the centre and surround of LGN cells before and during AP] 
: responses of the ON-centre cell and had no- significant effect on infusion. Figure 2 shows one of the several methods we used 


the OFF-centre. cell, The receptive field centre was stimulated with a spot of ligh 
ON -centre cell | | _ OF F-centre cell 
l Normal ; 


40- 


" Monkey J, LGN 8-16.3 = ~ MonkeyJ, LGN 8-17, 


Surround ON | 7 rre N Surround ON 


sihe responses of an ON-centre and an OFF-centre colour-opponent cell to centre in surround stimulation before and after 200 uM 
cof APB into the eye. The centre stimulus (0.75° green spot for the ON-centre cell and 0.75° red spot for the OFF-centre cell) was 
for 1s every 2s. The surround stimulus (9° red spot for the ON-centre cell and 9° green spot for the OFF-centre cell) was flashed. 
60 ms twice during each cycle, first 320 ms after the centre spot appeared and second 320 ms after the centre spot was extinguishec 
he surround stimulus appeared alone, it yielded a response opposite in sign to that produced by the centre stimulus. Each histoprar 
d on 30 O YES APB) infusion blocked all the responses elicited from the ON-centre cell and had no o-significant effect on the. respa 
-of the. ER conire cell. es oe O ee 











with the centre: spot on and | once s with the spot. ‘extinguished. 


















“In the ON-centre cell, the surround stimulus, when paired 
alone, it yielded a response opposite in sign to that produced 


nated all the responses of the ON-centre cell, including the 


or the cat’* "5, 
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Fig. 3 The responses of a complex cell in striate cortex to a 
moving 1° wide light bar, as shown in the inset, before and after 
the infusion of 200 uM APB into the eye, The stimulus was moved 
across the receptive field at 4° per s. Data were collected for 30 














- light-edge (L) and. dark-edge (D) responses. APB blocked. the = : 
-lght-edge response and dane little effecto on the dari edos epore 






Figure 2 shows the responses of an ON- and an OFF-centre . 
ell for such conditions of stimulation. Both were colour- 
pponent cells, and were stimulated accordingly. The centre of- 
the first cell was activated with a small green spot, while the. 
; urround was stimulated with a large red spot, The opposite 
rrangement was used for the OFF-centre cell, which for its. 

entre required a red stimulus and for its surround a large green | 


with the centre spot, caused inhibition; when it was presented | 
by the centre stimulus. APB infusion (200 uM for 1 min) elimi- 


OFF response produced by surround stimulation. Similar 
infusion did not have a differential effect on the centre and 
surround responses of the OFF-centre cell; the ON response 
produced by the surround stimulation while the centre spot was 
n persisted. The centre-surround organization of OFF-centre. 
road-band cells was also unaffected.by APB infusion. These. 
ndings: suggest that the enhanced centre-surround antagonism. 
of LGN cells, evident in both cat and monkey'''?"*, is not. 
roduced, in the monkey at least, by interactions between the 
ON and OFF channels, as some investigators have suggested 


In the striate cortex we anwa the effects of APB infusion 
on the light- and dark-edge- responses of cortical cells, their. 
directionality and their orientation specificity” £ When the ON. 
esponses were blocked by APB infusion in both the parvo- 


leading light edge and the trailing da ‘edge 
: E dues by the. input. from the ON channel. In some cortical 


S ‘shows: one such exataple.. This simple cell’, 
` the same fashion as the cell shown in Fig. 3, 
toa light edge: Infusion of 1004 4 
Ei ienr dge. isé, ar 


repeated. trials. The vertical lines show expected location of the ss 7 
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Fig. 4 The responses of a dimple selli in athe striate cortex before 
and after the infusion of APB. A 1° wide light bar was swept across 
the receptive field from left to right at 2° per s. Each histogram is 
the result of 30 repeated sweeps. The vertical lines show the 
expected location of the. light-edge (1) and- dark-edge (D) 
responses. a, Normal response during infusion of control perfu- 
sate; b, response after infusion of 100 uM APB had taken effect: 

c, partial recovery after termination of APB infusion: d: full 
recovery following termination of APB infusion. APB infusion- 

uncovered a dark-edge response for this cell. 


cellular and magnocellular layers of the LGN, the light-edge. 

response of cortical cells was eliminated, Anexample obtained ` 
from a complex cell is shown in re 3. The cell was stimulated o 
with a moving light bar, which elicit 5 












infusion of 200 uM 
APB eliminated the light-edge: response suggesting that it is 












> evident. Figure 4 
x when stimulated in © 
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hat. in. addition p to ‘convergent excitation, 
hibitory. interactions can also occur between the 

FF channels in the striate cortex. 
rientation and direction specificities of cortical cells 
assessed by examining the responses of cells to light and 
edges which were moved across receptive fields in various 
sntations in random order before, during and after blocking 
he retinal ON system. The directionality and orientation selec- 
tivity of the cortical cells we studied were unaltered by APB 
infusion, suggesting that these attributes are not produced by 
_ interactions between the ON and OFF channels!’. Work carried 


out concurrently by J. C. Horton and H. Sherk using a different 


procedure has yielded similar results in the cat'® 
- Thus, my results suggest that in the rhesus monkey ON-centre 
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physiological : action of 
kainic. acid and folates in 
the in vitro olfactory cortex slice 


R. Auker*, D. J. Braitmant & S.L. Rubinstein 


logy Departnient, Armed Forces. Radiobiology Research 
te, Bethesda, Maryland 20814, ‘USA 


“has mounted. that kainic acid: (KA), a. powerful 
ex itatory and neurotoxic -agent a acts at a Aperis, class of 


gand for. the This has prom receptors. Recently, Ruck et al“ 
oma that the naturally occurring. folic. acid. ‘derivative 


etitor for KA-binding sites i in rat cerebellar membranes, hav- 

ig one-tenth the binding activity of KA at these sites. They 
uggested that MTHF may be the endogenous KA receptor 
ligand. Olney et al.* found that injections of various folates— 
MTHE, folic acid (pteroyl-L-glutamic acid, PGA), or folinic 
acid (formyltetrahydrofolate, FTHF)—into rat amygdala and 
triatum produced KA-like seizures and associated brain 
damage at sites distant from the site of injection. However, 
ese folates did not mimic the direct neurotoxic effects of KA 
at the injection site. Furthermore, Roberts et al.° reported that 
- MTHF injected into rat cerebellum produced slower and less 
S complete neuronal degeneration than did KA and, unlike KA 
and glutamate, did not increase cerebellar cyclic GMP levels. 
In light of the contradictory results from these binding, histo- 


-. Jogical and biochemical studies, we have tested the electrophy- 


_. siological equivalency of KA and the folates in rat olfactory 
cortex slices. KA is a potent agonist at the receptors of the 


- _ terminal synapses of the lateral olfactory tract (LOT); in fact, 


_ the natural transmitter at this synapse appears to act at a 
KA-preferring receptor’. Also, olfactory cortex is extremely 
ensitive to the neurotoxic action of KA*. We report here that 
THF, FTHF and PGA had little or no effect on LOT-stimu- 
ited field potentials even at millimolar concentrations, whereas 
xhibited excitatory effects at concentrations as low as 

1. It therefore seems unlikely that MTHF or the other 
popeseos Nganda for the KA receptor in olfactory 


phtha ology Department, Georgetown University Medical Center, 


ie ERG LEANngIK 
centre and © OFF-centre LGN cells’ respectively. 


inhibition observed in LGN cells does not appear to bes a pre 
of the interaction between the ON and OFF channels. In 1 
striate cortex the ON and OFF channels converge, with the 
light-edge response often produced by the input from ON- 
centre cells and the dark-edge response produced by OFF- 
centre cells. Inhibitory interactions between these channels are. 
evident in the cortex. The orientation and direction specificity 
of cortical cells were unaffected by blocking the ON system, 
indicating that each channel has access to the mechanisms _ 
responsible for these attributes. ne 
I thank Denice Couch-Helwig, Martha Rhodes and Nancy 
Stec for their assistance. This work was supported in part byo 
NIH grants EY 02621 and EY 00676 and NSF grant — 
BNS 8019714. | 
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Thin ia (300-450 Ae of rat ene cortex were ‘cut 
and incubated as previously described’. Each slice was trans 
red to a recording chamber that was constantly perfused v 
oxygenated normal Ringer’ s solution. The LOT was stimulats 
with double shocks of 20-50 V- intensity and 50 ys duration 
a tungsten bipolar electrode placed across the tract. Paired 
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Fig. 1 Effects of KA and folates on LOT-stimulated field poten- 
tials in rat olfactory cortex slices. Each trace shows two field 
potentials in response to double shock stimulation of LOT. As 
previously reported, the second field potential of each pair is larger 
than the first”. Initial downward deflection in each trace is the. 
beginning of the e.p.s.p.'’. Rapid upward deflection is due to the = 
superimposition of the population spike onto the slow wave com- 
ponent of the field potential’ . The arrows in a and b indicate’ 7 
the population spike in the second field potential. Spiking in the 
late wave of the field potential indicates as asynchronous neural ~ 
firing. Slices were superfused with: a, 5x10 M KA for 15 min; 
b, 107 M KA for 5 min; c, 1074 M FTHF for 15 min; and d, PGA 
for 20 min. The duration of wash was equal to or greater than . 
duration of treatment. FTHF was prepared in oxygenated Ringer’ S 
just. before use: and was piotenied? from light. oe Papenmen 
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Fig. 2 Lack of agonist ia antagonist activity of MTHF i in rat 
‘olfactory cortex slice. a, Control: cortical field potentials evoked — 
by double shock to LOT. Effect of treatment b, for 10 min with ` 
` 1074M MTHF; c, for 8min with 5x 10-°M KA. d, Effects of : 
combined t treatment for 7 min and 30s with both 10% M MTHF ` 
and 5x 10°°M KA. e, Wash for 31 min. MTHF was prepared in- 
oxygenated Ringer’ s just before use and was protected from light » 
during experiment. 


eck were separated by 60 ms ‘and administered every 4s. 





maximum amplitude. Glass micropipettes with ~50 pm cut tips 
were filled with normal Ringer’s solution and used to record 
field potentials from the pial surface of the slice. After recording 

able control field potentials for several minutes, the perfusate 
was changed to a Ringer's solution containing either KA, PGA, 


tions of these agents ranged from 107° to 10°? M, and perfusion 
“times from 5 to 30 min. This was followed by a wash in normal 
<= Ringer’s for a period of time equal to or greater than that of 
< „the drug treatment. 

“>> KA administered in concentrations >10°*° M exhibited dose- 
: «dependent excitatory effects on the LOT-stimulated field poten- 
tial, The lowest effective bath concentration, 5 x 107M KA, 

increased the amplitude of the population spike, indicating an 


-increase in synchronous neuronal firing, but had little effect on. 
~ the slow wave representing the population excitatory post- 


= synaptic potential (e.p.s.p.) (Fig. 1a). At higher concentrations 
(Figs 1b, 2c), KA application resulted in an initial increase in 

the width and amplitude of the population spike followed by 
-a-decrease in amplitude of the e.p.s.p. As the e.p.s.p. 
‘approached the point of abolishment, the population spike 
‘increased to maximum size and then decreased. and disap- 
peared. These events appear to represent excitation followed 
by depolarization. block. The actions of KA were reversible if 
wash with normal Ringer’s was initiated no later than the time 
-of disappearance of the population spike. In contrast to KA, 
PGA (Fig. 1d), FTHF (Fig. 1c) and MTHF (Fig. 2b) had little 
_or no effect on. the LOT-stimulated e. p.s.p. or population spike 
even when administered in concentrations as high as 1 mM. At 
‘concentrations 210°*M,~ these. substances occasionally 
increased asynchronous spiking during the late stage of the field 
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i the K KA concentration), 


Shock intensities were adjusted to produce field potentials of 


MTHF, FTHF, or a combination of KA and MTHF. Concentra- 


tially invariant sequence of cell divisions” 


potential, an action consistent with the weak excitatory effects 





it seems. ; at the folates are a 
physiological ligands for the KA receptor. <a Mee 
As MTHF has been reported to be a potent competitor for a 
KA- binding sites in rat cerebellum® but does not seem to be 
an agonist in rat olfactory cortex, we tested whether MTHF is 
an antagonist at the KA receptors. MTHF (10°* M) and KA 
(5x 107° M} were individually and then simultaneously bath- 
applied to the slice during LOT. stimulation. KA alone 
decreased the amplitude of the e.p.s.p. and increased the ampli- _- 
tude of the population spike, whereas MTHF alone had no 
effect; in combination with KA, MTHF neither diminished nor =~ 
slowed the effects of KA on the e.p.s.p. or the population spike ao 
(Fig. 2). Thus MTHF does not appear to be an antagonist at S 
the KA receptor in olfactory cortex. : 
Evidence exists that the folates can excite central nervous 
system neurones. Davies and Watkins’ showed that cat cortical 
neurones were weakly excited by PGA and FTHF, and Loots 
et al. (cited in ref. 4) have shown that MTHF depolarizes frog -} 
spinal cord neurones. However, neither of these studies ~ 
examined the relationship between the actions of the folates _ 
and KA. We have directly compared the electrophysiological |. 
effects of the folates and KA ina system that has been demon- 
strated to have KA receptors, and in which the endogenous 
transmitter has KA-like activity’. In this system, neither the 
folate derivatives (FTHF and MTHF) nor folic acid itself repro- 
duced the effects of KA. Thus the folates cannot be considere 
to be the natural KA ligand at the terminal synapses of th 
LOT, The apparent discrepancy between our electrophysiolo 
cal data and the binding data of Ruck ef al.* may reflect i 
existence of different KA receptors in different brain regions, 
or (2) coexistence, in the same brain region, of at least two 
types of KA receptor, one that binds KA but not the folates 
and has electrophysiological effects, and another that binds KA 
and the folates but has. no electrophysiological effects measur- e 
able by our techniques. - oS 
This work was supported by the Armed Forces Radiobiology - 
Research Institute, Defense Nuclear Agency, under research 
work unit MJ 00005. The views presented in this paper are 
those of the authors. No endorsement by the Defense Nuclear 
Agency has been given or should be inferred. : 
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The nematode Caenorhabditis elegans develops by an essen- — 
i * leading to an adult : 
complement of 959 somatic cells. In this organism cell fate is 
correlated with cell lineage, suggesting that genealogy may be 
a determining factor for the differentiated state of a cell. The _ 
study. of mutants wi altered. cell lineages may help elucidate 

: mechanisms by which cell fate is: decided. ‘Several ~ 







































ay be due to an intrinsic dominance of one cell ae over 
another in what is essentially a fused cell, and/or it may reveal 
“the state of commitment of the precursor in wild-type animals. 

We have studied two very similar mutants unc-59(e 1005) 
~ and une-85(e 1414), both of which are variably blocked in some 

Of the later divisions of the lineages that produce the adult 
< complement of motoneurones in the ventral nerve cord*5, 
These lineages have been characterized in wild-type animals 
by following the development of living animals in the light 
icroscope’. The nuclei of 12 precursor cells (designated P1- 
2) migrate into the ventral cord during the first larval stage; 
ce then divides to m a neuroblast and a ne alla 





-spindle axes, "and daa cells maintain “their relative 
antero-posterior positions throughout development. Certain 
-cells derived from some of the neuroblasts die soon after their 
_ formation; the pattern of cell death is invariant. 

, be | structure of the: ventral cord of ee animals has 








































ths, the a celis a differentiate i into five distinct 
sses of motoneurone designated VA, VB, VC, AS and VD 
ig. ). Classes are defined on the basis of patterns of synaptic 
ections (see Pn, Table 2) and morphology (Fig. 2). Either 
rion is sufficient to assign a cell to a class. 

The post-embryonic. development of ventral cord cells was 
observed in several unc-59 and unc-85 animals. In these 
mutants, P-cell-derived neuroblasts produced fewer progeny 
cells. than normal (Fig. 1), because some cell divisions failed. 
The set of affected cells varied between animals. Failures resul- 
ted in polyploid cells; sometimes the nuclei failed to divide 
DNA replication, and sometimes apparently normal nuclei 
fo med but then fused to form a tetraploid nucleus or remained 


Tabi t Post-embryonic development of Pcells from unc-85 and unc-59 animals 













Scis Mutant Blocked precursor Cell type 

unc-8S P3 VA/VB/* VB 
P3 AS/VD VD 
P4 VA/VB/* VB 
P53 VA/VB VB 

Pé VA/VB/* VBE 

P6 AS/VD VD 

unc-S9 

Animal I P30 VA/VB/VC VB 

P3 AS/VD VD 

Animal 2 P8 VA/VB VA 

P8 AS/VD VD 

P9 VA/VB/* VA 

P9 = AS/VD VD 

P10 VA/VB/* VA 

PIO AS/VD VD 

Pil VA/t/? VAT 

Pi 1 AS/VD VD 










these lineages a VC nucleus was produced but was not present when the 
‘was reconstructed. These nuclei probably either fused to make a 
'B/VC or died. 

cells lineally equivalent to VC in the PI1-P2 and P9-P12 lineages and 
AL ay lineages PPRT aderga stile a cell death’. 














VA VB VC AS P3. P4. PS PE P78 P8 
VA VB X AS VD P2.PgaPIO 

VA x x AS VD PH 

AVE VB x AS VD PI 

VA X Xx PDB VD pr 


Fig. 1 The ventral cord precursor cells P1-P12 are hypodermal cells 
(G.W. unpublished observations). Their nuclei migrate into the ventral 
cord and each divides to produce a. ventral hypoderma! cell (H) (which 
functionally replaces the mother) and a neuroblast. All 12 neuroblasts then 
undergo identical series of divisions- to produce five descendants’. All 
spindle axes are longitudinal; in the diagram anterior daughters are drawn 
to the left and posterior daughters to the right. The fates of the descendants 
from each precursor are shown, Cell types have been assigned on the basis 
of cell morphology and synaptic connectivity’. Precursors P3-P8 produce 
five classes of ventral cord motoneurone (VA, VB, VC, AS, VD). In the: 
Pi-P2 and P9-P12 lineages, cells: lineally equivalent to VC neurones: 
undergo programmed cell death (X); as do cells lineally. equivalent to VB 
neurones derived from P11-P12. Alternative fates are seen for some of 
the cells derived from the two precursors at the ends of the cord (P1, P12): 
P1 produces an-AVF interneurone instead of a VA, and P12 produces. a a 
PDB interneurone instead of an AS. (AVF and PDB are two distinct classes. 
of interneurone which are quite dissimilar to the motoneurone classes. J 
These alternative fates are probably specified by local interactions'"*. Jn 
the unc-59 and unc-85 animals, certain cells which divide in the wild-type“ i 
fail to do so. Such cells are labelled according to the fate of their normal 
descendants, for example, an AS/ VD cell should have divided to produce 
an AS anda VD neurone. 















separated in a binucleate cell’, PR; and unc-85 individual 
that displayed several examples of undivided ventral cord nucle 
were selected for reconstruction from electron a o 
serial sections. 
In both unc-59 and une-85 Amik all blocked cells wer 
found to have differentiated into neurones. Most of these 
neurones could be unequivocally identified as belonging to o 
of the motoneurone classes normally produced from the 
lineages; specifically, the blocked cells acquired the differenti 
ated characteristics of one of the daughter cells that woul 
normally be produced. These results are summarized in Tab 
1. All blocked VD/AS precursors differentiated into cells th 
had all the distinguishing characteristics of VD motoneurone : 
(Fig. 2, Tables 1, 2), VA/VB or VA/VB/VC. precursors. : 
differentiated into VB-like cells in the anterior ventral cord — 
and into VA-like cells in the posterior ventral cord (Tables 1, _ 
2). The choice of VA versus VB for the blocked precursors. 
may be related to the regional preference exhibited by the | 
progeny of these precursors in wild-type development: a VB _ 
but no VA is produced by the anterior P1 lineage, whereas a _ 
VA but no VB is produced by the posterior P11 and Pi2 
lineages (Fig. 1). ee 
Several differences were apparent between the blocked pre- 
cursors and the corresponding cell types in wild-type animals: — 
the blocked cells had more synaptic inputs (Table 1), larger | 
nuclei and extra branches (Fig. 2). These extra branches were _ 
generally devoid of synapses and had none of the characteristics 
of the other cell type. Even more extensive branching has been — 
seen from precursors that are blocked earlier in ventral cord 
lineages in the mutant lin-5 (ref. 7). The supernumerar 
branches may be a consequence of the polyploid nature of thes 
cells; perhaps the total process length produced from a give 
neurone is proportional to its ploidy. The embryonically 
duced neurones in this region (that is, the DA, DB and | 
motoneurones®”) were normal in morphology and connectiv: 
The observation that characteristics of some cell types w 
es aes normali in the blocked e implies that the norn 
















from the. precursc rs: P3-P6 

Jare shown for wild type {ay 

and unc-85:(b). The wild-type 

structures are as described in N EEE REA Ahen ir a 

ref. 6, and the mutant struc- ES ; a Sines 

“tures were derived, . ‘using 

‘similar techniques, by recon- ut f 

struction from 3,000 serial l i i BE y a ee 
section electron micrographs i AS$ 7 a re oar 

from an animal of known | TE Pa =: Ñ = | Ld 

lineage. Four of the five Lo ii 

motoneurone classes derived ASS 

























from the P-cells are shown: : 

VA, VB, AS and VD {class : b d l 
CVC has been omitted, because __ y O Ves 

it has few -distinguishing A" ENV V Gn? 
characteristics). The extent of Y e 2 
-o the processes in. the ventral } . | 
‘cord and. the positions of the 
tell bodies (-@-), neuro- 
muscular - junctions (NMIJs)} 
(AAA), commissures (+) and 
synaptic input (je) are shown. 
he horizontal. axis is . 
equivalent to the longitudinal i 
axis of the animal {anterioris e- 
drawn to the left); the vertical vee 
xis has been used simply to separate the neurones into their respective dae VA neurones, which TE anteo. dirėcted axons, E a regular sequence of - 
. regions of motor activity with little or no overlap between adjacent members of a class. VB neurones are similar but have: posteriorly directed axons. VA neurones `: 
receive their synaptic input in a dendritic region near the cell body on a branch opposite. the axon; VB neurones. receive their synaptic input predominantly atthe | 
cell body. The axons from class AS motoneurones lead to the dorsal cord via commissures and innervate dorsal muscles: They: have a short dendritic region in the . 
ventral cord. The axons from VD neurones end abruptly in gap junctions to axons from adjacent VD neurones, The: dendritic. regions behave in a similar fashion 
in the dorsal cord (not shown) and connect to the ventral cord via commissures. In the unc-85 animal, the VA/ VB-blocked precursors from P3-P5 had morphologies. 
similar to wild- -type VB neurones, forming NMJs from posteriorly directed axons. The blocked VAS VB precursor ‘trom P6 had failed to grow an axon. The AS/VD. 
ecto from } Pa and PS had: divided iba and each et speared yi normat AS and. VD. P daughter poe blocked ASIND: cells $ from APA 3 and P61 
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few extra ‘branches and more synaptic inputs. 





Smplenient of wild-type cell divisions i is not a necessary pre- 
quisite for the differentiation of these cell types; however, _ | 
Or e other cell cycle event. (such as DNA replication’ *) may characterization of eek aie are 
ye required, Blast cells that are blocked earlier in a lineage _ levels may. shed some e light o on ‘these 
ther by drugs™'™ or in the mutant lin-5 (ref. 7), also exhibit 
haracteristics of their normal descendants, but in these cases 
haracteristics of several cell types may be present in one 
olyploid cell. ce may be a result of either localized differenti- 
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the failure to divide as ‘the cause of their ap 





of: apan of one cell type in the undivided, 
tetraploid precursors of unc-59 and unc-85 may be 
us there i is an intrinsic mutual exclusivity in the expression 
type such as has been described for certain fused cells" 
cultured sympathetic neurones”. An alternative interpreta- 
on of these observations is that the differentiated state of the 
ECUTSOTS reflects the state of commitment of these cells in 
wild-type animals; thus, one of the daughters would normally 
_ inherit the state of commitment of the mother. Some support 
_ for this notion is provided by observations of mutants in the 
genes unc-86 and lin-4; these mutants undergo extra cell 
< divisions in specific lineages. In these cases one of the daughters 
> reiterates the characteristic divisions of the mother in a stem 
cell manner’, indicating that it has the same state of commit- 
ment as its mother cell. These two interpretations are not 
_ necessarily incompatible if cells may only express one state of 
: Sentiment at any time because of an intrinsic mutual exclusiv- 
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i ytocin induces regression. of corpora lutea when administered 
-to several domestic species 1-3 and a role for endogenous oxy- 
ae _tocin i in controlling the ovarian cycle is supported by the delay 
_ in luteal regression observed in sheep which have been immun- 
ized against oxytocin*. Although the posterior pituitary is the 

major source of oxytocin released at parturition and before 
_. suckling, recent evidence suggests that during the oestrous cycle 
| the ovary may also secrete’ ‘oxytocin. Circulating oxytocin and 
_ progesterone levels. change i in parallel during the oestrous cycle 
and after ovariectomy*”’, and the corpus luteum“ (but not other 
ovarian tissues [A.P.F.F. and E.L.S., unpublished]) contains 
high concentrations of oxytocin. We now extend this evidence 
y howing that in sheep, the concentration of oxytocin in 
arian venous blood exceeds that in arterial blood, and we 





din F Fix analgae.. 

ents with Estrumate (cloprostenol, ICI 80996) have 

iat when this potent prostaglandin F,,, analogue is used 
teal: gression, the resulting decline in plasma pro- 
F ccompanied. by. a drop in jugular 

















nee oxytocin which lasts up to o 40n min. The a att 
transient increase is absent in ovariectomized sheep prom 
us to measure the veno-arterial concentration difference fo 
oxytocin across the ovary. ; 
Anaesthesia was induced in four Clun Forest ewes 11- 14 
days after oestrus with intravenous pentobarbitone sodium and 
maintained after intubation with fluothane in oxygen. Mean 
oestrous cycle length in the flock was 16.5 days. Ovarian venous. 
blood was collected from ovaries containing corpora lutea by | 
inserting a polyvinyl catheter into an ovarian vein within 2cm 
of the ovary and passing it towards the ovary. In two animals- 
catheters were also inserted in ipsilateral utero-ovarian veins — 
and directed away from the ovary. To allow collection of arterial 
blood and blood draining the posterior pituitary catheters were- 
also inserted into a branch of the contralateral uterine artery 
and into the external jugular vein. Plasma was prepared from“ 
heparinized blood samples. and oxytocin and progesterone 
levels measured by specific radioimmunoassays“. A high con~ © 
centration of progesterone in the ovarian and utero-ovarian 
veins confirmed that blood was collected from an ovary bearing — 
a corpus luteum. ie 
Estrumate (125 wg, intramùsčülirly) caused a rapid (within 

5 min) release of oxytocin from the ovary, which was maxim: 
10-20 min after treatment (Fig. 1). At peak oxytocin titres 
veno-arterial concentration difference of up to 20 ng ml! w 
measured across the ovary (in an animal bearing two corpora 
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Fig. 1 Oxytocin concentrations measured by radioimmunoassay® í 
in plasma from the ovarian vein (@), uterine artery ( (Ojand jugular: 
vein (A) of four sheep 11~14 days after oestrus. Values are mean ` j 
+s.e.m. Ovarian venous concentrations from one animal bearing: - 
two corpora lutea in the sampled ovary have been halved; thus - 
values are per corpus luteum. Estrumate (125 4g) was ~~ 
administered intramuscularly at r= 0 (arrowed). Anaesthesia was 
induced with pentobarbitone sodium and maintained with: 
fluothane in oxygen. The antibody used in. the radioimmunoassay 
showed negligible (<0.01%) cross-reactivity with argini 
vasopressin, vasotocin, luteinizing hormone-releasing hormo 
ovine luteinizing noel progesterone an : ‘loprostenol. 
















































































, : 7 i those in the 
‘iy a factor of 4.3 (mean of six samples taken simultaneously; 


‘cretion by. the pituitary either before or after administration 
of Estrumate; the mean concentration ratio jugular vein/artery 
for oxytocin was 1.1 (n =29 samples). The concentration of 
‘oxytocin in blood draining the ovary exceeded the arterial 
‘concentration in samples taken before administering Estrumate 
by a factor of 2.8 (n = 12; P<0.001), indicating basal ovarian 
secretion of oxytocin. 

= These observations show that oxytocin is released into the 
ovarian vein both before and after prostaglandin treatment; 
«~ thus oxytocin is secreted by the ovary. It is not certain, however, 
whether the oxytocin released is synthesized in the ovary or 
sequestered in it from the blood stream (for example, bound 
¿to a receptor on the plasma membrane). The demonstration 
that oxytocin is released from the ovary before Estrumate 
-administration must be interpreted with caution, as manipula- 
tion of the uterus during insertion of catheters may have caused 
Sufficient uterine secretion. of prostaglandin F;, to stimulate 
ovarian release of oxytocin’. 

| Assuming a minimum ovarian venous blood flow of 
= 10 mI min, and correcting ovarian venous concentrations for 
those in arterial blood, it can be calculated that during the 
40 min following prostaglandin treatment average ovarian 
release of oxytocin was 0.24 ug per corpus luteum. This is 
approximately 20% of the luteal content of oxytocin reported 
by Wathes and Swann’, and therefore it appears that a large 
proportion of the oxytocin contained in the ovary is available 
or release in response to prostaglandin stimulation. Although 


"aa to stimulate ovarian oxytocin secretion, it seems likely 


1a oxytocin i is also secreted in response to endogenous pros- 
ndin F,,, released from the uterus during the oestrous cycle. 
hronous surges of oxytocin-neurophysin, or of oxytocin 
If, and of 13,14-dihydro-15-ketoprostaglandin Fa (pul- 
ary metabolite of prostaglandin Fz.) have been observed 
eep (ref. 10 and A.P.F.F. and E.L. S., unpublished) and 
in secretion has been reported in other species in 
se to native prostaglandin Faa °”. 

tian oxytocin may be involved in limiting luteal pro- 
one secretion by a local mechanism: oxytocin has been 
‘to inhibit steroidogenesis in ovarian’? and testicular’ 
. It may also act systemically to augment the uterine 
tion of prostaglandin Fz. `, thereby ensuring rapid comple- 
tion of luteal involution, or lead to the reduction in luteal blood 
flow which occurs at luteolysis’®: oxytocin has been reported 
to show vasoconstrictor properties in the mammary gland in 
some conditions’’. However, as in so many cases of well estab- 
lished hormones being discovered in novel places'*, the physiol- 
_ Ogical role of ovarian oxytocin remains to be determined. 


Received 16 March; accepted 13 April 1982. 


1. Armstrong, D. T. & Hansel, W. J. Dairy Sci. 42, 533-342 (41949), 
= Milne, J. A. Aust. vet. J. 39, 51-52 (1963). 
. Cooke, R. G. & Knifton, A. Theriogenology 16, 95-97 (1981). 
Cie Sheldrick, E. L., Mitchell, M. D. & Flint, A. P. F. J. Reprod. Fert. 89, 37-42 (1980). 
ciis Webb, R, Mitchell, M. D., Falconer, L & Robinson, J. S. Prostaglandins 22, 443-483 
eo (98h). 
“6, Sheldrick, E. L, & Flint, A. P, F. Prostaglandins 22, 631-636 (1981). 
oe Schams, D., Lahlou-Kassi, A. & Glatzel, P, J. Eadoer. 92, 9-13 (1982). 

8. Wathes, D. C, & Swann, R, W. Nature 297, 225-227 OR}, 

9. Roberts, J. S., Barcikowski, B., Wilson, L. _Skarnes, R. C. & McCracken, J. A. J. Steroid 
a Biochem. 6, 1091- 1097 (1975), 
Q, Fairclough, R. J. ef al. Prostaglandins 20, 199-208 (1980), 
od. Eflendorff, F. eral. Br. J. Pharmac. 62, 412P (1978), 
“42. Gillespie, A., Brummer, H. C. & Chard, T. Br. sted, J. 4, 3543-544 11972}, 

3. Tan, G. J. S., Tweedale, R. & Biggs, J. S. G. J. Steroid Biochem. 14, xiii (1981), 

4, Adashi, E. Y. & Hsueh, A.J. W, Nature 293, 650-652 (1981). 

McCracken, J. A. Adv. Prostaglandin Thromboxane Res. 8, 1329-1344 (1980). : 
5. Pharriss, B. B., Cornette, J. C. & Gutknecht, G. D, J. Reprod. Fer. Suppl. 10, 97-103: 
£4970). 
7. Linzel, J, L. in Lactation Vol. } (eds Larson, B. L., & Smith, V. R: , 143-225 (Academic, 
New York, 1974). . 
18. Sharpe, R. M. J, Reprod. Fert. 64, 





517-527 a 1982). 


| aa vein a 


f Racial difi 


:P_<0.005 by analysis of variance). There was no detectable 


the present experiments we used an analogue of prostaglan- 
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The prevalence and severity of essential hypertension varies _ 
greatly among human populations. Some of this variation is ™M 
undoubtedly due to differences in dietary Na* levels’. However, 

even within groups which consume large amounts of salt, not 

all members develop increased blood pressure. Furthermore, 
the clinical expression of hypertension varies among races, and ` 
American blacks have particularly severe symptoms. These K 
observations, in addition to a familial pattern in the occurrence 
of essential hypertension, suggest important genetic influences. — 
Recent studies, primarily of northern European populations, 
have demonstrated abnormal erythrocyte Na* transport in 
affected individuals’* and in approximately half the members _ 
of kindreds founded by | a hypertensive progenitor**. We have | 
found that red cell Na* transport can be assessed simply by | 
measuring the unidirectional passive influx of ”Na* into 
ouabain-treated erythrocytes’ and have applied this technique 
to American blacks with essential hypertension. The results 
suggest a complete absence of the abnormal erythrocyte Na* 
transport which is characteristic of white patients with essential 
hypertension. Thus, among American blacks, essential hyper- 
tension may have either a different genetic basis ora substan- 
tially different expression. — = 

The white and black patients investigated had had supine 
diastolic blood pressures. exceeding 95 mm Hg for at least 2yr, © 
and secondary hypertension was excluded by normal renal 
function and (in most cases) normal intravenous pyelogram. 
Normotensive controls had supine diastolic pressures of 
<85 mm Hg and negative family histories for essential hyper- 
tension. All patients were haemoglobin AA, as determined by 
isoelectric focusing. 

Figure 1 shows the values obtained when erythrocyte Na* 
influx was measured in the four groups studied. In 21 patients 
with essential hypertension, erythrocyte Na“ influx averaged 
twice that into red cells from 21 normotensive white controls 
(0.527 +0.128 compared with 0.266+0.044 mmol Na’ per | 
red cells per h respectively; t = 8.87, P<0.001). The values for: eee 
only 2 of 21 white patients with essential hypertension overlap os 
the upper range of normal. This increased Na” influx is not 
influenced by antihypertensive medications administered to the. 
patient’ and is not caused by elevated blood pressure per se; 
erythrocytes from 12 patients with secondary. hypertension 
(caused by renal disease) had values within the normal range 
(0.233 + 0.060 mmol Na* per | red cells per h). 

In contrast, red cells from 32 American black patients with 
essential hypertension showed no evidence of enhanced Na* | 
influx. In these patients, values for erythrocyte Na” influx -> 
(0.202 + 0.059 mmol Na” per | red cells per h) were indistin- ~~ 
guishable from those for 23 normotensive black controls... 
(0.216 + 0,069 mmol Na* per | red cells per h; t= 0.79, P> 
0.10). There is, however, a highly significant difference between. aes 
hypertensive whites and blacks in erythrocyte Na* influx (t= — 
10.66, P<0. 001). ‘Limited in vitro studies indicate that loop. 
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foe diuretics such as. furosemide (10° M) preferentially- decrease s 





nflux i ensive whites. while having 


* influx (mmol per I red cells pei a 
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Normal 


WHITE 


n Fig.1 Comparison of red cell Na* influx in normal and essential 
iypertensive (EH) whites and blacks. Each point represents the 
ue for a single individual and the bars designate the mean for 
roup. Samples of venous blood were collected in heparinized 
iners. Some of these were shipped on ice, with a maximum 
: ge time of 21h. In these cases, we included both shipment- 
nd time-control samples from normal and hypertensive patients. 
‘The preparation of erythrocytes and assessment of ? *Na* influx 
“were performed as previously reported”, except that stored 
‘samples of whole blood were re-equilibrated for 1 h at 37°C. Red 
cells were washed in a buffer comprising 145 mM KCl, 5mM 
~ NaCl, 10mM Tris, 10mM morpholinopropanesulphonic acid 
~~ . (MOPS), 10 mM D-glucose and 0.1 mM ouabain, pH 7.40 at 37 °C. 
0.5 ml of washed, packed erythrocytes of known haematocrit 
< (~T5 vol % vo) was admixed with 0.5 ml of the same buffer containing 
0.1 aCi of **Na™ (final specific activity ~20 «Ci mmol” '; NEN). 
~The cell suspension was incubated in a shaking water bath at 37°C 
for 30 min, then the cells were rapidly washed three times in 5 vols 
é-cold buffer containing 75mM MgCl, 85 mM sucrose, 
mM D-glucose, 10 mM Tris and 10 mM MOPS, pH 7.40. 0.3 ml 
washed, packed cells was precipitated with 0.6 ml of 10% 
shloroacetic acid, Supernatant radioactivity was assessed by 
quid scintillation counting, and Na” influx was expressed as mmol 
la’ per l red cells per h: All determinations were made in 
oe duplicate, and the resultant values for each individual agree to 
< within +5%. 


ao quantitative effect on the other three groups. 
= These observations suggest that either hypertension has a 


_ different genetic aetiology in the two groups or its expression 
(as reflected by variations in passive Na” transport) differs 
- greatly. Indeed, hypertension among American blacks is also 

characterized by, a higher prevalence, younger age of onset 


and elevated risk of mortality; relatively normal renin and 
dopamine @-hydroxylase activities; more difficult therapeutic 
control; and an increased severity of secondary manifestations 
has nephrosclerosis, retinopathy, accelerated atherogenesis 
other vascular diseases”. The existence of a significant 
ty between hypertensive whites and blacks in red cell 
port strengthens the clinical impression that hyper- 
nblack patients differs qualitatively from that in whites. 
ariations in red cell Na” transport may be important in 
avel the genetic basis of essential hypertension and 

and expression in. different po 3 
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The simultaneous and ia measurement of the amounts of 

two different fluorochrome-coupled antibodies bound to si 

cells (two-colour immunofluorescence) provides a very po 

ful means for the identification of lymphocyte subpopulation 

Using a dual-laser fluorescence-activated cell sorter E: 

we show that two monoclonal antibodies, anti-IgM an 

igD, labelled respectively with fluorescein and ‘Texa: 

new red-fluorescent dye) reveal several previ 

nized B-cell subpopulations in mouse spleen ai 

Measured individually, these surface markers 

show only that B cells are broadly heterogeneo: 

to the amount of surface immunoglobulin expre 

measured simultaneously, they clearly define at least 

subsets. One of these populations, which is predo: 

spleen and constitutes the overwhelming majority of B 

lymph nodes, is missing in CBA/N (Xid) mice know 

deficient with respect to their B-cell immune responses? : 
The B-cell populations in BALB/c spleen (Figs 1, 2) are 

resolved into two subsets on the basis of the amount of IgM 

expressed. The predominant population (labelled I in the- 

diagram), which has relatively little surface IgM, expresses _ 

intermediate to high levels of surface [gD and constitutes ~60% 

of the splenic B cells (Table 1). This population is even more. - 

predominant in BALB/c lymph nodes where it constitutes 

>80% of the B cells. r 
The remaining BALB/c splenic population(s), which express 

10-100 times more IgM, appear to be further subdivided 

according to the amount of surface IgD expressed (labelled H 

and III) and the organ localization of the cells. The ‘high-IgD, 

high-IgM’ population (II) constitutes ~20% of the B cells in | 

spleen and lymph nodes. The ‘low-IgD’ population (IH) is- 

distinguishable more by its apparent absence from lymph nodes 

(see Fig. 1) than by any clear-cut demarcation in the staining sf) 

pattern. ae 
Low-angle light scatter measurements in the FACS, which | 

provide an index of cell size*, further distinguish these popula- 

tions. Population I is the major stained component of th 

smaller (by scatter) cells; population I is found predomin 

among the larger cells; and population HI is found amc 

cells in an intermediate size range. This scatter differe 


s 


popula ons for use in functional assays. 























































IgD per aA o 





0I I 10 100 Ql I iQ 100 
IgM per cell 


Fig. 1 B-cell subpopulations defined by two-colour FACS analy- 
sis of cells stained simultaneously with anti-IgM and anti-IgD 
antibodies. The individual points in the ‘dot plots’** shown rep- 
resent the amounts of IgD and IgM expressed on 3,000 individual 
cells from spleen and lymph nodes in CBA/N and. BALB/ c mice, 
The relative amounts of IgM and IgD per cell are indicated on 
the axes. a, BALB/c spleen; b, CBA/N spleen; c, BALB/c 
eripheral lymph nodes; d, CBA/N peripheral lymph nodes. 
Spleen or lymph node cells (10°) were stained with 0.5 ug of 
uorescein-labelled monoclonal rat anti-IgM” >and 0.5 pg of bioti-. 
nated monoclonal mouse anti-IgD '* antibodies in 100 ul o biotin- 
free RPMI-1640 containing 10 mM HEPES buffer, 0.1% sodium 
azide and 3% newborn calf serum for 30 min at 0°C. Cells were 
washed three times with RPMI and stained with 1 ug of Texas 
red~-avidin in 50 pl of RPMI for 30 min at 0 °C. Cells were washed 
iree times with RPMI, resuspended in 300 jal of the same buffer 
nd analysed on the dual-laser FACS equipped with logarithmic 
mplifiers. To permit subsequent analyses, ‘list-mode’ data record- 
ig the scatter and two fluorescence measurements for each cell 
were collected on 30,000 cells using a VAX 11/780 computer. 


B-cell defect, have almost no detectable population I cells in 
lymph nodes or spleen. Their splenic B cells, which consist 
entirely of high-IgM populations, are divided between cells 
comparable with the cells in populations II and II in BALB/c 
spleen. The CBA/N spleen also has many more IgM-, IgD- 
double negative cells than the BALB/c spleen. As might. be 
expected, CBA/N spleen cells have the same scatter correla- 
“tions as BALB/c spleen cells, except that the small cells lack 
both IgM and IgD. 

There are only a few immunoglobulin-positive cells in 
BA/N lymph nodes and these stain exclusively in the region 
population II. Thus, when population I is absent from lymph 
ode and consequently does not obscure the analysis of the 
inor B-cell populations present, populations H and III are 
distinguishable by their locations in the IgM, IgD fluorescence 
plots. 

‘Thus the combined data from two-colour FACS analyses of 
CBA/N and BALB/c spleen and lymph node demonstrate that 
the heterogeneous expression of IgM and IgD on the whole 
B-cell population reflects three (or more) subpopulations, each 
with characteristic levels of surface immunoglobulins. Studies 
‘of the appearance of these populations during development, 
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z Studies with CBA/N mice further clarify the definition of | 
the B-cell subpopulations. These mice, which carry an X-linked | 


‘and the disappearance of the B-cell population(s) present pre- 


paires 


Table 1 Per cent of cells in IgM/IgD defined B-cell subpopulations 





Strain Organ — ee ae: oT HI 
BALB/c Spleen 30 t0 10 
Lymph node ~ 17 o 4 <I 

CBA/N Spleen <iq* 20 15 
Lymph node <1 4 <] 

CBA Spleen 23 18 8 
Lymph node 10 4 <j 





CBA/N mice lack the major B-cell subpopulation found in spleen 
and lymph nodes in normal mice. Subpopulations were defined by 


two-colour FACS analysis. (Fig. 2). Data show the per cent of total... 


spleen or lymph node cells present in the B-cell subpopulations shown 
in Fig. 2, Percentages for populations. ] and H may be in error by as 
much as 5% in the BALB/c and CBA determinations due to overlap 
between these populations. 

*This value (4% ) is attributable to overlap from population H. 


least one more B-cell subpopulation characterized by the lack 
of surface IgD (J.H., R.R.H., K.H. and L.A,H. in preparation). 
While it is clear that population I reaches mature level last” 
the relationship between these populations is currently 
unknown. An allotype-specific IgM~IgD stain carried out on 


sorted cells transferred to allotype congenic mice should help — 


to clarify these relationships. 


The absence of population I in CBA/N mice fits with several 


previous observations: the higher IgM/IgD ratio on B cells 
from CBA/N spleen arises from a lack of the low IgM/ IgD 


ratio (population I) cells in these mice; the absence of certain 
B cell determinants [Lyb3 (ref. 7), Lyb5 (ref. 8), Lyb7 (ref. 9)} = < 


in CBA/N is apparently due to the presence of these markers 
exclusively on population. I cells; the presence of one of these 
markers (Lyb3) on virtually all normal lymph. node B cells, but 
on only a fraction of normal spleenic B cells’®, 


they do not make antibody to type. i thymus-independent 


antigens (such as dinitrophenyl-Ficoll)"’; their spleen cells fail = 
to give the usual in vitro proliferative responses shown. byo a 


, IS consistent.. i 
with the relative amounts of population I in the two organs. 
CBA/N mice have an extensively: studied immune deficiency: | 





















normal spleen cells stimulated with anti-immunoglobulin anti- = 


sera’; and their serum IgM and IgG3 levels are very low. 


compared with normal mice”, We speculate ‘that the B cells 


responding to dinitrophenyl-Ficoll or to anti- -immunoglobulin o 


antisera in the proliferative assay are contained in subpopula- 
tion I (missing i in CBA/N). The B cells responsible for a large 
part of IgM and IgG3 antibody production also may be included 
in this subset. We should be able to test these hypotheses and 
assign. functions to the B-cell populations defined here by 
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Fig.2 Diagram of the B-cell subpopulati Ee 
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.. & prerequisite for an antigenically defined vaccine against 
malaria is the identification of parasite antigens which are 
, ecessary Or sufficient for the induction and expression of 
rotective immunity. As malaria infection in man can be 
ted by passive transfer of serum or immunoglobulin from 
ults in an endemic area’ it is reasonable to propose that sera 
m clinically defined patient groups and functionally defined 
mmunoglobulin may be used as probes to identify the relevant 
: rasite antigens involved in host protection (‘host-protective 
tigens’)’. We have now purified immunoglobulin from a large 
number of individuals living in the endemic area, tested for 
: inhibitory effects on in vitro growth of Plasmodium falciparum 
originating from the same area, then examined antibody 
specificities. by immunoprecipitation analysis with biosyntheti- 
cally labelled proteins of blood stages of the parasite. Two- 
_ «dimensional gel analysis of immunoprecipitates revealed a cor- 
< = relation between inhibition of parasite growth and increased 
. _ antibody binding to two proteins of molecular weight (M,) 
~~ 96,000. 
Serum was obtained with informed consent from healthy 
dult blood donors living in the Madang region of Papua New 
‘Guinea (PNG), where malaria is endemic, at a time of the year 
when transmission was low. Purified immunoglobulin from each 
onor (prepared using protein A-Sepharose, Pharmacia) was 
d for its ability to inhibit the in vitro growth of a PNG 
falciparum by a modification of a method described 
y^. In all experiments we used a single parasite isolate 
has been maintained in our laboratory since it was 
rom an infected child in Madang in 1979. Briefly, 



































as dialysed: ‘Sgainst cuire medium DO eluted i in 0, 5% Triton NET supplemented with methio 






























































36.. 


DF. 


Fig. 1 SDS-polyacrylamide sei electro phoresis of immuno- 
precipitates of detergent. extracts of ““S-methionine-labelled. 
P. falciparum antigen with protein A-purified immunoglobulin — 
from adults living in the endemic area. The arrow {> ) indicates. 
a band which is dominant in immunoprecipitates with the four. 
most inhibitory immunoglobulins (left-hand lanes), compared with 
four non-inhibitory immunoglobulins (right-hand lanes) 
Molecular weight markers are given (x 107°). DF, dye front. 


1640 with sodium bicarbonate and HEPES buffer) for 36 h and 
adjusted to'a final concentration of 5mgml™ in culture 
medium. After addition of normal human serum to a final 
concentration of 10%, the ‘immunoglobulin-supplemented 
medium’ was assayed for its ability to inhibit the growth of j 
falciparum in vitro. In this assay, 200 ul of parasitized bloo 
group O erythrocytes in culture medium (8% v/v) were added 
to a series of flat-bottomed wells of a microtitre tray and 
cultured in a candle jar using the method devised by Trage 
and Jensen*. Each day, culture medium was changed (usin 
normal or test medium) until day 4, when parasitaemia wa 
assessed by uptake of *H-leucine into trichloracetic acid 
precipitable material, such uptake having been shown to corre 
late with the percentage of parasitized cells (G.V.B., unpub 
lished). Using this assay, immunoglobulin prepared from 40 
39 sera inhibited growth by more than 50%. ve 

Pools were made of five sera containing immunoglobulin 
which inhibited parasite growth and five sera containing 
immunoglobulin which, at the same concentration (5 mg ml’), 
had no inhibitory effect on parasite growth. IgG was prepared 
from them using a different method from that used for the. 
individual samples, by precipitation with 45% ammonium sul: 
phate followed by ion exchange chromatography on DEAE- 
cellulose. The IgG was then dialysed against culture medium: 
and assayed for inhibition of P. falciparum growth in vitro. The 
pooled inhibitory IgG caused at least 65% inhibition of parasite © 
growth compared with non-inhibitory IgG (50,800 + 420 c.p.m. 
for non-inhibitory IgG compared with 17,150+ 750 ¢.p.m. for 
inhibitory IgG using the radioisotopic readout for parasite 
growth inhibition). 

Biosynthetically labelled parasite antigens were prepared by 
culturing the same isolate of PNG P. falciparum as used for 
the inhibition studies for 14h in methionine-free medium 
(RPMI 1640 Select-Amine Kit, Gibco) supplemented with- 

~200 pCi mI”! *°S-methionine (800 Ci mmol’, Radiochemical 
Centre). A detergent extract of parasitized cells was made using. 
0.5% Triton X-100 in NaCl, EDTA and Tris buffer’ (Triton 
NET) containing methionine (2 mg ml~'). After centrifugation. 
at 25,000g for 30 min, the supernatant was passed over a 
Sephadex G-25M column (PD10 column, Pharmacia)’ 







































































IgG isolated from each pool of sera, or protein A-purified 
immunoglobulin from individual sera, were reacted with bio- 
synthetically labelled parasite proteins and antigen-antibody 
omplexes precipitated with Staph ylococcus aureus as described 
reviously’ before analysis by one® and two-dimensional gel 
electrophoresis’. Approximately equal amounts of radioactivity 
ere precipitated from preparations of solubilized biosyntheti- 
cally labelled infected cells by IgG from the two pools of sera. 
Xamination of the fluorographs (Fig. 1) showed that the 
ority of proteins precipitated by non-inhibitory immuno- 
lobulins (right-hand lanes) were precipitated to the same 
xtent by the inhibitory immunoglobulins (left-hand lanes). 
lowever, one band of M, 96,000 (indicated by the arrow) was 
dominant in immunoprecipitates using inhibitory immuno- 
slobulins but was poorly precipitated by non-inhibitory 
ur unogłobulins. Two-dimensional analysis of immuno- 
cipitates using IgG from sera pools confirmed that there 
re many similarities in proteins precipitated by non-inhibi- 
tory IgG (Fig. 2a) and inhibitory IgG (Fig. 2b). However, as 
in the one-dimensional analysis there was a difference in the 
two-dimensional gel patterns at M, 96,000 in that two acidic 
- proteins (labelled A, B in Fig. 2) were much more prominent 
-in precipitates with inhibitory IgG. Different antigen prepar- 
ations made from the same isolate of P. falciparum contained 
- varying proportions of different parasite proteins”, presumably 
because the proportion of parasites at each stage in the life 
-cycle in asynchronous culture varied each time an antigen 
preparation was made. For example, other antigen preparations 
of.the same isolate (not shown) had a greater proportion of 
high molecular weight proteins. Antigen A (Fig. 2) was invari- 
ably well represented while antigen B was sometimes present 
<in only small amounts. The representation of several minor 
«proteins also differed between the immunoprecipitates, includ- 
‘ing a protein with approximately the same isoelectric point (pI) 
-as the M, 96,000 proteins but of M, ~40,000. Another 
difference in precipitation of a low molecular weight protein 
| (*. in Fig. 2) has not been emphasized because it was not 
reproducible, 

_ We thus conclude that natural infection in man leads to 
_ antibody production which can inhibit the growth of P. fal- 
-ciparum in vitro. We found that only 4 of 39 immunoglobulin 
. preparations inhibited parasite growth by >50% while some 
samples (9 of 39) actually increased growth beyond control 
levels (a result consistent with previous studies using unfraction- 
ated sera’). Thus, it seems that the effects of immunoglobulin 












Fig. 2 Immunoprecipitates of detergent extracts of °°S-methionine-labelled P, falciparum (c) by purified human immunoglobulin which 
had no effect on parasite growth (a) or inhibited parasite growth (4). Inhibitory IgG contained a high titre of antibody to the two acidic 
proteins, M, 96,000 labelled A, B. Before isoelectic focusing, the antigen-antibody complexes bound to S. aureus protein A were solubilized 
in 2% w/v SDS lysis buffer containing 9.5 M-urea, 2% ampholines (4:1 v/v pH 5~8: pH 3.5-10 ampholines, LKB) and 50 mM dithiothreitol. 
After 20 min at room temperature, five times the volume of lysis buffer containing 2% Triten X-100, 2% ampholines, 9.5 M urea and 50 mM 
dithiothreitol was added. Incubation was continued for 15 min at room temperature before samples were centrifuged before analysis, or if a 
necessary, stored at ~70°C. For the second dimension, electrophoresis in reducing conditions in the presence of SDS was performed on 
10% acrylamide slab gels using a discontinuous buffer system®. Gels were prepared for fluorography using EN°HANCE (NEN) before drying 
down and exposure to Kodak X-Omat S film. Numbers refer to the molecular weights (x10~*) of M, standards (Pharmacia Fine Chemicals 
Low Molecular Weight Calibration Kit) which were run on each slab and identified by Coomassie blue staining. Acidic region is to the left 
of each gel. 


on parasite growth in vitro may be a balance between growth | parasite mats and cecatating | immune e comp 





promoting and inhibiting activities. In the present study, the | 
population donating sera at atime of the year when transmission 
was low contained relatively few individuals whose serum had 
net inhibitory activity. 

IgG which inhibited parasite growth immunoprecipitated two 
proteins (M, 96,000) more efficiently than did IgG with no 
inhibitory effect on parasite growth. In previous studies using 
one-dimensional gel analysis to compare immunoprecipitates 
of inhibitory and non-inhibitory serum?, we noted differences 
in recognition by the sera of a protein band of approximately 
the same molecular weight. Thus we have identified at least 
two proteins (designated A and B), antibody to which correlates 
with in vitro inhibition of growth of P. falciparum. The observa- 
tions strongly suggest that these protein antigens may be impor- 
tant in the induction (and expression) of host-protective 
immunity in man as a result of exposure to infection in an- 
endemic area for malaria. We have examined the antigenic 
composition of 15 other isolates of P. falciparum from Papua 
New Guinea and all contain antigen A as a major biosyntheti- 
cally labelled protein. 

Other investigators have examined the effect of human’ or 
immune monkey'”’ sera on the growth of P. falciparum in w. 
vitro but have been unable to correlate the inhibition with 
antibody to specific antigens. Hybridoma-derived murine 
monoclonal antibodies which inhibit the growth of P. falciparum 
in vitro have been reported recently'*. One of these hybridoma 
antibodies reacted with two polypeptides of M, 96,000 and 
36,000 (ref. 13). Our finding that purified human IgG which 
inhibits parasite growth in vitro has excess antibody directed - 
against two proteins of M, 96,000 suggests that the hybridoma- 
derived antibody has the same specificity as that of antibodies 
contained in human IgG preparations which block parasite 
growth. 

Additional proteins must be present in the blood stages of 
P. falciparum capable of inducing a host protective immune 
response in man which have not been demonstrated by the 
techniques we have outlined. Some immunoglobulin prepara- 
tions causing 30-50% inhibition of parasite growth in vitro did 
not precipitate relatively large amounts of antigens A and B, 
confirming that other specificities are also important. Our tech- 
niques would not detect proteins with little methionine, proteins 
not solubilized by detergent extraction or after immune complex 
precipitation, very basic proteins, or non-protein antigens. Note 
also that other correlates with protection may be important at 
times of high transmission with multiple antigenic variants, high 
s, and with the 
























) be detsrmined whether the proteins identified by 
omparative immunoprecipitation approach are immuno- 
genic after isolation, and whether they induce host protection 
í or inhibitory antibodies in appropriate model systems. 
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Cancer metastasis is selective o or _ 
‘andom depending on | 
J arent tumour r population. 


Metastasis and Treatment Laboratory, 
‘rederick Cancer Research Facility, PO Box B, Frederick, 
yland 21701, USA 


“The issue of whether metastases result from the random survival 
of cells released from the primary tumour or from the selective 
-growth of specialized subpopulations of cells having properties 
that allow them to complete the metastatic process is important 
‘our understanding of tumour biology’” , Previous studies 
lave provided indirect evidence that the process of metastasis 
ours the survival of cells having a metastatic phenotype(s)**. 
sct evidence that the process is selective would be provided 
he demonstration that cells populating spontaneous meta- 
ises are, in general, more metastatic than most of the parent 
umour cells; some”™™™, but not all’?"*, previous reports have 
failed to provide such evidence, suggesting that the process is 
random. These discrepancies could be due to differences in the 
a _ biological characteristics of the various tumour systems studied 
and in the experimental conditions“. In the present study, these 
variables were minimized by using three metastatic variant cell 
‘lines of the B16 melanoma. We report that, even in controlled 
_.- conditions, the process of metastasis can appear as either selec- 
tive or random depending on the nature of the initial population. 
Specifically, metastasis by the unselected, poorly metastatic 
parent B16 tumour was indeed selective. In contrast, metastasis 
by previously selected B16 lines appeared to be random. 
To determine whether metastases contain cells having 
increased metastatic potential, we used three metastatic tumour 
li variants isolated from the B16 melanoma. B16-F1 is an 
lected tumour cell line that metastasizes poorly when 
mour cells are implanted intravenously (i.v.; experimental 
stasis) or subcutaneously (s.c.; spontaneous metastasis)". 
-F10 cell line’* was selected for its ability to colonize 
ter i.v. administration, and the B16-BL6 cell line’® 
d in vitro for its invasiveness, demonstrated by a 
nce of spontaneous. metastases after s.c. implanta- 























iT cell lines were € implanted into: fhe; foot- 


-Ability of cells from B16 melanoma variants and the 
metastases to form lung tumour colonies - 


Tumour No. of cells. 
line injected (x10°) 


Median no. of 
pulmonary foci (range) P 






















































B16-F1 50 5 (2-35) EN 
M1 50 75 (30->300) 0.003 
M2 50 61 (29-103) 0.02 
M3 50 91 (0-237) 0.002 
M4 50 127 (41->300) | 0.0002 
B16-BL6 50 48 (19-237) 

M1 50 >300 (80~>300) 0.002. 
M2 50 170:(1-262)° 08 
M3 50 >300 (170->300) 0.001 
M4 50 +300 (172->300) 0.0002 
B16-F10 10 11 (1-19) = 
M1 10 11 (6-38) 0.86 
M2 10 21 (3-42) 0.08 - 
M3 10 6 (3-25) 0.47 
M4 10 17 (4-35) 0.078 
B16-F10 50 15222-219) -= 
M1 50 217 (97-297) 0.12 
M2 50 251 (1-300) 0,02 
M3 50 130 (41-156) 0.3 

M4 50 183 (93->300) 0.96 





Spontaneous metastases. (M1-M4). from each of the tumours were. obtained 
from mice bearing footpad tumours, Cells were collected from mid-log pha 
cultures by 1 min treatment with 0.25% trypsin, 0.02% EDTA solution 
cell suspensions of >95% viability were adjusted to the desired concentratio 
in Hanks’ balanced salt solution (Ca’*+Mg**-free) and 0.2 ml was injected in 
the lateral tail vein. Mice were necropsied 21 days later, and the number of lu 
tumour colonies was determined. Simultaneous comparisons of treatment vers 
control were based on the Kruskal-Wallis rank sums using the Miller approxima- 
tion procedure*’. For the analysis, >300 lung colonies were treated as Peme 
equal to 300. One-tailed P value is shown; 10 mice per group. | 


pads of syngeneic 6-week-old C57BL/6 female mice (20 per- 
group). After 5-7 weeks, when one or two mice from each 
group became listless, the entire group was killed. Only 5 of 
20 mice injected with B16 ‘1 cells exhibited: Jung metasta ! 


injected. with B16-F10. ceils developed metaetaces (median 10, 
range 0-60); 18 of 20 mice injected with B16-BL6 cells 
exhibited gross metastases (median 50, range 0-200). In all 
groups, well-isolated pulmonary metastases were surgical 
excised and established in culture as individual cell lines. Th 
metastatic potential of cells from the parent tumour varian 
and several of their respective spontaneous metastases was 
determined in assays measuring experimental and/or spon- 
taneous metastasis. A recent report suggested that the resect 
of a ‘primary’ Bi6 tumour could lead to the production 
metastases’, therefore we divided the mice bearing s.c: tumo 
into two treatment groups, In the first group, the leg carrying 
a 1.2-1.5 cm diameter tumour was amputated at mid-femur, ` 
thus including the popliteal lymph node, whereas in the second — 
group of mice, the tumour was not resected. — ; 
The data in Table 1 demonstrate that cells collected from 
spontaneous metastases from the poorly metastatic B16-F1 line 
produced significantly (15-25 times) more lung tumour colonies =. 
after i.v. implantation than an equal number of cells from the 
parent line. With the previously selected B16-BL6 line”, cells: 
collected from spontaneous metastases produced only 3-6 times 
more lung tumour colonies than the parent line. The B16-F10 
cell line, which was specifically selected for the ability to produce 
pulmonary colonies’*, contrasted even more sharply with the ©. 
B16-F1 cell line. Spontaneous metastases of B16-F10 tumours 
did not exhibit any increased propensity for experimental meta- ` 
stasis, regardless of whether the inoculum contained a high or. 
low number of cells. : 
In the assays of spontaneous metastasis, individual variability 
in metastatic potential of cells populating different spontaneous - 
metastases can be expected’. Thus, we analysed pooled data 
of metastases versus their respective parental tumours (Table. 
2). Once again, cells collected from spontaneous metastases 
originating from the B16-F1 tumour were significantly more 
metastatic than those originating from the parent tumour 
0.007). Cells collected from spontaneous metastases: 


































































a pon ir — 
B16 melanoma variants and their spontaneous metastases 


Incidence of 
spontaneous metastasis 
in mice with 





Primary Primary 
Tumour tumour tumour not 
line resected P resected P Total P 
B16-Fi 3/7 2/10 3/17 
Mi 4/7 6/10 10/17 
M2 7/7 0.025 7/11 0.009 14/184 0.007 
M3 8/8 6/11 14/19 
M4 &/9 8/8 16/17 
Bi6-F10 6/8 2/8 8/16 
Mi 8/10 §/10 13/20 
M2 9/10 0.34 7/10 0.05 16/20 | 0,0426 
M3 8/9 7/10 15/19 
M4 9/10 6/9 15/19 
B16-BL6 8/8 6/8 14/16 
“MI 8/8 4/8 12/16 
3 M3 10/10 0.64 §/10 0.31 15/20 | 0,2165 
= M3 6/6 6/8 12/14 
M4 6/8 7/12, 13/20 





increased sample size and yielded a more sensitive test. 
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demonstrations" 


_do not result in the outgrowth of highly metastatic cells. 


equivalent to a B16 tumour propagated in another laboratory. 
< Specifically, Trope’® proposed that the repeated trocar or frag- 


ments appear only to exacerbate this artefact”’. Clearly, to 


numerous artefacts can alter the outcome of metastatic assays'* 
absolute standardization of experimental 
“necessary if the results of such assays are to be reproducible. 
-In any event, we conclude from our studies that in controlled, 
- experimental conditions, | 


subpopulation of cells with enhanced metastatic: Pore 
: alas the conclusion that metastasis isa selective process. 





PE NUARI PANDA. wc Aita THE 


s by cells obtained from parent - 


<c Primary tumours were initiated. intramuscularly in 0.05 ml Hanks’ balanced 

galt solution (Ca** + Mg’*-free) into a posterior footpad. The tumour-bearing - 
leg and. popliteal lymph node were resected from 10 mice when the tumours i 
reached 1.2-1.5 cm in diameter. Some mice died immediately after the resection 
and were thus excluded from the study. Morbid mice were necropsied, and the 
number of metastases was determined. The metastatic ability of the parent tumour : 
was compared with that of cells recovered from metastases by the Fisher exact 
test using the data for resected or non-resected subcutaneous tumours as well as - 
the combined data?'. Combining the data from the two treatment groups 


Selective killing of malignant cells 


10 tumours exhibited an increased propensity for spontaneous 
metastasis (P = 0.0426) but, as shown in Table 1, not for experi- 
ntal metastasis. Finally, cells from spontaneous metastases | 
uced by B16-BL6, a tumour that exhibits a very high | 
dence. of spontaneous metastasis (>80%), did not differ ` 
nificantly (P= 0. ate) from the parent cells in metastatic. 


Li ‘In ‘contrast, ian the parent eae icra was eee sane ) 
selected and was already performing at near peak ability (B16- 
0 for lung colonization or B16-BL6 for spontaneous meta- 
is), further selection for the particular phenotype could not. 
be achieved. These results clearly support the concept that ; 
metastasis is a selective process and agree with the recent 
that non-selective processes (adaptation) © 


» We have shown that the B16 melanoma, which originated | 
in 1954, rapidly changes its characteristics depending on the in 
¿vivo conditions in which it is maintained’*. For this reason the | 
_ B16 tumour maintained in one laboratory may not be exactly | 


tment passage of heterogeneous tumours leads to loss of their | 
diversity and imposition of uniformity on the transplanted - 
_ tumours. Recent studies have substantiated this hypothesis and | 
_ have demonstrated that repeated passages with tumour frag- 


study selection during the process of metastasis, it is critical 
that the starting tumour be heterogeneous. It is difficult to- 
envisage how successful selection could occur with a tumour. 
composed of a uniform cell population. Furthermore, as 


conditions is : 


metastases produced by the- 
heterogeneous B16-F1 melanoma cell line have a specialized 
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Graft-versus-host disease: sa marrow graft rejection are two © 
major problems in the treatment of leukaemia with whole body 
irradiation, high-dose. chemotherapy and bone marrow trans- 
plantation. Both these problems could be avoided if the 
patient’s own bone marrow could be rendered aleukaemic in 
vitro and then reinjected into the patient after the radio- 
chemotherapy had been completed. Here we describe a model 
system in which lethally irradiated rats were injected with a 
mixture of bone marrow cells and leukaemic celis and in which 
the development of leukaemia in the recipient rats was preven- 
ted by incubating the cells, before injection, with a monoclonal 
antibody-ricin conjugate that was selectively toxic to the |. 
leukaemic cells. Nonspecific toxicity of the conjugate to = 
haematopoietic stem cells was blocked by carrying out the = 
incubation in the presence of lactose which competitively 
antagonized the binding of the ricin moiety of the conjugate 
to galactose residues on the cell surface’? 

The rat leukaemia used in these experiments is of T-cell 
origin and developed originally in a PVG rat that had received 
two injections of radioactive tungsten trioxide (= WO; ) into 
its lymphoid tissue approximately 26 weeks earlier*. Injection 
of graded doses of leukaemic cells into fresh PVG hosts showed 
that a 1,000-fold reduction in cell dose delayed the onset of 
the leukaemia by 8-10 days, indicating a cell cycle time of a 
little less than 24h. The injection of 100 leukaemic cells into < 
syngeneic recipients was always fatal. and of two rats given. 7 
approximately 10 cells, one ‘develope ukaemia and the other als 
did not. 
The derivation of the monoclone 
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omm nication), flow oytofluorogreph pene Pe 
he level of antigen expression varies widely between 
smpts to produce a more homogeneous population by 
oning have been unsuccessful. 

itially, we attempted to prepare a specific cytotoxic agent 

he leukaemic cells by coupling W3/25 antibody by a 
1 Iphide bond directly to the ribosome-damaging A-subunit 
f ricin'®. This approach was used successfully by Krolick et 
ia „who recently described a conjugate of rabbit anti-immuno- 
globulin antibody and ricin A-chain which was capable of killing 
leukaemic cells in infiltrated murine bone marrow in vitro 


without destroying the haematopoietic stem cells. The W3/25- 


ticin A-chain conjugate, however, had almost no cytotoxic 

ction on the leukaemic cells or on rat splenic T lymphocytes”, 

‘even when used at concentrations which saturated the cell- 

urface antigens. The difference in the cytotoxic performance 

i he two conjugates typifies the variable effectiveness of 

ain conjugates prepared in several laboratories (reviewed 

| 13) and suggests that only certain types of 

igen can mediate the translocation of the A- 

sol. Therefore, for the present work, we 

to W3/25 antibody, thereby retaining any 

of the B-chain which are necessary to effect A-chain 

. The conjugate was prepared using the N -hydroxy- 

succinimidyl ester of chlorambucil as described previously” and 

was used in the presence of lactose, which antagonized the 

binding of the ricin B-chain moiety to. galactose residues on 
cells lacking the W3/25 antigen. 

e W3/25-ricin conjugate was an extremely effective 

r of protein synthesis by. PVG leukaemic cells in tissue 

as shown by their markedly reduced capacity to incor- 

‘H-leucine. Leucine uptake was reduced by 50% on 

t of the cells for 1h at 37°C with the conjugate ata 

itration of 1.4 ng ml~ ricin (2.2 x 10°'' M). Even in the 

ence of lactose the W3/25-ricin conjugate was about 10-fold 

re potent than native ricin, and about 100-fold more potent 

than a control conjugate made with another monoclonal anti- 

body, MRC OX8, which does not bind to the leukaemic cells 

(Fig. 1a). W3/25 antibody alone, at concentrations as high as 


I", did not affect the rate of protein synthe 

Is. When 100 mM lactose was included in the culture 
strongly inhibited the nonspecific toxic actions of native ri 
and of MRC OX8-ricin but was virtually without effect 
toxicity of the W3/25-ricin conjugate (Fig. 14). 

The percentage of cells which survived treatment with 
W3/25-ricin conjugate in vitro was estimated by compar in 
the time that elapsed between the injection of the treated cell 
into PVG recipients and the appearance of leukaemic cells i 
the peripheral blood with that observed when graded doses of 
untreated leukaemic cells were injected. Rats which received 
10° leukaemic cells that had been treated with the conjugate 
at 2.1 pg mi! ricin (10. wg mI! IgG) for 1 h at 37°C in 100 mM 
lactose and then washed twice in lactose-containing medi n 
developed leukaemia 8-10 days later than the recipients 
untreated cells, indicating that the conjugate had destroy 
about 99.9% of the leukaemic cells. Neither the treatment o 
cells in the presence of lactose with W3/25 antibody alone a 
20 wg mI + nor treatment with MRC OX8-ricin at 4.3 we mi 
ricin delayed the appearance of leukaemia in the recipieni 
The leukaemic cells which grew in the rats that had receives 
cells treated with the W3/25-ricin conjugate. were 
heterogeneous in expression of the W3/25 antigen ast 
population, and their treatment with the co 
fer to further recipient rats again resulted in | 
at least 99.9% of the cells. Thus, the leukaemic cells w 
survived exposure to the conjugate do not seem to be a1 
subpopulation which is insensitive to the conjugate or. la 
in the W3/25 antigen. It is possible, however, that the 
which survived were at a stage in their cell cycle at whicl : 
W3/25 antigen was only weakly expressed. Bae 

To discover whether leukaemic cells in bone marrow coul 
be killed by the antibody-toxin conjugate without destro! 
the haematopoietic stem cell activity, a mixture of such 
was incubated with the conjugate and, after washing, inject 
into PVG hosts which had been sublethally irradiated with 
650 rad. The bone marrow cells were obtained from rats tha 
were congeneic with PVG but whose immunoglobulin light- 
chain genes were derived from the DA strain and were therefore. 
of the 1-a allotype rather than the 7-b allotype of PVG rats 
Survival of stem cells in the injected mixture was assessed from 
their ability to compete with the stem cells in the irradiated- 


Table 1 In mixtures of leukaemic cells and bone marrow cells the malignant cells are specifically killed by the antibody-ricin conjugate 


Incubation 
Cells injected conditions 


10° Leuk.+10’ BM Med. 

Med. + conj. 
10* Leuk.+ 10’ BM Med. 

Med. + con}. 
10’ BM only Med. 


10° Leuk. +10’ BM Med. 
Med. + conj, 

10* Leuk.+10’ BM Med. 
Med. + con}. 

10° BM only Med. 


Day of appearance 
of leukaemia 


16, 17, 18 

>67, >67, >67 34, 0, 37.5, 38.6 
16, 16, 16 — 

36, >67, >67 —-, 30.6, 46.5 
= 61.4, 66.2, 67.8 


19, 19, 20 — 
* —* >73 28.7 
12, 16, 17 — 
23, >73, >73 —, 27.8, 29.5 
— 52.2, 54.3, 55.0 


recipients haer 


font Ra U NA fad 


Led Sad tad fad Lad 


oe Med., medium: Dulbecco (A+B) (phosphate-buffered saline + CaCl, and MeCh) + 100 mM lactose. Med.+conj,, medium + conjugate: as for 
' ricin and 10 pg ml ` 


ed: except that W3/25-ricin conjugate containing 2.1 pg ml 


antibody was added. The conjugate had a molecular weight — ' 


$0,000 and contained antibody and ricin in a molar ratio of 2.0: 1, suggesting that it comprised two molecules of antibody and one of toxin. 
It was more effective at destroying leukaemic cells in bone marrow than a simple con jugate (molecular weight 210 000) containing one molecule. 


ch of antibody and toxin. Recipient PVG rats were matched for age and sex. Rats in expt 1 were given 650 rad ' 


Cs irradiation before celf 


Rats in expt 2 received 1,000 rad. The day of appearance of leukaemia is defined as the day at which the white blood cell count reached 


m. All rats that reached this level subsequently became severely leukaemic, with a white blood cell count >10° mm” 


a , at which time 


illed by ether anaesthesia. B-cell chimaerism was determined 39 days after cell injections for expt 1 and on day 32 for expt 2. Cervical 
e cells were assayed for B-cell chimaerism by comparing the percentage of cells labelled by PVG rat F(ab’), anti-rat 7-a allotype 
at labelled by rabbit F(ab’), anti-rat Fab. Both antibodies were conjugated. with fluorescein (a gift of Dr S. V. Hunt). Lymph 
‘incubated with each of the two reagents and histograms of cell fluorescence obtained by flow cytofluorography using a 
FACS II cell sorter. Using lymph node cells from a PVG J-a homozygous rat as a positive control, 37.1% of cells were shown 
1e anti- J-a allotype reagent and 39.4% with the anti-Fab antibody. For lymph node cells from a PVG donor the correspond 
a 5.1%, respectively. Leuk., leukaemic cells; BM, bone marrow cells. 


1 with no > signs of leukaemia, : 
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3H-leucine incorporation (% of control) 








1 | 
| | ae concentration (ng mi~ ) 

gil Specific cytotoxic effects of ricin conjugated to monoclonal 
3/25 antibody on PVG leukaemic cells in tissue culture. Blood 
was taken from a heavily. leukaemic rat when its white blood cell 
“count was 1.5 10° mm” and the leukaemic cells were separated 
by centrifuging the blood on Isopaque~Ficoll. The cells at a con- 
“centration of 2.5.x 10° mr? were incubated for 1 h at 37°C with 
cricin (©), W3/25-ricin (@) or OX8-ricin (A) in RPMI-1640 
medium supplemented with 10% heat-inactivated fetal calf serum 
and antibiotics which either contained (b) or did not contain (a) 
“400. mM lactose. The cells were then washed in the same medium 
but without toxin solutions)-and incubated at 37 °C in fresh tissue 
-culture medium without lactose. Their capacity to incorporate 
*H-leucine ` was measured 23 h later. Full details of the assay have 
been described previously. The “H-leucine incorporation is 
expressed as a percentage of that in untreated contro! cultures 
which. incorporated 10,300-¢.p.m. per pCi. Each data point rep- 
s the geometric mean of three determinations, the standard 
dev ations of which are indicated by vertical lines unless smaller 

. : than the points as plotted. 
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‘stem cell activity is presented elsewhere’*. The results of this 


bone marrow/leukaemic cell mixtures developed leukaemia 
before their level of B-cell chimaerism had been measured. 


taining 10° leukaemic cells developed disease and of three 


did so, All surviving rats developed a good level of chimaerism, 
although this was significantly lower in the recipients of bone 























significan  chimac 


écipient and thus produce B lymphocytes that expressed the 
donor (1-a) allotype. The percentage chimaerism was compared 
with that obtained when untreated bone marrow cells, to which. 
deukaemic cells had not been added, were injected into irradi- 
ated littermates of the recipients of the bone marrow/leukaemic 
cell mixtures. The evidence that the chimaerism assay measures 


experiment are presented in Table 1. All recipients of untreated 


< None of the rats given W3/25-ricin-treated cell mixtures con- 


recipients of inocula containing 10° leukaemic cells only one 


‘marrow that had been exposed to the antibody—toxin conjugate 
‘than in control rats which had received bone marrow kept at. 
4°C. before injection. In a second experiment all recipients 
were lethally irradiated with 1,000 rad y irradiation and sur- 
vival of bone marrow stem cell activity was assayed, not by. 
competition against surviving host bone marrow as in the first 
experiment but against a standard inoculum of 10’ PVG bone 
marrow cells that were stored on ice until injection, As Table 
shows, the results were very similar to those of the first — 
experiment. Although acute radiation. deaths limited the num- 
ber of cL animals in e group receiving 10° leukaemic 3 









These- ‘experiments laamoiistiate that in the presence of he 
100.mM lactose the W3/25-ricin conjugate showed a high 
degree of target specificity. Approximately 99.9% of the 
leukaemic cells were killed by the conjugate while bone marrow 
stem cell activity was reduced by less than 50%. Some of the 
loss of stem ceils can be attributed to effects other than ricin 
toxicity. because incubation of the bone marrow in 100mM 
lactose at 37°C for 1h in the absence of the antibody-ricin 
preparation resultedina 13% reduction of chimaerism in assays 
similar to those described in Table 1, | 

The inclusion of lactose in the incubation medium not only 
prevented possible nonspecific killing of cells but had an impor- 
tant effect on the amount of conjugate bound nonspecifically 
to cells (such as erythrocytes) that was injected into the rats. 
Animals injected with 10’ bone marrow cells that had been 
incubated for 1h at 4°C with the antibody-ricin conjugate at 
2.1 pg ml” ricin in lactose-free medium and then washed twice 
died within 24 h of injection. Decreasing the concentration of 
conjugate to 0.21 gml7 ricin prolonged the survival of |. 
recipient rats by only 24 h. However, when the cell incubations = 
were carried out with conjugate in the presence of 100mM 
lactose none of the recipient rats died or snowed signs of ill 
health. i 

These results suggest that antibody-ticih ome might | 
be used in conjunction with lactose to destroy malignant cells 
in human marrow transplants i in situations where the anes i 
A-chain conjugate is insufficiently effective. m 
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The mutagenic effect of UV irradiation on Escherichia coli and 
its phages depends on induction of the E. coli recA* lexA* 
regulatory system (for review, see ref. 1). It is not understood 
how mutations result from UV damage in DNA, particularly 
with respect to the function(s) of proteins that may be induced 

in UV-irradiated cells. hacen seiner of g Bectenfides during | 



















ucleotide le 


g7 equ neing of cloned DNA, 

wal rd mutation system. Nucleotide changes in a 

onessential Jac DNA sequence of the hybrid phage genome 

letermined by sequencing the DNA of mutant clones 

om UV-irradiated hybrid phage grown in UV-irradi- 

ated cells. We report here the nucleotide changes observed in 
the lac promoter of the mutant hybrid phage. 

Mi13lac hybrid phage contains the M13 single-stranded DNA 
genome with an insert of the regulatory region and part (a- 
peptide) of the lacZ gene for lactose metabolism in E. coli. 
‘Infection of E. coli JM103 lacZAM15 cells with M13lac hybrid 
phage allows production of a functional B-galactosidase by 
intracistronic complementation. Infected cells are therefore 
lac”, detected as blue plaques on indicator plates’. Inactivation 
of. a-complementing activity, for example, by insertion of 


_ foreign DNA into the lacZ'(a) gene of the hybrid phage 


_ genome, gives rise to colourless plaques of infected cells, easily 

distinguishable from the blue plaques of M13/ac* -infected cells. 

In the studies reported here, inactivation of a-complementing 

as observed as a consequence of mutagenesis of UV- 

lac. hybrid phage grown in UV-irradiated cells. 

r tations in M13lac DNA were detected in the non- 

essential Jac gene of the hybrid phage, so that all DNA changes 

cleotide substitutions, additions or deletions) resulting from 

V mutagenesis could be observed by sequencing mutant 
clones. 

- Table 1 shows the mutation frequencies for induction of 

mutant lac hybrid phage derived from M13mp?2 (ref. 3). Irradi- 

ation of Mi3mp2 hybrid phage at a UV dose giving ~0.01% 


jeletions in mutant DNAs : are indicated 3 ar owheadi a, 
+ T (viral strand) transition at position —37 (2) and T>G (viral 
trand) transversion at position —36 (3). b, T>C (viral strand) 
; sitions at positions —35 (2) and -34 (3). c, C (viral strand) 

S (see text)..d, T (viral strand) delstion (sce text). 


ie 1 Induction of lac mutations in M13mp2 hybrid phage 


arene mete 


UV dose (J m~*) 
Phage Cells Mutation frequency 


0 3.1 (+1.6)x 107° 
125 | 7.1(+£1.3)x 1074 
0 3.6 (+5.1)x10™" 
125 3.9 (+0.2)x 10 


E. coli JM103 were grown to 2x10° cellsmi”' at 37°C in YT 
medium“, then washed and resuspended in buffer (pH 8.0) consisting 
of 10mM. Tris, 67 mM KCI, 17 mM NaCl, 1 mM MgSO, and 1 mM 
CaCl. Cells were UV-irradiated at a dose rate of 0.83 m° s~? with 
stirring on ice. Cells were concentrated fivefold and resuspended in YT- 
medium. Phage were diluted to 10° ml”’ in buffer and UV irradiation... 
was carried out as for the cells. Cells were infected at multiplicity of : 
=(0.005 for 10 min at room temperature, plated onto indicator plates”: 


and incubated overnight at 37 °C. All operations were carried out under’ > 


yellow light. Mutation frequencies (+s.d.) are given as the ratio of 
plaques having mutant phenotypes to total plaques. 


survival, or irradiation of E. coli JM103 host cells ata UV dose 
giving maximal UV reactivation of phage (N.L.I. and JEL 
unpublished results) showed no statistically significant enha 
ment of mutation frequency over that for spontaneous produ 
tion of mutant lac hybrid phage. UV irradiation of both phage 
and host cells caused an ~12-fold increase in mutation 
frequency. Direct plating of irradiated phage ensured that 
mutant clones were of independent origin. Mutant plaque 
phenotypes ranged from colourless to a medium blue that wa 
detectably different from the blue plaques of M13mp2-infe te j 
cells on indicator plates, thus the colour reaction allowed detec- 
tion of Jac mutants completely or partially defective in a 
complementing activity; 115 mutant clones resulting from UV. 
irradiation of both phage and host cells were picked and Beate 
for analysis of nucleotide changes. 

The single-stranded DNA of mutant hybrid phages was 
sequenced using the chain termination method‘; 40 of the 115. 


promoter of M13mp2 DNA. In Fig. 1, autoradiograms“ io 
nucleotide sequencing gels show examples of base substitution 
and deletions identified in the Jac promoter. Figure 2 show 
compilation of all sequence changes (viral strand) detectec 
Most of these mutations are clustered in three regions of the 
M13mp2 lac promoter: the —10 region or Pribnow box, the 
—35 region, and the binding site for the CAP protein. Singh 
base substitutions account for over 80% of the changes indue 

by UV mutagenesis. Tandem base changes occurred at two 
sites and non-tandem base changes were found in one mutant 
clone (see Fig. 2 legend). Single base deletions occurred at three. 
sites, although assignment of the exact positions of the deletions 
was impossible because they occurred at TT or CCCC sites. 
No nucleotide additions have yet been observed in UV-induced 
mutants. 

Mutagenesis of the lac portion of M13mp2 hybrid phage is 
most enhanced by UV irradiation both of the host cells, to- 
induce the cellular mutagenesis system, and of the phage, con- 
taining the target DNA molecule (Table 1). As pyrimidine 
dimers are the major and potentially lethal photoproducts © 
induced by UV irradiation of DNA** the nucleotide changes . 
resulting from UV mutagenesis of M13lac hybrid phage were _ 
analysed with respect to sites of potential pyrimidine dimer 
formation. Of all changes observed, 77% occurred at such sites, 
although most mutations were found in the ~35 region where 
promoter mutations are expected (ref. 7 and references therein) 
and which is pyrimidine-rich. These sites do represent hotspots. 
for UV mutagenesis, however, because preliminary analysis of 
collections of lac mutants induced by chemical mutagens has. 
revealed additional nucleotide changes at positions —31, —45, 
—55 and —56 that were not observed as a consequence of UV- 
irradiation (data not shown). All three nucleotide deletio 
occurred at adjacent pyrimidines. For base substitu 
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mutations at potential pyrimidine dimer sites, transitions were 
_ favoured over transversions (5:1), in agreement with previous 
= studies on the specificity of UV mutagenesis in £. coli” and 

-yeast’. It is particularly interesting that no tandem base substitu- 
‘tions occurred at potential pyrimidine dimer sites; the small 
“proportion observed were at TA sites. Random substitution of 
‘nucleotides at pyrimidine dimer sites should yield up to 56%- 
of changes at adjacent pyrimidines as tandem double changes, 
although the bias for transitions in UV mutagenesis should 


-decrease that frequency. 


-UV irradiation similar to those reported here. They con- 


: hanges at the 3’ pyrimidine of adjacent thymines. 
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Brandenburger et al” determined the DNA sequences of 
evertants of M13 amber mutant phages grown in conditions 


ded that pyrimidine dimers are not the main sites of base. 
bstitution mutagenesis in UV-irradiated M13 DNA. Unlike 
e M13/ac forward mutation system, the greatest enhancement . 
f mutations in the M13 reversion system is observed by UV- 
rradiating the host cells alone, so that nucleotide changes would | 
not be expected to occur at potential pyrimidine dimer sites. — 
In the case of UV irradiation of Mi3am7H3 grown in UV- 
‘irradiated bacteria, however, Brandenburger et al.’° did observe - 
a fourfold increase in reversion frequency over that induced by 
UV irradiation of host cells alone, and the sequencing data- 
showed a spectrum of mutations distinctly shifted to nucleotide | 


~ examined whether the human f-interferon (IFN-B) gene can 


learly, mutagenesis in UV-irradiated cells occurs at sites | 
yt directly associated with pyrimidine dimers. The principal 
of misincorporation may be at pyrimidine dimers, however, | 
which case these lesions in DNA templates are not totally 
non-instructive (compare ref. 8). The paucity of UV-induced | 
tandem base changes at adjacent pyrimidines in mutant M13lac 
hybrid phage, M13 phage’®, E. coli’' and yeast’? supports this | 
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Fig. 2 Nucleotide changes in the lac promoter of mutant Mi3mp2 hybrid phage. The Tae promoter sequence in n hybrid ae DNA is 
numbered from the RNA polymerase initiation site. Each box represents a nucleotide change detected in lac mutant clones; nucleotide 
~ substitutions are shown in the box and nucleotide deletions are represented by open boxes. Tandem nucleotide. substitutions are shown at 
` positions ~11, —12, and —34, ~35. The exact positions of nucleotide deletions cannot be determined (see text). * Non-tandem nucleotide 
changes found in one mutant clone. 
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The availability of an isolated interferon gene cDNA clone and 


biological assays for its expression, provide an opportunity to 


examine the functional role of sequences preceding the coding — 4 
portion. of the. interferon gene. In the present study, we — 












be transcribed and induced efficiently after replacing the normal 
5’ flanking sequences? with a defined promoter segment from- 
another gene. For this purpose the coding portion of the IFN-8 l 
gene? was inserted downstream from the promoter sequence 
and RNA start site of the thymidine kinase (TK) gene from 
herpes simplex. virus type 1 (HSV-1; ref. 4). Expression of 
interferon activity under the control of the viral TK promoter - 


in this chimaeric plasmid was demonstrated by microinjection 


into the nuclei of Xenopus oocytes™® and by transfection into _ 
mouse cells” followed by superinfection with herpes saper a 
virus. 
The interferon gene is particularly suitable for functional 
analyses because the high specific activity of the interferon 
protein product permits detection of picogram quantities in a 
sensitive biological assay", and its species specificity allows 
identification of the interferon synthesized from the added. . 
heterologous DNA as opposed to that encoded by endogenous. _ 
host cell genes, Our objectives were both to insert the 560- base oe: 
pair (bp) structural gene sequence of the pHFB-cDNA clone’ 2 
downstream from the HSV-1 TK promoter sequencé, and too 
have a second selectable intact TK marker present to facilitate 
the subsequent introduction of the hybrid TK-IFN cDNA gene 
into Ltk” cells. The construction of plasmids containing the TK 
promoter fused to the coding sequences of interferon cDNA > 
in both the sense (pGR192) ) and nonsense (pGR191) directions — 
is summarized in Fig. 1, together with the principal features of ~ 
the parent pGR18, pGR156 and pHFB-cDNA plasmids. In - 
pGR192, the coding (or sense) strand of the interferon insert 
lies downstream from the HSV-1 TK promoter, 54 nucleotides > 
after the §’ transcription: initiation site but i in front, of the first ae 
AUG for the TK proteint 0. | Be 
To determine whether the HSV TK flanking sequences can 
e, plasmids con- > 
e tested for the ~ 
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fern - expression gions containing the coding parson from ae 
cDNA linked to the TK gene. The PORIS plasmid”. contains a 


w ich indudes the HSV- 2 TK gene (stippled bare): acne: into 
R. n (single io The. 3 3 kb Bam 19 firey oe contains the 







; pre 
Jelli linkers?’ were ligated | at. 20-fold midlar excess to the Hincll- 
pHFB-cDNA plasmid at 10°C for 30h in a reaction volume of 
Owl (refs. 28, 29). Gel electrophoresis. of a series of time point samples 
“confirmed that linkers were ligated to the HincIl fragments, and that 
i: formation of higher multimers of the. HincI! fragments with and without 
- linker attachment had also occurred: After ligation, the DNA was ethanol- 
precipitated and resuspended in 01 M Tris-HCI, 6.001.M EDTA. pH 8.0. 
_ Appropriate amounts of MgCl, and NaCl were added in order for Bg/lll 
digestion to generate cohesive extensions at the 5’ end of the interferon 
= o -e€DNA- and also to cleave at the Bgilil site at the 3‘ end of the coding 
- sequence, This fragment was then inserted between. the two BgilH sites in 
the two tandemly repeated HSV-1 TK genes within pGR156. Cultures of 
: Escherichia coli HB101 were transformed by the calcium shock method of 
Mandel and Higa*’, For hybridization screening, the transfection mixture 
s spread on to selective ampicillin plates and grown until the colonies 
ached ‘a size of 0.1-0.2 mm. The colonies were then picked up on the 
flace of keyed Whatman No. 1 filter paper circles and transferred (colonies 
: ooo ae for 7 turiber incubation (12-48 p The 
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> Je d of interferon obtaijied were 5 comparable to | li 
synthesized in oocytes after microinjection with poly( 
containing RNA isolated from human fibroblasts after induc 
with poly(rI-rC)''’*, These results indicate that efficient sy 
thesis of interferon mRNA occurred only when the cDNA 
coding sequence was inserted in the correct orientation down: 
stream from the TK promoter. | 

The presence of an intact HSV-2 TK gene in our expression 
plasmids was utilized to establish permanent TK” cell lines by 
calcium transfection of Ltk” cells and selection of colonies 
growing in hypoxanthine-aminopterin-thymidine (HAT) 
medium'*. Five TK* clones from the pGR191 transfections and 
five from the pGR192 transfections were tested, but none. 
produced interferon constitutively (detection limit 1 U mt?) 
As the expression of an active resident viral TK gene in mouse 
L-cell lines has been shown to be enhanced 5~10-fold by 
superinfection with HSV-1 (tk~)-virus’*, we reasoned that the 
HSV-1 TK promoter attached to the interferon cDNA, - 
although apparently inactive for constitutive synthesis in our — 
cell lines, might nevertheless respond to the viral regulatory 
functions introduced by a superinfecting viral genome. Table 
2 shows that the LH,p192-8 subclone does: indeed expres 
interferon activity induced by HSV-1 and HSV-2, but not by 
infection with more distantly related viruses of the herpes gro 
for example, cytomegalovirus. (CMV) or- pseudorabies vi 
(PRV). 

The interferon synthesized both in microin jected eoaytes: and 
LH;p192-8 cells displayed the same species specificity and 
antigenicity as that derived. from human fibroblasts, that is 
was active on human cells but not on bovine or mouse cells, . 
and it was completely neutralized by anti- human IFN-8 antis: 
serum’*, but not by anti- human a-interferon’® or anti-mouse 
IFN-a plus -B antisera'’. We conclude that the interferon 
synthesized is authentic human IFN-8, which could only have 
been encoded by the exogenous human IFN-8 sequences intro- 
duced into these mouse cells by transfection. = 

The kinetics of IFN-8 synthesis i in superinfected LH2p192 -$ 
cells, including initiation within 2-3 h, maximal expression at 
6h and a decrease by 20h, follows the expected time cour: 
for viral transcriptional regulation of a delayed-early promo 
that is, induction by immediate-early functions followed’ by 
repression after synthesis of late functions. Additional expe: 
ments with a viral ts mutant that synthesizes an inactive immed 
ate-early protein supported this conclusion (Table 2, expt ; 
The tsB2 mutation maps in the HSV-1 IE gene IV, wh 
encodes a phosphorylated protein of molecular weight 175,000 
(175K) having DNA binding properties and a nuclear 
chromatin-associated location’*'’. This protein has been shown 







































































Table 1 Human IFN-8 synthesized in Xenopus oocytes 


Plasmid DNA 


Interferon (U ml™') 
injected (ug el’) GM2504 Ly 
a b a b a b 

pPHFE-DNA 0.20, 0.10 <20, <20 <20, — 
pGR192 0.10, 0.10 530, 120 <20, — 
pGR191 0.17, 0.10 <20, <20 <20, 
pBR322 0.14, 0.10 <20, <20 <20, — 
pGRi8 0.15, — <20, — <20, — 





Mature {Xenopus oocytes were prepared as described by McKnight - 
and Gavis° and a sample (3-5 ng) of supercoiled DNA in a 30-nl volume 
was microinjected into each nucleus. Fifty oocytes per assay were 
washed and incubated in 3 ml of Barth’s medium at 18°C for 36h. 
Interferon activity in the medium was assayed | as described pre 
viously re using the cytopathic assay of Finter ™ on either huma 
fibroblast cells trisomic for chromosome 21 (GM2504) or on mous 
Ly cells. The interferon titres are given in international referenc 
standard units (69/17). One unit of standard human IFN-£ titrated 
1 unit in our assay on GM2504 cells and as 107° units on Ly cells. 
results of two independent experiments are shown: a, Xenopu 
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‘resulted in a 50-fold reduction in the level of IFN-8 synthesis 
-compared with infection by the same virus in permissive condi- 
tions (33.5 °C). : 
_. Induction of interferon activity was not detected after HSV- 1 
defection | in five LH,p191 cell lines and in four other LH,p192 
cell lines when tested at sixth passage (only one of each is shown 


| induced in eight of the ten LH,p191 or LH.p192 clones by 
either poly(rI-rC) treatment or Newcastle disease virus infec- 


and that they also respond to induction by some other mechan- 
ism that does not require the presence of the TK promoter’. 
The inability to induce interferon in some LH,p192 lines after 





lines were digested with PvuII (which cleaves once within the 











LH2p191-3 


Fig. 2 Demonstration of the presence of 
human IFN-8 DNA in transfected mouse cells. 
High molecular weight DNA was extracted 
from mass cultures of appropriate subcloned cell 
lines at sixth passage, digested to completion 
with Poull and fractionated by agarose gel elec- 
trophoresis (1.2% horizontal gels, 10 ug DNA 
per sample). The DNA was transferred to 
nitrocellulose and incubated with a *’P-labelled 
probe prepared by nick-translation of the iso- 
lated 560-bp IFN-8 fragment from pGR191. 
Hybridization was carried out at 37°C for 18h 
in $0% formamide, 10% dextran sulphate, 
1x Denhardt’s mix, 0.5% SDS, 100 pgm 
denatured salmon sperm DNA, 20 gmi ~ E. 
coli RNA, 3«SSC, 1 mM EDTA, and 50 mM 
Tris-HCI] pH 7.6, by a procedure based on that 
described elsewhere*?. The sizes of hybrid 
bands detected in the autoradiograph are given 
in kilobase pairs. Lane 1, human fibroblast HF-4 
cell DNA used as a single-copy reference; lane 
2, LH,p192-1 DNA; 3, LH,pi92-8 DNA; 
4, LH,p191-3 DNA; 5, LH,p18 DNA. 


‘the thymidine kinase gene?! Infection of ‘LH,p192-8 cells 
‘with HSV-1 (tB2) in non-permissive conditions (39.5 °C) 


in Table 2). Surprisingly, in earlier experiments with these cell 
lines at third passage, we found. that human IFN-£ could be 


f tion, indicating that the IFN-B cDNA sequences were present 


HSV infection could represent either sequence rearrangements. 
or loss of the TK-IFN hybrid gene after integration. To examine 
this question, DNA samples from LH,p191 and LH3p192 cell 


IFN-@ structural sequence) and hybridized with a **P-labelled 
fragment probe consisting of the isolated 560-bp IFN-8 coding 
juence (Fig. 2). The single-copy IFN-B gene sequences pres-. 
it in human fibroblast cell DNA gave two bands of the size 
pected from previous reports’? Similarly, the LH,p192-8 
and LS;p191-1 cell DNAs each exhibited two bands that corre- 
ted with the appropriate. fragment sizes expected after 
eavage at the flanking PvulIl sites in the HSV-2 TK gene. In. 
contrast, DNA from the LH,p192-1 line at sixth passage did; 
ot hybridize with the interferon cDNA probe. Therefore, the. 
lack of inducibility observed in the LH.p192-1 line correlated 
“with the absence of IFN-6 sequences from the cellular DNA, 
-whereas the lack of induction in the LH2p191-3 line was prob-. 
ably related to the reverse orientation of the promoter with 
respect to the IFN-8 coding sequence. These data strongly 
epon the notion that the synthesis of IFN- in the LH,p192-8 | 


forming units per cell in expt 1 to 30 plaque forming units per cell in expt 2. The ~ l 


T Interferon induced (U mi’) 








Ooa Superinfectiont 
ANOS oo E e 
Cell line Virus used - infected® -3h 6h 20h 
Expt 1 F T 
Ltk” 'HSV-1(MP), 36°C <5 <8 <5 <5. 
LH.pi8 HSV-1(MP), 36°C <5 <$ <5 <5 
LH,p191-3  HSV-1MP), 36°C <5 <5 <5 <5 
LH,p192-1 HSY- HMP), 36°C <5 <5 <§ <5 
LH,p192-8 | HSV-1(MP), 36°C <5 60 160 45 
Expt 2 
Ltk” HSV-1(MP), 36°C <5 — <5 oo 
LH,p192:8  HSV-1(MP), 36°C <5 — 320 80 
LH.,p192-8 HSV-1(KOS:sB,}, oe von 720 40 
33.5°C : 
LH,p192-8 HSV-1(KOS#sB,), — — 15 <§ 
39.5 °C 
LH,pi92-8 HSV -2(333), 36°C == —- 720 so 
LH,p192-8  CMV(Towne), 36°C sie — <5 <5 
LH.p192-8 PRY, 36°C oo — <5 oa 
HF-4 HSV-1(MP}, 36°C <5 on <5 — 





The transfection protocol used was essentially that described by Graham et 
al?’ as modified for TK: selection by Wigler ef al.’ and is described in detail. ©. 
elsewhere'*. Ltk” cells are thymidine kinase-negative L cells; LH,p18, LH,p191 
and LH;p192 cells are TK* clones selected in HAT medium after transfection. 
of Ltk” cells with the pGRI8, pGR191. and pGR192 plasmids, respectively, 
HF-4 cells are diploid human fibroblasts. ° 
* Media from 5x 10° cells per 35 mm -dish were eaan directly for the: 
constitutive production of interferon (24 h collection) on human GM250. i 
indicator cells. . 
+ Cell cultures were superinfected with wild-type herpesviruses at 36 Co or with: 
HSV-1(KOS¢sB,) at either 33.5°C (permissive conditions). or 39.5°C (non 
permissive conditions). The. multiplicities. of infection. tanged from. 10 plaque 














levels. of interferon. accumulated in the medium at various times after virus 
absorption were assayed on GM2504 cells. ; 





transfected mouse cell line represents t riptional events 
related directly to the correct positioning of he TK promoter 
sequence. : aS 
By placing the interferon gene behind the TK promoter, WE 
hoped that an active product might be expressed continuously 
in transfected cells in the same way that the TK gene product 
is expressed continuously in TK* cell lines. However, this was = 
not the case. Although we selected for constitutive expression _ 
of the viral thymidine kinase enzyme behind one TK promoter — 
in the LH2p192-8 cell line, a second TK promoter introduced 
into the same cells, but controlling the unselected interferon - 
cDNA gene, was apparently not expressed to any significant 
degree, Nevertheless, this second TK promoter was still avail- 
able for transcriptional activation when the appropriate viral »& 
factors entered the cell. Therefore, the control of expression 
from the resident unselected TK promoter in the transfected 
mouse cells follows the normal pattern seen in HSV-infected 
cells. The fact that HSV infection does not induce interferon 
in a human fibroblast cell line (HF~-4), and the lack of induction 
by the HSV-1 isB2 mutant in LH.p192-8 cells at non-permis- 
sive temperature, provided further evidence that it was neither 
the input virions nor viral DNA which activated the TK-IFN 
hybrid gene, but rather a specific HSV regulatory gene product ` 
(probably the 175K protein itself). T 
We thank Dr W. Fiers for the gift of the HF12cDNA clone 
used in the original identification of our pHFB-cDNA plasmid, 
Drs K. Berg and E. DeMaeyer and J. DeMaeyer for gifts of 
antisera, and Dr B, Sollner-Webb for making available microin- 
jection facilities. G.R.R. was a predoctoral fellow in the Medical 
Scientist Training Program at the Johns Hopkins School of | r 
Medicine (GM07309). A.B. was supported by a NATO © 
exchange program fellowship. This work was funded by NIH ` 
grants SROI AIl- 10944- 09 (P.M. P and 2ROI CA-22130-04. 
(G.S.H.). 
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ransposable. TEES Tn7 is unusual in 
inserts into a particular site of the Escherichia coli 
some with high efficiency’? and with a unique orienta- 
fost other transposable elements in prokaryotes are 
le of translocating from and to a variety of sites in bac- 
ophage and plasmid DNA as well as in the chromosome’. 
» have previously shown that the ‘attachment site’ for Tn7 
in E. coli is located between oriC and glmS at minute 82 (ref. 
) of the chromosome’. We now report the DNA sequences 
of the termini of Tn7, of the attachment site (before and after 
Tn7 insertion) and of an alternative site of Tn7 attachment. 
We conclude that the specificity of the attachment site is deter- 
mined by specific DNA sequences and that secondary structures 
tay be involved. | 
‘Tn? is a very large (14 kilobase {kb)) element which codes 
resistance to the antibiotics trimethoprim, streptomycin and 
ctinomycin'. Its preference for the attachment site is so 
pronounced that, when the site is available, virtually all transpo- 
on events are directed there’. It is not yet known whether 
o the high efficiency with which Tn 7 transposes into Pseudomonas 
aeruginosa’, Klebsiella pneumoniae and Agrobacterium 
tumefaciens (M. van Montagu, personal communication) in- 
volves a similarly unique site, but the transposition of Tns $4 in 
Staphylococcus aureus. is known to involve such a site’. 
_». We have obtained the DNA sequence of the attachment site 
ee by the use of the plasmid pCPL6’, previously constructed from 
the plasmid pBR322’ by replacing the small EcoRI-BamHI 
-restriction fragment with the much larger (8 x 10° molecular 
oS weight) corresponding fragment derived from the transducing 
phage’ A asn 5, which was shown to contain the Tn7 attachment 
te’, The site-specific properties are retained’. Figure 1 shows 
striction map of pCPL6 including the Tn7 insertion-site. 
e DNA sequence of the non-preferred site, we have used 
mid ColE1::Tn7. In both cases, DNA sequences of 
e restriction fragments were subcloned into an M13 
tor and sequenced using the chain termination 
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Fig. 1 Restriction map of pCPL6: Ta?, showing: the source of thes se 
quenced material. A small BglII junction fragment at. the left end (i 
Tn7 was subcloned into the phage vector Mi3mp2/Bam tref. 18). F 
fragment was used as a probe to identify, by plaque hybridization sc 
ing’, the Sau3A restriction fragment from pCPL6 that includes the Tn 
attachment site before insertion, The cloned insert of this latter phage was 
used similarly as a probe to identify phage re-combinants containing the 
Sau3A junction fragment of the right end (R) of Tn7 in pCPL6::Tn7. This - 
right-end junction fragment was then used as a probe to identify the Sauw3a .- 
junction fragment at the right end of Tn7 in the plasmid ColE1::Tn?. In. 
addition, a PsA fragment overlapping with the left-end Bg/TIl junction 
fragment in pCPL6::Tn? was subcloned into the Mi3mp2/Pst. phage- 
vector", The cloned. inserts of all these M13 phage recombinants ye 
sequenced by the chain terminator method” using the virion DNA 
template?’ and a 17-bp synthetic primer (M. Gait, unpublished) | or the 
92-bp universal primer*!. These DNA sequences are shown in Fig. 2, Note | 
that the plasmid pCPL6: -Tn? contains a secondary A attachment site 
indicated as PO“B” in the figure isee ref. 2 for a complete description of 
the construction of pCPL6). —, E coli DNA; W, Tn7 DNA, 2 A, pBR322. 
DNA; CA DNA. ; 


In two independent experiments, Tn7 was inserted into t 
attachment site in pCPL6 by the techniques described in: 
2; in each case, the site of attachment and the surrounding 
sequences were identical (see Fig. 2). The following propor 
of the DNA sequences are of interest. 

As with many other transposons, Tn7 insertions are pou jed 
by short (5 base pair (bp)) directly repeated sequences. The 
occurrence of a duplication of the pre-existing 5-bp sequence | 
must be a consequence of the mechanism of transposition, | 

The precise site of insertion occurs in both the E. coli chromo- . 
some and in ColE1 within a short region of target DNA that 
contains inverted repeat sequences. Such sequences have 
alternative pairing configurations and may be represented either” 
by linear duplex DNA or by looped-out cruciform or hairpin 
structures (see Fig. 3a, b). e 

It is difficult to evaluate the importance of these possible 
secondary structures in Tn7 transposition. Thermodynamic 
calculations using the rules of Tinoco’’ suggest that in single-. 
stranded DNA these structures can stably form at 25 °C (AG = 
-7.2 kcal mol”! for structure 3a and AG = —3.6 keal mol’ for . 
structure 36). At 37°C, however, the second of these free 
energy calculations is unlikely to be a sure guide to the stability 
of a cruciform structure. There is strong evidence that secondary | 
Structures exist in supercoiled duplex DNA (ref. 11), pars 
ticularly in A + T-rich regions’*. Bacteriophage A, which shares- 
many properties with transposable elements, has been shown - 
to require supercoiled DNA for integration"? +, and the bacte 
chromosome is known to be composed of superco’ 
domains'*. Perhaps site selection by Tn7 involves struct 
that directly result from this supercoiling. With oth é 
posable. elements, the site of insertion ‘seems. tt 



































































uences. of 22 bp were identified by computer analysis”; they 


3c presents a potential hairpin structure that might form by 
bringing the homologous regions at each end of Tn7 into 
register. The asymmetry at the ends of Tn7 may account for 
-its unique orientation of insertion at the attachment site, as 


insert in either orientation’. 


-sequences within each end. For example, other members of the 
family of elements that generate 5-bp duplications have the 


direct repeat*. (A nearly homologous sequence, 5’'ACAAAA3’, 


ommon feature may have some role in recognition by the 
nzymes involved in transposition and, since the duplicated 
gions (that is, box 3) are more extensive in Tn7, this may in 
rt account for the unusually efficient transposition of Tn7. 
Jaturally, the nature of the target sequence must also determine 


Fig..2 a, b, The DNA sequence of the ———> Eea 

leftand right ends of Tn 7 at its attachment 5 žo 30 
site in the plasmid pCPL6::Tn7. It has 
-been assumed that the insertion site of 
Tn? in the E coli DNA region of this sao an 179 
. plasmid is identical to that of the Tn? 
attachment site in the context of the E. 
coli chromosome, an assumption. sub- 
- gtantiated by restriction enzyme analysis’. 
~ The left end of Tn 7 terminates at position 
390 in a. The right end terminates at 
position 205 in b. The DNA sequence of 
a 13-kb region of Tn? DNA between ibs ss iis 
- these ends was not determined. Each end 
is flanked by E. coli DNA that surrounds 
the Tn7 attachment site (positions 1-389 10 B20 616 
in a and 206-401 in $). The Sau3A 
striction fragment (1 kb) from pCPL6, 
that includes the Tn7 attachment site ie tes bess 
efore insertion, begins at nucleotide 304 
na (as indicated by the arrow); this frag- 





750 abe 270 


l 370 380 
GIABTAAATG GATGCECTGS ATAA 
CATTATTITAC CTACEGGACG CATI 





tö iQ ao 


G+C-rich region is present at each end 
: of Tn7 (box 2) in opposite orientation. sg aN i 
= Other regions of near direct repeat are EATCTATTTT U ; 
indicated as box 3 at each end of Tn7. An ae 
asterisk at position 659 indicates an extra 350 
G:C base pair in one of these boxed 

regions. Certain regions show some DNA 


£80 276 


(YGCTTTTTTATACTAAJ) of A att 
(ref. 16) when allowance is made for gaps 
“at. some nucleotide positions. These 
“regions are at positions 210-225 (10/15 
bp. homology) 229-241 (11/15 bp s 
~homology)in è. A similar sequence occurs 
at positions 151-138 in the right end of 


isi 159 


as ; unusual: asymmetrical termini. _ Bach end contains 
ons that occur several times in the same orientation and- 
h e closely homologous, They are contiguous in the left 

n7 (boxes 2 and 3 of Fig. 2a). These direct repeated 
= more than 75% homologous. In the right end of Tn7, they. 


appear in the opposite orientation (boxes 2 and 3, Fig. 2b) but. 
are separated by sequences not found at the other end. Figure 


other transposable elements have symmetrical termini and 


Other transposable elements also possess directly repeated 


sequence S'ACGAAAA3' followed by a poorly conserved © 


occurs several times within the ends of Tn7 in box 3.) This 


GG LE SH 
ad GaTcrcTiac ATTCACELTG aaGCCTACGC TECTEGCRAA CTGASACACE GICCELTEGL GCIAATIGAT GECGATATOC COGTTATTO? TOTTGCACCS AALAACGAAT TOCTEGARAA:.~. 
aX TADABAATG TRAGTERGAC YTCGGATGLG ACGACCGCTT GACTTTOIGS CAGGCGACES CGATTARCTA COGCTATACG GCCOATAACA ACAACGOTASEL TTGTYGOTTA ACGACETTTT 


AGAGOTGATT GLACCGATCY TOTACRCCOT TCEBCTOCAG CIGKISGCTT STOATGICGS : 
TOTCOACT AG CGTAGE TAR AGHTGTEGIA pasponeaT GACBACCHAR TGGTACAELG Cole 








32 : 
ee Se 


TAARGACTAY ATTCCRTGGL TARCAGTALA GAABTICCTT CTT aaa ts 
ATTTCTGATA TRAGGTACEGS ATTHTIOATGT CTTLAARGAA GHAGT CCAS 


repeat, as indicated by the arrows. A short b: -Soatcatacta ALCTEASEGG CAGGTTAGLT AGATIAGTTA ACURRATAAG | 
*YCTAGLATGAT TEGACTSOCC GICCAATCGA TCTAATCAAT TOGTCTATTC f 


ETETE COTAARTAAT COTTAARARE TOCAPT TCA C 
GAGAAS OORT TTATTO GGARTITTTS AGGTASAaAGt G6Ghap 


sequence homology to the core region 270 380 390) 
TATTTARATE AGACTHAAGA ETTATCTOTO TETGTLATAA Hace oe 
ATAHATTIAG TOITGARTICT BAATAGAGHE AGARAGTATT fo+as- 


10 2G 34 ; LAN Sü 
C HEC TGTETG COCERTCRTA GTACGGCTGOS AGGCHFTTTE caarciacase c 
GOCSGACAGHC GOGECAGCAT CATECESACG TCUGLAARAG GOLAGACATO GANGTACAAG CCTTAUTGTY TTAAGTCOSG TTEGGCAGGG AACAGGACCA COAGGTGSOGY GTCCTACGAT 





7 ‘Tn7 terminates 


transposable elements and the provirus forms of retroviruses” 
A full understanding of the reasons for the extreme specificity 
of Tn7 for its attachment site must await furth 





are not high efficiency target sequences. Tn7 may show a 
preference for insertion near to regions showing DNA sequence 
homology with its termini, as both insertion sites reported here 


show ~65% homology with the terminal 12 bp at the ends of: 
Tn7; such a preference has also been observed for other trans-: 


posable elements’. Enzymes or mechanisms similar to those 
involved in bacteriophage integration may be involved, for the 
regions surrounding the Tn7 attachment site and a region within 
one end of Tn? show homology to the core sequence of A att 
(see Fig. 2). Such sequences also occur within the termini of 
other transposable elements'*, while the element IS4 favours 
insertion into a site close to a secondary A att in the E. coli 
chromosome”. 

A better understanding of the factors involved will require 
a mutational analysis of Tn7 and its attachment site. Work is 


under way to determine the DNA sequences of mutations that 


affect this phenomenon and establish which nucleotides partici- 
pate in site-specific Tn7 integration. 


ass 5h BY Te ae ae) 


LBG 170 180 -oige 200 2:0 220 230 240 


ACTGAABTCOD AACATTGAAG AAGTTOGCGOC GCGTGGCGST CAGTIGIATG TC TTCGCEGA TCAGGATELA GGTTTTGTAA GTAGEGATAA CATGCACATC ATCOAGATGC COCATGTGGA 
TGACTITAGG TIGTABE TTC TTCAAGCECG CECACCHCCA GTOAACATAC AGAAGCGGET AGTUCTACOU SCAAAKCATT CATEGETATT GTACGIGTAG. TAGCTLC ALG GEGYACACCT 


280 28e 300 we) 326 330 BAG 350 380 
-SGCACCOACE TTGACCAGKC GCGTARCCTO GCARAATCGG TTACGOTFGA 


TT COOTGGL IOC ABLTGGTCEG COCATTEGAC CGITTTARCS RATGECAACT 






left end of Tn? 
aie 










1 ne 7: PONE. T: AN __ 450 
Hage. HARBTARATEC TAGAC TATE OFA TAI 
TYTTATCTAG ATTTGATA 















MAT CAGASTAGTT GTAARCT OAS 


RUTATTICAG AAT LSTETTATCAR CATT) 


> $20 s2 $40 | $80 Sey S70 BG s80 
ATCAGTCCAG TTATGETGTG ABAAAKCATA CTGGACTTIY GTTATUGLTA AAGCAAACTC ITCATITTET GAAGTOCARA TTORECGTEG TATTARAGAG GGOCUTOOCE AAGGGCATGG. 
TAGTCAGGTC AATACGACAD TITTICOTAT GACETGARAA CAATACCGAT TTOGTTISAG ABGTABSAGA CTICACSTTY aaCGGacaGe ATAATTTCTC cocecacces Trecearace 






asa Prog eke 87u BBL BHO NY. FIG n 
"TOC ATAAGACGGS ACGAGTCLAT CATTYOCTAT CTGACTYAGA. 6 
ABAGETHOLE TaAATARGAG TATICTOCOE TECTCAGGTA GTAARCGATA GACTGAATCT 
780 PRG 180 739 ind B10 azo a30 


S aso 889 avo > age EEN a -gia aro 
ent Was here shown to retain efficient GIAGATCAGK TTATGTCTAC TGATITITTA GTGGACIGCA ANGATROTEC TITTGAGEAG TIIGCTATIC AABTEAAACE TaraG-~++-- restot Tn? 
; site-specific properties with rëgard to Tn? ERIC TASTES RATALAGA TG ACTARRAAAT CACC TSACGT TTR T RCC aS AABAC TORIES: HARCHT AAG TTLAGTT TOG ACHTE ia i 
transposition’. A 5-bp sequence of dupli- 
cated target DNA (indicated as box 1 in 
a and $) flanks the ends of Tn? asadirect «- -rest of 7 


ae fire . tög i 430 29 
GIATTAGL IY ACUACUCTAC La 


CATARTCOAA TGLTGCGATG 


ihe to zio 230 zso 


CATTTFTETT CECTÖTTATOT TTTTARTCAA 
GTARRRAGAA GGACAATALH AÖNATTARTT 





age 2 oe Feber 34.0 ae ae aad 350 


360 
ACATOCTGCO AACTOCATGT GACAARLCGT CAICTICGGE TACIT TTICT CIGTLACAGA ATGHAAATTT TOTGICATCY CITCGTTATT AGTRITIGTA ATIGACTSAA TATCAACGET oes 
TGTAGGACGG TIGAGBTACA CIGTTTGGEA UTAGAABCCH ATHAARAAGL GALAGTOTCT TACTIT TAA -AGACAGTAGA GAAGCAATAR TTACABACAT TABCTOACTT ATAGTTOOGA:@ 006 


Gti 


ven of. re go g9 i 
TSCATGTH, GGAKITRACAS PATTCAGQCIC ancccatcee TrareeThe? serecactta cacsatatys 


a 110 ae 580 zob BER o Bee. 2. 240 


3 squence TG.. , CA, as: 
has also been observed in bacterioph age Mu (ref. 3), eukaryotic 


r studies. Clearly, 
the mere presence of a hairpin structure is insufficient, because 
many chromosomal and plasmid inverted repeat structures. 
(some thermodynamically more stable than the preferred site) 













homology). Significant A + T-rich regions 
that surround the Tn 7 attachment site are 


8712 homology with the terminal 12 bp 
of Tn7. c Shows the ColE1 DNA 


Tn7 in the opposite orientation (9/15 bp etal s 


ATGALTAAAA 


RAAGGGGACT 


TTCGAGACE GGOCAYCAGT ACACGCTCOA AGC TOGCEAT CALTTITYLE COILETECCH BOGGCAGCTC. CITCTECGtG AANGACAGRA cacenoacet GTATYTTETTE 
AAAGETETGG CCCOTAGTCA TGYGCCAGITT TEDAGÇAHIA GTÜARGAAAGT GCAGGAGGOE CGCCOTCHAG GARAGAGREGE TTAGTOTETT ? STEGECTOCA CATAAADAAG 


280 289 270 a 280 Ou ae $20... ar a 330 360 
at positions 343-369 in a (19/27 A+T) GUARATHGCH TOGCATEGAT GAGTTCCCGO ACTTET 2 GATTACCOTG MAGCACCETT GCOLCTICGC GATTACOCYC ceteccbane aagranrcan ECOGACCACT accaccacct 
Pa s RAJ CGTTTACCEC ACCGTAGCTA CTCAAGGOCC TGAAGARGRC CTAATGOGAC TICGYAGEAA CECKGARSESG CCAATECGAG SGAGEGET gact aba 
_ DNA sequence at the Tn7 attachment site Par Mis E EET Pe és eC Pie ee. i 

S'CGTAAGCGGGCA3 shows an TIYCECCTGG CATGAASTTT RACTATCATC. COGCACTEEE IGIYECCYGA TAGECALACR CARCEROCÖC AGCTCATECE CGATEGCE <«-a0+ 


GTACTTUAAA TTGATAGTAGR GECGCGGHEG ACAAGGGALT GYCEGICTGO. GTLAGECBER TRGAGTAGGE GLTADCGG+-+-.. ` 


sequence of the Haelll G fragment”, including the Tn7 insertion site before insertion. This site was deduced by comparison of the right:cùd junetion fragment 
of ColE1:: Tn? with the sequence of this region in ColE1 previously obtained by J-I, Tomizawa and H, Ohmori and reproduced: here with their kind permission, 
An arrow between positions 278-279 indicates the Tn7 insertion site, which isin the same orientation as that shown in the atta 
ie right end oF Tn7 in copes was ees with that shown i in b. Nucleotide peters 262-273 {c) show 7/1 12 br. y: hömiolósy with the term 





nt site: The sequence of 
2bpol Taz, — 

































VITETOAGTC TYGAGTSGGA GAGCAGCETG CTAGATATAC GUGARCAGTT CECCTTATTA CCTAGTOATR CCAGGLAGAT TOCAATAGAT AGTGGTATTA AGCATCCTGT TaTTcaTGGT 
ARAGAGTCAG AACTCADCCT CTCGTCGLAC GATCTATATG CGCTCOTCAA GGGGAATAAT GGATCACTAT BGTCCOICTA ACOTTATETA TCACCATART TCGTAGHACA ATAAGCACEA 
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gene suggests a 
separate origin for its 5’ end 
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Prolactin, growth hormone (GH) and placental lactogen « : 
stitute a family of polypeptide hormones which share certai 
structural” and functional” features. The prolactin and GE 
genes evolved from a gene duplication about 400 million | 
ago’ and, in humans, segregated onto chromosomes 6 and 1 
respectively", We expand here previous reports’*"* on th 
general organization of the rat prolactin. gene, rPRL, a 
haploid gene number and extend its DNA. sequence ' 
We postulate that a direct repeat flanking exon ae e be 
remnant of an insertional event. a 


The at Feoil oe and its adone enco ade 


Fig. 1 Detettion of 

rPRL and distribution : zr, 

of coding and repeti- 7 | 2 J 49 ot 8 

tive sequences among ii 

its restriction frag- 

ments. Lanes 1, 2: 

Sprague-Dawley rat 

liver DNA digested 

with BamHI and PstI 
respectively, electro- 

phoresed on a 0.8% 

agarose gel, transfer- 

red to nitrocellulose 

and hybridized to a 

P labelled 7PRL cDNA probe”. Lanes 3-5: DNA fragments- 
from the Hooded rPRL recombinant ACharon4A clone. digested. 
with Pst], Pvull and HindIll respectively, separated on a 0.8% 
agarose gel and hybridized to the **P-labelled rPRL cDNA probe. 
Lanes 6-8: as for lanes 3-5; but hybridized to **P-labelled total 
rat DNA after melting off the previous probe. ‘Repetitive « and: 
coding sequences are both present in the larger of the two Ps 
fragments and in the 5.6 kbp Hindi] fragment, but the 1,5 kbp p 
HindIII fragment contains only repetitive DNA and is located j in’ 
the 3'-flanking region of the gene. Lanes 9, 10: autoradiograms of: 
an identical blot of EcoRI-digested rPRL subclone pRPRL~PstQ: 
(see Fig. 2c) hybridized to **P-labelled rat DNA and then to a” 
probe made from the 3’-repetitive region respectively. The posi- 
tions of molecular size markers are indicated. Templates for probes 
were labelled internally with **P-dNTPs to a specific activity off: 
1x10" c.p.m. pg using random primers’® or nick translation”? 
Total DNA probes used to map repetitive sequences were synthe- 
sized by internally labelling rat DNA sheared to 500 bp. These. 
probes have been shown to detect sequences in >50~-100 copies | 
per haploid genome in the hybridization conditions used”, rPRL 
was isolated from a Hoodel rat ACharon4A library (kindly pr 
vided by G. Paige) composed of partial EcoRI-digested rat DN. 
fragments ligated into phage arms. Established techniques w 
used for clone identification’’ and amplification”. Restri 
endonucleases were purchased from New England : 
Boeringer-Mannheim and Bethesda Research Laborator 
used as recommended. 


Philadelphia, Pennsylvania 19104, USA. 









and b, the ACharon4A- ie 
“PRL recombinant clone. 
~R and L refer to the right 






































































ci structural map of the area i 5 
= şequenced and e, the r 
extent of sequencing, 
| indicated by the / 
bracketed lines. a-c are io 
<= drawn to the kbp scale on 
the top, and d and e to d 
the scale on the bottom. 
The subclones indicated 
“in ¢ were constructed by 
` ligating Pstl or HindIl 
digests of the e 
Charon4A~PRL recom- 
binant into 5'-dephos- 
phorylated (bacterial — 





HB 101 were made competent by CaCl, treatment” 


of all the pBR322 subclones are shown in Fig. 2c. 
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Fig. 3. Comparison of splicing site jocation and gene structure 
of rPRL and rGH. a, Amino acid sequences (single-letter code) _ 
of rat. preprolactin and rat pregrowth hormone aligned to maximize 

a homology”. Rectangles enclose the amino acids encoded by each 
exon. The amino acids located at the carboxy terminus of the 
coding region of each exon are numbered. In-rPRL, the codons 
~ for alanine (A) or glycine (G) indicated at the beginning of exon 
Zare actually split by intron A (see text for discussion). b, Com- 
| eee of the sizes of PRL and TGH, Exons are indicated by 
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alkaline phosphatase, P-L Biochemicals) PsrI-or HindIll-digested pBR322 using T4 DNA ligase (New England Biolabs): Escherichia colt 
, transformed with the ligation mixtures, and recombinant colonies conteuune rPRL 


entire rPRL gene (Fig. 2b). The location, size and orientation - 


The map of the isolated Hooded rat prolactin gene was — 
entical to the rPRL mapped i in the Sprague-Dawley genome — 
‘ig. 2a, b). Both maps were constructed by hybridizing 3p. 
elled restriction fragments from specific regions of rPRL — 
INA to Southern blots'* containing restriction fragments of © 
> rPRL-ACharon4A recombinant clone, or digests of- 


E _ ends may have had independent- origin a 


cand left phage arms K 

_ respectively, exons are ONE ` a R oA ae 
“indicated by solid rec- | | gS ÈA ee $ oS 
tangles and repetitive b ee et 
regions that hybridized to | 

total DNA probes by i : 

white rectangles. c, Loca- | Lael sees - 

tion and orientation in oe : g 

pBR322 of the A-rPRL ¢ 

subclones used for i guerre oe pRPri Hindit B x 
detailed mapping and : ; 

sequencing. d, Detailed , pre | 
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. restriction fragments identified by hybridization to? 2P labelled PRL cDNA”. a 


Sprague-Dawley liver DNA. The 10.5 kilobase pair (kbp) rPRL 
was found to consist of five exons and four introns (Fig. 2b, d), 
similar to the pattern found in the rat GH gene (rGH)*"*, and © 
in good. agreement with the size estimates predicted by Kero! $ 
duplex mapping of the Sprague-Dawley rPRL". The sizes of 
the PstI genomic rPRL fragments and those from the PRL _ 
recombinant phage DNA were identical (Fig. 1, lanes 2, She 
There were no BamHI sites in the cloned gene, and only one 
hybridizing BamHI genomic fragment was seen (Fig. 1, lane — 
1). Previously only one rGH was mapped in the rat genome’*""*, 
although | multiple GH genes are present in the human 
genome’’, It seems reasonable to conclude that’ there is only 
one rPRL, although the presence of additional prolactin genes | 
embedded in an identical surrounding DNA environment is 
possible. A previously mapped and partially sequenced 
Sprague-Dawley rPRL lacks 2.55 kbp of DNA in intron D>”. 
We found no evidence for this structure and conclude that it 
may represent a polymorphic variant, cloning artifact, or map- 
ping error. , 
DNA sequence analysis has shown that the slicing junctions fe 
f introns A, B, C and D of rPRL are of the same class? and 
occur at analogous positions to those determined for rGH when. - 
both coding structures are aligned to maximize homology (Fig. 
3a). Conservation of intron location in coding regions is 
frequently seen among individual members of gene families’: 
The conservation of splicing sites was particularly striking 
between rPRL and rGH as they retain only about 25% amino 
acid homology and rPRL is five times. larger than rGH (Fig. 
3b). This conservation of splicing site locations substantiates 
the hypothesis that rPRL and rGH evolved from a common 
precursor. f 
Although the similar overail structures of PRL and rGH | 
implied a common precursor, lack of homology and dissimilar. ` 
lengths between exons I of these- genes. sugges ted that the 5’. 
irect decanucleo- ~ 
cceurs at bases —77 
on A at bases nage 
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tide repeat which flanks exon I of rPRL, 
__ to ~68 in the S'-flanking region an d agi 
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s -29 =21 E ee * 
Met Asn Ser Gin Val Ser Ala Arg Lys 

NIG AAC A&C CAG GIG TCA GCC OGG AAA G GTATOTG 
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Gly. Thr Leu Leu Leu Leu Met Met Ser Asn 
CA.GGG ACA CE CIC CG CNG ATG ATG TCA AAC 


Le. Leu Phe Cys Gln Asn Val Gin Thr Leu Pro Val Cys Sec Gly.Gly Asp Cys Gln Thr Pro Leu Pro Glu Leu Phe Asp Arg Val Val Met Leu Ser His Tyr Tle 
EEE E OE Cree are oa te eee ne etm ae S ener ce apo ee Cee ERE ee eee me E Rene CON EVE Si BEME 
fie Thr Leu Tyr Thr Asp Met Phe Ile Glu Phe 
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JePRAGARAAGACATACTGGTOGGAAATAAGTAGABARTOOTTRCITA AATTIOCGAGTOCTAATTS TTAAATATCTATTAAATACATTAANTATTOLAGT CATATATOCT TT AAR CN 3 
ee od ae ane ae ee ee ee ee ee 

ce 74 
-Sla Gin Ala Gn tys val Pro 







GCANGCTPECCATOCTRGINACTCAGTAGOCAGGAACAGGTGGATCTOTNGCTCTGCACTIGATT TCAGCAAAAGGC TGAGIATTCATAACCATOTC TT TUCACTCAGABATACABAACAAATCAAAR TAAARACAACE 
GAAAACCAACICATONGIGCTCACCTACARTTGCAGCACAGGAAATOS. AGCAGAGTT TAG CAGTCATOC TAGEC TACT OGACAGUT TCAGICT TUGGAGATOOCATOC TCA TORT TC TGAGLAATGACACC AAAI IC 
PPR CTAOTCTOCARBAAGAT PRAGA GONTOOCTONGINTGTACACACACAGACACAGACACAGACACAGACACKGACTCGAGACABACACARA TAGACHAARAAGAR: S Cir CIA PATACAAACATAN PIOTTTA 


CAAGTATRTRTGCT: NGAAGATTONT t: PRTAATATTTGIGATCIAABACTATATIAATATATACOIAGT LALGGAAACAAATAT I TIC TICAMIC TC LAL ACGAAAQOCACA AACA 

i ` 75 

pro-Glii Val Leu Leu Aen Leu Ile Leu Ser Leu Val His Ser Trp.Aei Asp'fro Leu Pw Gln Leu Lie ‘The Gly 

COG GAA GIT CTT TIG AAC CTG ATC CIC AGT TYG GIG CAC TOC TOG AAT GAC OCT CIG TIT CAA CYA ATA ACT. GGA 
134 

‘His Glu Ala Pro Asp Ala Ile Ile Ser Arg Ala Lys Glu Ile Glu Glu Gln Asn Lys Arg Leu Leu Glu Gly Ile Glu Lys Ile Te Ser Gin 

CRY GAA GCT OCT GAT GCT ATC ATA TCA AGA GOC AAA GAG ATT GAG GAA CAA AAC AAG OGG CIT CTT GAA GGG ATT GAA AAG ATA ATT AGC CAG GT 


MITTCARR OTTER CTOACTCATUGAARCACAGATE TC TTETTERAAANTTITTIRTTACATATA TPPA ACNETTCA? ACATTATI ROOOCTTOCTGAGG "YCITOTCTATAR 
ACACICIVXXCACATACAACTATTOOLCTATACATOR CAC TTATTONOLUOLCATATOLUT TU TIONAL LITO CAC A tian COOCTTIOOOCTIOOOOTGONGOICAAAAAG 


AGTRGGACOOCTOGGICAGLTDCALGIATACTET NIRS LAGNA T TACTIC TOGAAACTOTGOT TOTTI IGAL ROL GET TAT IGT TOCAAGC PCACOTOTETCAQTACT 





AAGIOGIIOCTATICTCAGIICAGTAGTTIGCTOCTAGCA GAOCTCTGLATTOGACCIGLICDGGALGTG CAGGAGAGATUTATATCTAGICOOTTTIGGCA! ATTPTOTATCTICA 
OCARTIC TORIC TA GOTPNGG TOG TOIRTATAT STATATGGOUCACATGIGIGTCAGICTCIGA NOGOCATTCTIGAGTOGCTOCICIAAAL TTCATTO ' AOC TATOGATA' ROOOCTYTATAAGAAL 
GAG CAA ITC LAPETIGTCA ETE CGALCTICTAAOI m t: SATIS d GOGAGCTOGGTT TSC TAATATOCACTTA AK GAGT? OF SACI AO G GTOLTTTTO GOGATIGAGTAAO 
CACTCAGCATGADN. COPAGPROCATCC ALT TSC TCAAT TT CATOAAG CATTOLTT TUGATAGL TOA TP TORTACTOL AC TOT GTAGATOAAL oN PITTTTTAA! TERT TAAGOGCATORGGITIV TTT 
tt PT OTATTNTAAATRAGO TO TA GAALCATALE GAA ATM GAP EDGINS CT TATATOT TSOP TPIGGOATATATYCAAGAGNSS "NTAGCE GOACCAGITASTIUOTRAT OA? 
GACGAALICTOCAGACTGNIN TOCAGAGIGSCACREOS TELCO TU TALI TORT E PATCTTAGOCGTTICTGACTOGTGAGAGG TAGANTOTCAGGGOGIT MN GATTTOTATCTOOL TOG TGACTAAGGH’ 
‘0 IETGAGCAT PASSO T TT GCCAGCGATAACALCTOLGLT GT EAC LOE CASE TT TAA LACAAIE TAT 11K GGAGTIC TAL GATT STATA GGATATCA TA 
i GAART IGATI COSTAE ET TPTCACARTC TONS SSOCATTITOIOCTAATCACAGTS TG ACARAR SCAGCTOCAGGACCATTOTOGATTCTIGATCTTAGAMACATGAGLCATT TGs 
GARATACTOCTTROTCAAL CAG NTT TGAAATAS Con CAAAGTTTACACA) PATGTAGG GOTAACKIGAAGCACAAAACTOTAATAACAGTAG? TAG GAA 








ie te FTRTCATTTCARTU ATC 5 4y it tiyr ; (Awd A Lee oe Fi. LAE PPA Le LAR. [WTI tS LP i e K A AA AAL ATL LEAN 
135 

Ala Tyr Pro Glu Ala Lys Gly Asn Glu- Ile Tyr Leu Val Trp Ser Gin Leu 
GX TAT COT GAA GXC AAA GGA AAT GAG ATC TAC TRG GL? TOG TA CAA CIC 





Pro Ser Leu Gin Gly Val Asp Glu Glu Ser Lys Asp Leu Ala Phe Tyr Asn Asn Tle Arg Cys Leu Arg Arg Asp Ser His Lys Val Asp Asn Tyr Leu Lys Phe Leu 
CCA TOC CRG CAA GGA GTE GAT GAA GAA ‘TOC AAA GAC TRG GOT TIT TAT AAC AAC ATT OGG TOC CNG C&O AGG GAT TOS CAC AAG GTT GXC AAT TAT CIC AAG TIC OTG 
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}: DNA sequence of rPRL. The sequence begins 423 bp 5’ to the cap site, includes 5,070 bp of the gene and ends near the poly( Ajaddition 
e. The numbered amino acids of rat preprolactin are shown. The TATAAA sequence is underlined once, the putative capping site is 
arred. Two sets of direct repeats are enclosed in rectangles. A dashed rectangle encloses an area of homology with intron B of rGH. The 
ots in intron D demarcate the approximate limits of hybridization to total rat DNA probes and three areas of homology to human Alu 
family consensus sequences are underlined. „The lengths of areas not presented are indicated. DNA sequencing was carried out by the chemical : 
leavage technique of Maxam and Gilbert*’, as previously modified’. Approximately 90% of the sequences shown were either determined 

ice or on: both strands. DNA peas cet were mesied in a PDP/1160 ae (Digital a a } using Poriin ponines by. 

; H. Martinez” 
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Fig. § Direct repeats flanking exon I of rPRL, rGH and conal- 
bumin gene. a, Diagram of an isolated segment of the 5’-flanking 
“region, promoter site, first exon and first intron of three genes. 
Rectangles enclose a decanucleotide repeat (100% homology) in 
rPRL, a 12 bp repeat (one mismatch, one insertion/deletion) in 
-rGH'"® and a 14 bp repeat (79% homology, two insertions /dele- 
tions) in conalbumin gene”. The number of base pairs separating 
the 5’ repeat and TATAAA, TATAAA and the 5’ border of exon 
: J, and the 3’ border of exon I and the 3' repeat are indicated. The 
“actual base number of the repeat units (cap site is +1) are indicated 
above or below the appropriate nucleotides. b, Shows an area of 
„homology in the 5’-flanking regions of rPRL and rGH. The 5' 
direct repeat in each gene, shown in a, is enclosed by a rectangle 
in b. 


insertion sequences and transposons” 


> approximate area that, in many other eukaryotic genes”, 





these genes in a homologous ‘hotspot’*’ for integration. The 
proposed insertion of exon I may not be unique to rGH and 
PRL. For example, a direct repeat flanking exon I in the chick 
conalbumin gene’? was detected (Fig. 5a). As in rPRL and 
TGH, the direct repeats encompass the TATAAA sequence 
and the entire coding unit of the first exon. As exons I of rPRL 
and rGH are non-homologous and of different lengths, we 
concluded that they may have been inserted independently into 
already distinct prolactin and GH genes. Such an event could 
place new regulatory signals 5’ to these genes and facilitate 
divergence of regulation and function. The 73% nucleotide 
homology between the signal peptides of human and rat prolac- 
tin’ suggested that the insertion of exon I, which partially 
encodes this region of the protein, occurred before the diver- 
gence of rat and human. Conservation of the decanucleotide 
-repeats during further evolution may have been a random event 
or may indicate some functional constraint on their structure. 
«Introns A, B, C and D interrupt the coding regions of rPRL 





_tively (Figs 3, 4). The precise positions of the splicing $ 
ssigned by locating the characteristic G-T at the 5'e 


the 3 ‘.eplicitig junction of intron. Ais ambiguous"’. 


12 basepair (bp) repeat, different in sequence from the rPRL. 
peat, flanks exon I of rGH (Fig. 5a), occurring at bases ~61 
>) ~50 and 124 to 136"*. In both genes, the repeats encompass 
TAAA {a probable promoter region), the mRNA cap sites 
id exon I. The presence of these direct repeats may indicate. 
that the encompassed sequence was inserted into these genes 
by mechanisms proposed for ‘prokaryotic, viral and eukaryotic - 
. The insertion of mobile — 
‘genetic elements characteristically results in a duplication of | 
Ost target site DNA bracketing the inserted DNA. Although | 
he sequences of rPRL and rGH are divergent, the DNA » 
equences encompassing the more 5’ of the direct repeats flank- - 
ng exon I of rPRL and rGH were highly homologous (76%) 7 
Fig. 5b). In both genes this homologous region was located in - 


ntains the CAAT homology unit, which is lacking in both 
RL and rGH. Sixty-nine bp upstream from the 5’ copy of - 
he decanucleotide direct repeat in rPRL was a second and | 
sumably non-functional promoter sequence (AATAAA) | 
preceded 42 bp upstream by a CAAAT sequence. rGH also ; 
has a second AATAAA, 21 bp 5’ to its repeat, but lacks the 
upstream CAAT sequence. These data suggest that the pro- , 
< posed insertion of DNA encoding exon I and its 5’-flanking 
` region occurred just 3' to the original promoter sequences of | 


between codons ~20/-19, 38/39, 74/75 and 134/135 respec- 
35, Maxam, A.M. & Gilbert, W. Proc nam. Acad, Sci. U. S.A. 


ad of hea 36. Martinez, H M., Bock, SSA, & Katzung, B. DP 





al position of 
There are ` 
two possible-splicing sites, one that includes an alanine (GCA) 

in the signal peptide (Fig. 4), and another that excludes this - 
alanine and splices directly to glycine (GGG) at amino acid . 
position ~19. The former preserves the greatest complemen- © 
tarity with rat UI RNA (60% compared with 40%). Two 
separate rPRL cDNAs sequenced from oestrogen-stimulated 
rats contained the alanine codon’*”*, while a third PRL cDNA 
clone isolated from rat pituitaries maximally stimulated by 
oestrogen injections plus hypothalmic ablation did not contain 
this codon’. The identification of both mRNA species is con- 
sistent with the prediction of alternative splicing of the single - | 
rPRL gene. No similar situation occurs in the rGH. Whether’ 
the anomalous nature of this splice site relates to a separate 
evolutionary history of exon I in rPRL and rGH remains 
speculative. 

Two regions of dispersed repetitive sequences were present 
in the cloned 20 kbp genomic fragment containing rPRL. Their 
presence and location were determined by Southern blot 
hybridization using **P-labelled total rat DNA as probe (Fig. 
1, lanes 6-9). Results of more detailed mapping localized these _ o 
two repetitive DNA sequences to intron D and to the 3’-flanking .__ 
region (Fig. 2b). These two repetitive regions do not hybridize: 
to each other, or to the repetitive DNA in intron B of rGH. 
There are therefore at least three discrete families of dispersed - 
repetitive elements in the rat genome represented in and around - 
these two related genes. Insertion of these repetitive sequences 
may serve rapidly to expand intron DNA and may limit i interac: 
tion between the two genes, thus facilitating their structural. 
divergence. bic 
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The bones of palaeoanthropology 


METIMES in science a totally new class of 
things becomes a legitimate object of 
> Study, not through having previously been 
undiscovered, but through previously 
mundane items acquiring relevance. 
Recently, palaeontologists and 
archaeologists formed an interest in 
_ natural accumulations of modern broken 
2 bones as an aid to understanding the 


4 Origins and significance of vertebrate fossil 


semblages. The question of what 
pens to animals between death and 
possible fi ossilization has even been blessed 
~ with the status of its own name — 
~taphonomy — although it is little more 
ecessary prior consideration of any 
alaeoecological work. A 
number of fairly discrete centres 
ofi interest have coalesced to con- 
stitute the activity as it is develop- 
ng today, and one of the most 
portant of these relates to Plio- 
ne hominids in sub- 
frica. Amongst scien- 
lived, C.K. Brain stands 
ie pioneer; this impressive 
is a statement of his in- 
ations. 
‘fore the discovery of many 
hominids in eastern Africa 
iost of the evidence for human 
evolution came from a few caves 
1 the far south. The hominids 
i and associated bone accumula- 
= tions became controversial, 
-= mainly because Raymond Dart 
plausibly suggested most of the 
bones. were tools and weapons 
fashioned by australopithecines. 
He also claimed evidence of 
iolence, offered not only to 
other species but to other 
_ hominids. This is the aggressive 
view propagated by Robert 
Ardrey, But such ignoble 
-Savagery is no longer in vogue 
and nature’s teeth and claws are 
less red than they were. Beware of 
_ the dogma; could it instead have 
_ been cave carnivores that pro- 
duced the bone remains in 
feeding, or was it really the 
_ hominids that were responsible 
for — as. Philip Tobias put it ~ 
“lion's share’? This is an 
ortant matter relevant to our 
he behaviour of early 
aybe to our feelings 
n nature today. Itis 
is question that The 
e Hunted? is struc- 











Andrew Hill 





The Hunters or the Hunted? An Intro- 
duction to African Cave Taphonomy. By 
C.K. Brain. Pp.365. ISBN 0-226-07089-1. 
(University of Chicago Press: 1981.) 
£24.50, $45.50. 


Brain attempts to provide an answer by 
looking in some detail at a large spectrum 
of contemporary creatures that accumulate 
bones, both in caves and in more open 
situations. Consequently the first part of 
the book is devoted to accounts of the 
extensive observations and the results of 
experiments on the feeding and food 
remains of modern human beings and their 
dogs, and of cave carnivores. such as 
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A stylized impression of the Swartkrans leopard hypothesis, a 
theory which might account for the abundance of hominid remains 
in the Swartkrans cave. An australopithevine is being consumed in a 

_ Celtis tree overhanging a cave, while hyaenas of several species wait 
pope below. (Picture courtesy of C, K. Brain. ) 


ae |. assess the origins of the bone ac- 


leopards and hyaenas, Porcupines are 
curious collectors of bones which are also 
dealt with, as are birds such as eagles and 
owls which contribute quantities of small 
vertebrate material to cave sediments. In 
addition there is a discussion of the 
middens of later prehistoric human cave 
dwellers in southern Africa. A number of 
aspects of the accumulations are investi- 
gated, such as the various kinds of bone 
breakage produced by these different 
factors, the size and numbers of the prey, 
and the proportional representation of 
different skeletal parts in the collections, — 
Based upon such features as these Brain 
successfully establishes criteria for 
distinguishing. between most of 
the collecting agencies, 
Next follows an incidental bi 
most useful summary of informa- — 
tion about all fossil animal 

| species from the Sterkfontein | 
- Valley. caves. The last section 
aed each of these cave systems 

| turn Sterkfontein: f 
Te Swirtkrins ‘and Kromdraai == 
| and within them each strati- 
= graphic member, in order to 

















| cumulations. In this the com- 
| parative information presentei 

in Part One is employed. An ex 

tremely valuable element is: 
| complete taxonomic listing of all ‘ 
the fossil vertebrate specimens. 
from the deposits, and there is an 








discovery and subsequent work 
at the sites. Notes are also pro- 
vided on the other South African 
australopithecine caves —~ 
Taungs and Makapansgat — that 
Brain has not studied in such 
detail. All of this is thoroughly 
documented, supported by an 
appendix of 121 tables, and there 
are many illustrations including 
some unfortunately rather murky 
photographs. 

New branches of activity in 
natural science have a tendency 
to reach their anecdotage before 
maturity. Is this a necessary stage 
of development, or an avoidable 
fault? It is certainly a feature of 
the first part of the book, where 
although many of the accounts. 

add greatly to the interest, they 
also seem to overload the argu- 
ment with trivial facts that add. 
nothing substantial or lead- 
| nowhere. The data — like 


















historical description of theo 






















- scientific scavengers. It would be useful for 
-some of these to be of a more statistical in- 
< clination. There are, admittedly, 
methodological difficulties with the 
analysis of the kind of numerical informa- 
tion that Brain has collected: conventional 
Statistical manipulations are always possi- 
ble, but it is not always clear that the 
answers mean much in palaeoecological 
terms. Certainly his tentative approach, 
drawing essentially qualitative and specific 
_ conclusions through closely argued reason- 
ing, yet presenting the original numerical 
data in full detail, is better than making 
more suspicious assertions based on opera- 
tions only superficially possessing greater 
mathematical rigour. However, a statis- 
tical attack on the problem might be 
beneficial, for I feel that the data contain 
more information than the author has at 
present extracted from them; not that his 


conclusions are slight. 


. Brain’s meticulous reappraisal seems 
conclusively to show little evidence of early 
hominids flailing at each other and at other 
animals with bone clubs or other weapons. 
Most of the assemblages are postulated to 
be the product of hyaenas and large felids 
such as leopards and the extinct Dinofelis 
~ that controlled the caves, probably a result 
of opportunistic predation at hominid 
sleeping sites. But between Sterkfontein 
‘Members 4 and 5 came a change, cor- 
responding to that crucial step in human 
-evolution when man put the cat out for the 
. first time. The later bone collection has an 
exclusively human character, showing that 
-we had at last attained some dominance 


Journals’ review issue 1982 


On October 7th Nature will publish a second 
l review supplement devoted to science 
| journals. Last year’s supplement, covering 
journals first published between January 
| 1978 and May 1980, appeared in Nature 293, 
i 341-369; see p.343 of that issue for details. 
Criteria for inclusion of a journal in the 
| 1982 issue are that: 
of 


@ the first number appeared, or the 
journal was re-titled, between June 
1980 and May 1981; 

© itis published at least three times a 
year; 

© the main language used is English. 


$ Broadiy, periodicals of professional 
>p interest to scientists will be considered for 
preview, with the exception of abstracts’ 
oh journals, 

<: In addition it is hoped to cover publicly 
“available newsletters, first published 
; between January 1978 and May 1981, in that 
Se issue. 

Publishers aad societies are invited to 
submit four sample issues. of periodicals — 
-| Satisfying the above criteria, including the 
| first and most recent numbers, to the Review 

Editor, Nature, 4 Little Essex St, London 
WC2R 3LF, England (London 836 6633 : 
‘ext 2570) as soon as possible. | 





rich resource for the depredations of other 


| promise o: 


hominids ı relied heavily: ‘apon “scavenging n Ane 
before increasing intelligence and the 


beginning of technology permitted. the 
greater development of hunting abilities. 

It is gratifying to see these very early 
hominids regarded as animals on their own 
terms, as species which are extinct and, no 
doubt, ones which had their own ap- 
propriate mode of life and behaviours. 
Identifying them too simply with models 
founded either on modern technologically 
undeveloped peoples or on modern 
pongids sometimes masks this fact, and it 
can be avoided by dealing with the matter 
from a more fundamental ecological basis, 
as Brain does here. 

The Hunters or the Hunted? is a very im- 
portant book for palaeoanthropology. It 
presents the first thorough analysis of the 
Sterkfontein Valley assemblages, con- 
tributes significantly to the resolution of 
lingering controversies and, by placing the 


ore sophisticated ques- 
e asked not only of the South 
African material but of similar as- 
semblages elsewhere. Another con- | 
tribution is that it reinforces the recent 4 
change in feelings as to what constitutes 
data, for the value of looking at fossil and 








contemporary bones as closely as this is 


clear. Brain urges the necessity of re- 
covering fossils with a high regard for sub- 
tle detail. I hope that excavators of any 
vertebrate fossil site will be persuaded to 
follow his advice and pay more attention to. 
these features of bone accumulations that 
have been previously neglected; for 
taphonomy can be a powerful tool in 
elucidating the problems of fossil 
assemblages, especially when handled with 
the care and caution that Brain brings to a 
the sublet G 
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Structure i in (and of) the neurosciences 


Margaret Boden 





Meaning and Purpose in the Intact Brain: 
A Philosophical, Psychological, and 
Biological Account of Conscious 
Processes. By Robert Miller. Pp.239. ISBN 
0-19-857579-3. (Clarendon/Oxford 
University Press: 1982. ) £20, $34.50. 


ROBERT Miller. is a neuroscientist 
dissatisfied with neuroscience. It has not 
produced a general 
consciousness, nor does it regard questions 
about consciousness, purpose, meaning, 
understanding or cognition as central. It 
has contributed little to our understanding 
of the behaviour of the whole organism, 
the overall patterns and strategies of living. 
Instead of “it” one should perhaps. put 
“they”, for there are a bewilderingly 
diverse and narrowly specialized set of 
neurosciences. In general, neuroscientists 
ignore psychology and deliberately eschew 
philosophical speculation. 

One cannot but agree with Miller’s 
criticisms of neuroscience. One may even 
applaud his aim of synthesizing brain 
research, psychology and philosophy in the 
search for a theory of consciousness. 
Nevertheless, despite its laudable 
intentions, this book is a failure. Itdoes not 
help us progress significantly towards a 
theoretical understanding of meaning, 
purpose, cognition or consciousness. 

This failure is grounded in Miller’s 
reliance on an outmoded method of 
argument, and — ironically, given his 
critique of professional specialism — in his 





_ ignoring: recent concepts and forms of 
i which. offer much greater 
ringing neuroscience closer to _ (Bas 





theory of 


and. ; Artifi icial a 





psychology (and philosophy). 
Characteristically, Miller argues from 
structure to function or vice versa. So he 
gives an account of consciousness in terms ~~ 
of ‘“‘omniconnected networks’’, sets of- 
neurones showing synaptic plasticity and. .- 
influenced by transmitter substances of. 
various kinds. Doubtless such networks are -< 
involved. But, as computer science ha: 
helped to show, the notion that specific 
cognitive functions can be attributed t 
specific cerebral mechanisms on structura 
grounds alone is mistaken. P 
Moreover, computational models of = 
psychological processes provide concepts „n 
better suited to express specific cognitive: ” 
functions than the vague psychological 
terminology used by Miller. Marr’s 
physiologically-informed work on the 
visual system, for instance, is nowhere | 
mentioned (though his earlier work onthe 
neocortex is cited), Marr argued that 
neuroscientists will need to specify the _ 
computational tasks that the brain must (or — 
might) be performing, before discovering 
which physiological mechanisms are 
performing them. Whether or not one 
regards this claim.as overly sweeping, it is 
effecting radical changes in our view of 
physiological psychology. Miller’s book is 
gravely flawed by its failure to consider the 
usefulness of computational ideas in| 
neuroscience. = 





















Margaret Boden i is Professor of Philosophy and bee 
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on. Pp.404, ISBN O- 12-499050.9. 
cademic: 1982.) £23.60, $48.50. 









WITH Mineral Deposits and Global 
Tectonic Settings, Mitchell and Garson are 
‘to be congratulated on providing us with a 
_ most impressive piece of scholarship. The 
interrelationships between tectonics and 
mineral resources have attracted increasing 
attention from earth scientists during the 
oS past decade, and their book represents by 
_ far the most competent and complete 
| analysis of the subject which has emerged 




































rith conimendable thoroughness the 
t thors deal successively with hotspot and 
ng environments, passive margins and 
continental ‘Margins, oceanic settings, 
subd ‘environments and collision 
and finally transform faults, both 
ms of their geology and their 
associated mineral deposits. The subject is 
approached in a no-frills, workmanlike 
Style and few stones are left unturned, 
pecially with respect to discussion of the 

Ss geological sub-environments 
€ major types of plate boundary 
The 164 illustrations that 
ny the text are, in the main, well 
and illuminating, and the 
graphy is not only extensive, but 
sts mainly of papers published within 
-past decade. The treatment is truly 
orld-wide in scope, although the number 
of examples of geological terrains and 
mineral deposits taken from Communist- 
bloc countries is pee er rather 





ume The great adka | inherent in 

an undertaking i is the achievement of 
ince, _ presumably guided, at least in 
ea by economic significance. Here the 
thors’ greater experience in Africa and 
the Far East, as opposed to the Cordillera 
of North and South America, is dis- 
-< cẹrnible- For example, considerable 
-emphasis is placed on alkaline complexes 
- vand ophiolites, and important Cordilleran 
_ deposits such as polymetallic skarns and 
- epithermal precious metal deposits are 
given short shrift. Porphyry copper 
___ deposits are also dealt with in surprisingly 

_ few pages considering their pre-eminent 
onomic importance and well-defined 
ectonic setting. Also, although tonnage 
id grade figures are given for some major 
ts, the distinction between mere 
rences, small deposits and 
ies is not at all clear in many 

























wever, represents manda- 








will be a valuable resource to those 
concerned with any aspect of earth 
resources, tectonics or, for that matter, the 
regional geology of our planet. a 





Frederick J. Sawkins is a Professor in the 
Department of Geology and Geophysics at the 
University of Minnesota. 


Plants in the sea 
G.E. Fogg 


Marine Botany. By Clinton J. Dawes. 
Pp.628. ISBN 0-471-07844-1. (Wiley: 
1981.) £33.50, $59.85. The Biology of 
Seaweeds. Edited by Christopher S. 
Lobban and Michael J. Wynne. Pp.786. 
UK ISBN 0-632-00672-2; US ISBN 0-520- 
04585-8. (Blackwell Scientific/University 
of California Press: 1982.) £45, $85. 








THE plants of the sea are phylogenetically 
very different from their terrestrial 
counterparts, and in open waters com- 
petitive advantage is with the small rather 
than with the large and complex as on land. 
Such differences justify treating marine 
botany as a distinct discipline but the task 
of surveying the whole field, including the 
taxonomy, life histories, biochemistry, 


physiology and ecology of marine plants, 
has not often been attempted. However, 


with the growth of our knowledge of the 
sea and the extension of our ability to see 
and handle marine plants in situ provided 
by SCUBA diving techniques, it is 
becoming easier to shed preconceived ideas 
derived from land-based botany and 
discern general principles. 

Marine Botany is sucha survey, designed 
chiefly for the undergraduate student. The 
author has set out to cover physiology and 
biochemistry, as well as taxonomic and 
ecological aspects, but the treatment is 
mainly descriptive. Thus a conventional 
account of the various groups of marine 
algae, of a sort which is available in many 
other texts, takes up almost half the book. 
The space left for other topics is not always 
used to best advantage — a picture of an 
oxygen meter is not very informative. The 
single chapter on plankton says nothing of 
one of its most fascinating aspects — the 
interplay of buoyancy control and ex- 
ploitation of water movements which enables 
this type of organism to live a precarious 
existence between the darkness of the depths 
and nutrient starvation at the surface. 

Rather better are the chapters on sea- 
grass communities, mangrove swamps and 
coral reefs, which give accounts of 
communities not often featured in 
botanical texts, and that on economic 





tion is an up-to-date summary. — 





bacteria and these, too, con ain mi 
which is not readily available elsewhere. A: 
feature of the book is that details of 
chemical and other techniques and keys for ` 
identification for some groups as far as 
order or genus are given. The author has” 
written a book which will be useful as an 
introduction, but has rather missed the 
opportunity to display the beautiful 
adaptations in form and function of plants 
to the marine environment. 

The Biology of Seaweeds, amulti-author 
work, is more limited in scope and much 
more advanced in treatment. It is 
organized in four sections — on structure 
and reproduction, ecology, physiology and 
biochemistry, and seaweeds as resources. 
The first of these summarizes recent 
advances in our knowledge of red, brown 
and green algae. For those already 
bemused by the intricacies of the life-cycles ` 
of red seaweeds these chapters will not - 
help; but that physiologists, biochemists 
and ecologists must take account of sùch 
things is shown in an excellent account of- 
polysaccharides — in which alternation of 
generations at the biochemical level is 
described — by the well-supported 
suggestion that having alternate life-forms 
better adapts a seaweed to environmental 
stress, and by casual observations such as 
that the crustose phase of Scytosiphon 
lomentaria is less palatable to the snail 
Littorina littorea than is the foliose plant. - 

Better understanding of life-cycles has 
arisen largely from increasing use of- 
laboratory cultures, and cultures are also- 
being used extensively in studies on. 
nutrient uptake, morphogenesis, growth - 
regulators and other biochemical and 
physiological aspects, while trans- 
plantation and other in situ manipulations 
are now standard techniques for the field 
ecologist. Paralleling this is the 
development of methods in mariculture to- 
meet the growing demand for seaweed 
products in industry. Chapters on. 
geographical distribution, populations, — 
various aspects of seaweed photosynthesis, 
translocation, chemical constituents and 
sexuality are all authoritative and thought- 
provoking. A statement that a water 
movement of 14 m sec? exerts a stress 
equivalent to that of a gale of 890 miles per = 
hour on land makes one wish that morehad - 
been said about the mechanical properties __ 
of seaweeds, in particular their relation tò 
the molecular architecture of the cell wall. =- 

However, the study of seaweeds is > 
expanding too rapidly for any survey to be 
comprehensive. Apart from the pro- 
ceedings of the ten international seaweed 
symposia which have now been held, this > 
book is the first major work to bring | 
together knowledge of the various aspects 
of these marine plants under one cover. Itis — 
an important sea-mark in marine botai 
that will soon be left astern. 




















































































































































John i Ponta. 





The Prokaryotes: A Handbook on 
Habitats, Isolation, and Identification of 
Bacteria. Edited by Mortimer P. Starr etal. 
Two parts, pp.2,596, ISBN 3-540-08871-7. 
(Springer-Verlag: 1982.) DM 880, $410. 


To po this magnificent work justice would 
require a team of reviewers almost as 
numerous as its 182 contributors. For it is 
nothing less than a comprehensive 
handbook of bacteriology: a detailed and 
up-to-date guide to the isolation, culti- 
vation and identification of almost all the 
known bacteria. 

The two volumes are divided into 23 
sections (A-W inclusive), each of which 
comprises between 2 and 18 chapters. 
Section A consists of 6 introductory essays, 
the first of which is an excellent account of 
prokaryotic diversity which contrives to be 
highly informative as well as entertaining 
— see Table 13, for example. The other 
essays. cover habitats, including diseased 
an and animals, as well as plants; 
principles of isolation, cultivation and con- 
servation; and. principles" of characteriz- 
ation and identification. I found each of 
them thorough and informative; they pro- 
_ vide an excellent Hors d'oeuvre to the sub- 
-sequent 22 courses. 

_ I shail not have space to review those in 
any depth, so I shall indicate the pattern of 
the books by describing Section B, which 
deals. with the phototrophic bacteria. It 
consists of 12 chapters. After a general 
introduction presenting their physiology 
and anatomy, come highly practical 
hapters on the isolation of cyanobacteria 
rom normal and saline environments. A 
ontribution on the habitats, isolation and 
haracterization of vacuolate cyano- 
bacteria is followed by one of broadly 
“similar pattern on thermophilic cyano- 
: bacteria. Next is a more taxonomic con- 
tribution on the genera of cyanobacteria. 
The prochlorophytes are then briefly dealt 
with, preceding a short account of the iso- 
lation and cultivation of rhodospirilla. The 
genus Ectothiorhodospira gets its own 
«chapter, followed by the chromatia and 
chlorobia; these two chapters collectively 
_. cover the phototrophic sulphur bacteria. 
= The isolation of the photosynthetic flexi- 
bacteria is discussed next, and the section is 
-concluded by a key to the classification of 
the non-oxygenic phototrophs. As this 
description indicates, the phototrophic 
` bacteria are dealt with very thoroughly and 
the emphasis is generally highly practical: 
=- onmedia, culture, enrichment, storage and 
soon, | 
_ This pattern, a general essay introducing 
the detailed articles, is more or less 
followed in each section throughout the 
book. Section C is on the gliding bacteria, 
and D — the shortest, containing two 

















vacuolate bacteria. Section E covers 


chapters — deals with some sheathed and 





budding and appendaged bacteria; F, the 
spirochaetes; G, some helical and curved 
bacteria; H, the pseudomonads; I, the 
diazotrophs with Agrobacterium and 
Alcaligenes thrown in. Section J is a rag- 
bag of mixed chemotrophs (sulphate 
reducers, methylotrophs, methanogens, 
halobacteria and so on), the least logical 
but nevertheless a most useful section. 
Section K covers obligate chemotrophs, 
bringing us to the end of what might 
broadly be called ‘‘environmental”’ 
bacteria. 

It is a pity that Section L, the last. in 
Vol.1, covering medically important 
Gram-negative rods (Brucella, Legionella 
and so on), was not transferred to the 
second volume but I suppose binding 
problems would have arisen. Volume 2 
itself covers inter alia most of the medically 
important bacteria, as well as rumen and 
spoilage organisms. Section M is on enter- 
obacteria and vibrios; N, various 
facultative rods; O, anaerobic rods; P and 
Q, cocci; R and S, spore formers. Section 
T, on coryneforms, leads logically to 
Section U on actinomycetes. Finally, 
Section V deals with the obligate symbionts 
and W with the wall-deficient bacteria. 

I found it impracticable to go through all 
169 chapters in detail but I have read care- 
fully about 20 that 1 know something about 


Ubiquitous gels 
E.G. Richards 


Electrophoresis: Theory, Techniques, and 
Biochemical and Clinical Applications. By 
Anthony T. Andrews. Pp.336. ISBN 
0-19-854626-2. (Clarendon/Oxford 
University Press: 1982.) £25, $59. 


Dr Andrews remarks in his preface to this 
volume that well over half of all research 
papers in biochemistry involve electro- 
phoresis. This impressive statistic calls for 
comment. Books with similar titles pub- 
lished 30 years ago: would be mainly about 
free boundary electrophoresis à la Tiselius, 
a technique requiring complicated and 
expensive equipment; in contrast the 
present book is predominantly about zonal 
electrophoresis in polyacrylamide gels. For 
this the equipment is simple and cheap; the 
method is easy to master and no great 
sophistication is required to interpret the 
results. Anybody can do it, and, as the 
literature suggests, does. 

Gels, polyacrylamide, starch or agarose 


provide the most favoured media for. zonal — -isoti 
electrophoresis with polyacrylamide well an 
ahead of the field. It is 23 years since y 
Raymond and Weintraub introduced the 
7 | paar ane thus strange | that th 











the writing one ‘the gins liformation 


content. The authors are leading experts in 
their particular fields and their names, too -< 





many to list, will be familiar to all micro- 
biologists. Some of the arrangement is idio- 
syncratic, however, and some of the classi- 
fications are inconsistent with the eighth 
edition of Bergey’s Manual (Williams & 
Wilkins, 1974), usually for good reasons. 
No handbook of this kind can be perfect: I. ` 
combed Section C (gliding bacteria) fora. 
cross-reference to Desulfonema, which 
rightly appears among sulphate-reducing 
bacteria, although it glides. It is also a pity 
that all the colour pictures are clustered at 
the front of Vol.1. 

A major concern to most potential % 
customers will be the overlap with Bergey’s - 
Manual. Certainly, The Prokaryotes 
covers much of the information available 
in the eighth edition of Bergey butitisafar 

more ambitious and up-to-date work: itis = 
not simply a determinative system, buta __ 
real laboratory handbook for microbio- — 
logists. I recommend it strongly to any 
microbiological library; it is an invaluable 
guide and reference work which ought to 
be readily available to every working — 
microbiologist. i TN 
















John Posteate. is. Professor of Microbiology at 


the University of Sussex and Director of the > 


Agricultural Research Council’s 
a E Fixation. - a 
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clear picture of hes structure of such gels or fos 
how they exert their sieving effect in the — 
electrophoretic. process. Such understand- 
ing as we have is empirical. A consequence 

is that the technique still resembles more an 
art than a science. Recipes, with which the 
book abounds, are handed down from 
generation to generation of research à 
students, and anomalies and artifacts, 
many of which Dr Andrews discusses, are 
there to dishearten the novice and mystify 
the expert. 

Such theory that there is is adequately- 
displayed, albeit occasionally a little 
shakily, and it is a minor criticism that itis 
developed in parallel for proteins and for 
nucleic acids. This leads to both repetition _ 
and a failure to indicate how lessons learnt _ 
from one class of macromolecules are rele- 
vant to the other, 

Thus the major thrust is practical. Dr 
Andrews is to be congratulated on pro- 
viding under one cover, succinct, clear and — 
practical descriptions of electrophoresis in ; 
polyacrylamide and other media in most of — 
the t usual variations, as idee as ol related oe 











o ime 


Lecturer at the © 
ine! s. ee 





Biological $ Sciences 


Ww. D. Heparin (and Related Polysaccharides). Polymer Monographs, 
4. ISBN 0-677-05040-2. (Gordon & Breach: 1981.) $55.95. 
ONRAT-FRAENKEL, H. and KIMBALL, P. C. Virology. Pp.406. ISBN 
42144-0. (Prentice-Hall: 1982.) $32.95, 
COOPER, S. J. (ed.). Theory in Psychopharmacology, Vol. 1. Pp.338. ISBN 
G+ 12-18800-1. (Academic: 1981.) £19.20, $39.50. 
< DALE, J. E. The Growth of Leaves. Studies in Biology, 137. Pp.57. ISBN 
0-713 1-2836-4. (Edward Arnold: 1982.) £2.25. 
<o EISLER, R. Trace Metal Concentrations in Marine Organisms. Pp.685. ISBN 
0-08-025975-8. (Pergamon: 1981.) $120, 
=- FELDBERG, W. S. Fifty Years On: Looking Back on Some Developments in 
Neurohumoral Physiology. Pp.106. ISBN 0-85323-364-0. (Liverpool University 
Press: 1982.) £6.25. 
“GALLAGHER, R. H. et al. (eds). Finite Elements in Biomechanics. Pp.401. 


Co ISBN 0-471-09996-1., (J. Wiley & Sons: 1982.) £21, $49.50. 


oo GUTHRIE, W. and FAWKES, R. A Colour Atlas of Surgical Pathology. Pp.220. 
ISBN 0-7234-0759-2, (Wolfe Medical: 1982.) £35. 

HALL, J.C., GREENSPAN, R.J. and HARRIS, W.A. Genetic Neurobiology. 

= p.284, ISBN 0-262-08111 -3. (MIT Press: 1982.) $29.95. 

HAWK, G.L. (ed.). Biological/Biomedical Applications of Liquid 

Chromatography HI. Chromatographic Science, Vol.18. Pp.440. ISBN 
247-1297-8, (Marcel Dekker: 1981.) SwFr. 148. 

TAY, J.G. and REID, J.G. The Anatomical and Mechanical Bases of Human 

pd ISBN 0-13-035139-3. (Prentice-Hall: 1982.) £14.95, 
M: + Fixation for Electron Microscopy. Pp.$01. ISBN 0-12-333920-0. 


CM. K, WALLACE, B. and PRANCE, G. T. (eds). Evolutionary 
ilo: 1. 14, Pp. 437. ISBN 0-306-40775-2. (Plenum: 1982.) $39.50. 
HELENE, C. et al. (eds). Trends in Photobiology. Proc. of the 8th International 
‘ongress on Photobiology and of the Colloque International du CNRS held 
uly 1980, Strasbourg, France. Pp.673. ISBN 0-306-40644-6. (Plenum: 1982.) $35. 

HENLE, W. et al, (eds). Current Topics in Microbiology and Immunology, Vol. 
94/95. Pp.308. ISBN 3-540-10803-3; (Springer-Verlag: 1981.) DM 132, $61.50. 
W. et al. (eds). Current Topics in Microbiology and Immunology, 
< ISBN. 3-540-11118-2; (Springer-Verlag: 1982.) DM 94. $43.80. 
i. (ed.). Microvascular Aspects of Spontaneous Hypertension. 
3-456-81135-7. (Hans Huber: 1982.) SwFr.53, DMS58. 
d FORSSMANN, ‘W.-G, (eds). Techniques in Neuroanatomical 
1.395. ISBN 3-540-10686-3. (Springer-Verlag; 1981.) DM 118, $53. 
> SIMON, G, and ZITTOUN, R. (coordinateurs). Progrés en 
itologie, 2. Décembre 1981. Les- Lymphomes Malins Non Hodgkiniens. 
66. Pbk ISBN 2-7040- 0406- . (Do Éditeurs, Paris: 1981. ) Pbk np. 
ZE : ersion of Enzymes, 1980. International 
a itisee Conference, October 1980. Pp. 212: 15BN 3-540-10979-X.. (Springer-Verlag: 
1981.) DM 129, $60.10. — 


- HOOK; E.B. and PORTER, L H. (eds); Population and Biological Aspects of 
55440-3. 


“Human Mutation. Pp.435. ISBN 0-12-35 440-3. (Academic: 1981.) $34.50. 
` HOPPENSTEADT, F. Ma ‘al Methods of Population Biology. 
‘Cambridge Studies in Mathematica Biology, 4, Pp.149. Hbk ISBN 0-521-23846-3; 
pbk ISBN 0-521-28256-X. (Cambri hiversity Press: 1982.) Hbk £15; £6.50. 
HORECKER, B.L. and ST. ADTMAN, E.R. (eds). Current Topics in Cellular 
‘Regulation, Vol.20 — 1981. Pp. 317, ISBN 0-12-152820-0. (Academic: 1981.) $39. 
~HRABA, T. and HASEK, M. (eds). Cellular and Molecular Mechanisms of 
Immunologic Tolerance. Pp.600.. ISBN 0-8247-1552-7. (Marcel Dekker: 1981. ) 
SwFr..178. 
ILMAVIRTA; V., JONES, R.I. and PERSSON, P.-E. (eds). Lakes and Water 
lagement. Developments in Hydrobiology, 7. Proceedings of the 30 Years 
Jubilee Symposium of the Finnish Limnological Society, held in Helsinki, Finland, 
ae September 1980. Pp.222. ISBN 90-6193-758-2. (W. Junk, The Hague: 1982.) 
=o DAL25, $54.50: 
“INGLE, D.J., GOODALE, M.A. and MANSFIELD, R.J.W. (eds). Analysis of 
‘Visual Behavior. Pp.434. ISBN.0-262-09022-8. (MIT Press: 1982.) $75. 
JAKOBY, W.B. (ed.). Methods in Enzymology. Vol.77, Detoxication and Drug 


p — Metabolism: Conjugation and Related Systems. Pp.476. ISBN 0-12-181977-9. 
oi (Academic: 1981.) $45, 


oo J BCHT, E W. and ZEITLER, E. (eds). Varicocele and Male Infertility. Recent 
7} Advances i in Diagnosis and Therapy. Pp.211. ISBN 3-540-10727-4/0-387-10727-4 


(Springer-Verlag: 1982.) DM88, $45.70. 


-C KIRPICHNIKOV, V.S. Genetic Bases of Fish Selection. Translated from the 
ae Russian by G.G. Gause. Pp.410. ISBN 3-540-10911-0. (Springer-Verlag: 1981.) 
Be DM 98, $45.70. 
KRIEGER, D.T. Cushing’s Synodrome, Vol.22. Pp.142. ISBN 3-540-10811-4/ 
37-1081 1-4. (Springer-Verlag: 1982.) DM88, $41. 
AIDLER, E. Otters in Britain. Pp.200. ISBN 0-7153-8069-9. (David & Charles: 


NGER, RH. M. and HILL, G. D. Agricultural Plants. Pp.310. Hbk ISBN 
; pbk ISBN 0-521-29506-8. (Cambridge University Press: 1982.) Hbk 


G. Pod NIELSEN, C. Recent and Fossil Bryozoa. Papers 
5th International Conference, Durham 1980. Pp:334, Pbk ISBN 
sen & Olsen, Fredensborg, Denmark: 1981.) Pbk $55. 

ALEN, J TW; T 1982, Vol. 2. 


LEWIS, D. H. (ed.). Induced Skeletal Muscle Ischemia in Man. Symposium held 
November 6-7, 1980, Linkoping. Pp.180. ISBN 3-8055-3427-2. (Karger, Basel: 
1982.) SwFr.115, DM138, $69. a 

LOTE, C. J. Principles of Renal Physiology. Pp.179. Hbk ISBN 0-7099-0078. 3; 
pbk ISBN 0-0799-0079-1. (Croom Helm: 1982.) Hbk £12.95; pbk £6.95. 

THE MACDONALD ENCYCLOPEDIA OF TREES. Pp.300. Pbk ISBN 
0-356-08574-0. (Macdonald, London: 1982.} Pbk £4.95, 

MARAMOROSCH, K. and RAYCHAUDHURI, S.P. (eds). Mycoplasma 
Diseases of Trees and Shrubs. Pp.362. ISBN 0-12-470220-1. (Academic: 1981.) 
$29.50, 

MAYERSDORF, A. and SCHMIDT, R.P. (eds). Secondary Epileptogenesis, 
Pp.188, ISBN 0-89004-578-X. (Raven: 1982.) $21. oy 

MENACHE, D., SURGENOR, D. MacN. and ANDERSON, H.D. (eds). - 
Hemophilia and Hemostatis. American Red Cross 13th Annual Scientific 
Symposium, Washington, DC, May 1981. Progress in Clinical and Biological © 
Research, Vol.72. Pp.282. ISBN 0-8451-0072-9. (Alan R. Liss, New York: 1981.) — 
£20.50, DM 90. 

MERRELL, D.J. Ecological Genetics. Pp.300. ISBN 0-582-46349-1. (Longman: 
1982.) £15, 


MITCHELL, A. and WILKINSON, J. The Trees of Britain and Europe, Pp.264.° - 


Hbk ISBN 0-00-219037-0; pbk ISBN 0-00-219035-4, (Collins: 1982.) Hbk £6.95; pbk 
£3.95. 
MOYLE, P.B. and CECH, J.J. Jr. Fishes: An introduction to Ichthyology. 


Pp.293. ISBN 0-13-319723-9. (Prentice-Hall: 1982.) $29.95. . 
MYANT, M.B. The Biology of Cholesterol and Related Steroids. Pp.910. ISBN 
0-433-22880-6. (Heinemann, London: 1981.) £45, a 
NATORI, S., IKEKAWA, N. and SUZUKI, M. (eds). Advances. in Natural 
Products Chemistry. Extraction and Isolation of Biologically Active Compounds. z 
Pp.599. ISBN 0-470-27245-7. (Wiley: 1981.) £66, $120. | 

NESTER, E.W. etal. The Microbial Perspective. Pp.730. ISBN 0-03-047041-2, : 
(Saunders College Publishing: 1982.) Np. 

NOBILE, S. and WOODHILL, J.M. Vitamin C. The Mysterious Redox-System 
A Trigger of Life? Pp.185. ISBN 0-85200-419-2. (MTP Press, Lancaster: 1981.) 
£11.95. 

ODDIE, B. Bill Oddie’s Little Black Bird Book. Pp. 148. Pbk ISBN 0-413-49480-2. ` 
(Methuen: 1982.) Pbk £1.50. | 

ORR, R.T. Vertebrate Biology. Sth Edn. Pp.568, ISBN 0-03-057959-7, (Saunders: - 
1982.) Np. 

ORTNER, D.J. and PUTSCHAR, G.J. Identification of Pathological. _ 
Conditions in Human Skeletal Remains. Smithsonian Contributions to a 
Anthropology, No.28. Pp.479. (no ISBN). (Smithsonian institution: 1981.) Pbk np. 

PARKER, T.A. HI, ALLEN PARKER, S. and PLENGE, M.A. An Annotated 
Checklist of Peruvian Birds, Pp.104. ISBN 6-931130-07-7. (Buteo: 1982. ) $15. 

PATTERSON, B. and WOOD, A.E. Rodents from the Deseadan Oligocene of 
Bolivia and the Relationships of the Caviomorpha. Bulletin of the Museum of © 
Comparative Zoology, Vol.149: No.7, 12 January 1982. Pp.!72. Pbk ISBN- 
0027-4100. (Harvard University: 1982.) Pbk $3.25. 

PENNY, N.D, and ARIAS, J.R. Insects of an Amazon Forest. Pp.269. ISBN 
0-231-05266-9. (Columbia University Press: 1982.) $48.75, : 

PESTKA, S, (ed.). Methods in Enzymology. Vol. 79. Interferons, Pt B. Pp.677, | 
ISBN 0-12-181979-5, (Academic: 1981.) $59. S 

PICK, E. (ed.). Lymphokines. A Forum for immunoregulatory Cell Products, ` 
Vol. 3. Pp.450. ISBN 0-12-432003-1. (Academic: 1981. ) Np. ‘ 

PODESTA, R. B. (ed.). Membrane Physiology of Invertebrates. Pp.664. ISBN 2 
0-8247-1503-9, (Marcel Dekker: 1982.) Np. ae 

POISSONET, P. eral, (eds). Vegetation Dynamics in Grasslands, Heathlands and 
Mediterranean Ligneous Formations. Advances in Vegetation Science, 4. 
Symposium of the Working Groups for Succession Research on Permanent Plots, 
and Data-processing in Phytosociology held at Montpellier, France, September 
1980. Pp.286. ISBN 90-6193-636-5. (W. Junk, The Hague: 1982.) Dfi.195, $85. 

POMEROY, L.R. and WIEGERT, R.G. {eds). The Ecology of a Salt Marsh. 
Ecological Studies — Analysis and Synthesis, Vol.38. Pp.271. ISBN 3-540-90555-3. 
(Springer-Verlag: 1981.) DM 69, $32.20. 

RANSOM, R. {ed.). A Handbook of Drosophila Development. Pp.289. Hbk 
ISBN 0-444-80366-1; pbk ISBN 0-444-80418-8. (Elsevier: 1982.) Hbk Dfl.250, $116: 
pbk Df1.100, $46. 

RATTAZZI, M.C., SCANDALIOS, J.G. and WHITE, G.S. (eds). Isozymes. = 
Current Topics in Biological and Medical Research, Vol.§. Pp.240. ISBN 
0-845 1-0254-0. (Alan R. Liss, New York: £981.) £24.60, DM 108. 

RAY, D.S. (ed.) The Initiation of DNA Replication. ICN-UCLA Symposia on | 
Molecular and Cellular Biology, Vol.22, 1981. Proceedings of the 1981 ICN 


UCLA Symposia held at Salt Lake City, Utah, March, 1981. Pp.628. ISBN F 


0-12-583580-9. (Academic: 1981.) $53. 

RISSER, P.G. et al. The True Prairie Ecosystem. Pp.$57. ISBN 0-87933- 361-8. 
(Academic: 1981.) $31.50, 

ROLLAND, R. etal. (eds). Follicular Maturation and Ovulation. Proceedings of 
the 4th Reinier de Graaf Symposium, August 20-22, 1981, Nijmegen. Pp.432. ISBN 
90-219-0505-1 /0-444-9023 1-7. (Excerpta Medica/Elsevier: 1982.) Df1.195, $90.75. 

RUBIN, R.H. and YOUNG, L.S. (eds). Clinical Approach to Infection in the : 
Compromised Host. Pp.653. ISBN 0-306-40679-9. (Plenum: 1981.) $59.50. > 

RUTHERFORD, G.K. {ed.). The Physical Environment of the Faeroe islands. 
Monographiae Biologicae, Vol.46. Pp.147. ISBN 90-6193-099-5, (W. Junk, The 
Hague: 1982.) Df1.95, $39.50, 

SANDERS, G. L. et al. (eds). Pulmonary Toxicology of Respirab} “Partic 
Proc. of the 19th Annual Hanford Life Sciences ber; 


Richland. Fpi oe ISBN N 0-87079-121: 














La Paz, Mexico, November 1980. Pp. 518. ISBN 306-40892-9. (Plenum: 1982.) 
365. he 
-. SATO, G. (ed.). Functionally Differentiated Cell Lines. Pp.280. ISBN 
08451-0241- -1. (Alan R. Liss, New York: 1981.) £25 90, DM 114. 
CU SEGRE, D. and SMITH, L. (eds). Immunological Aspects of Aging. immunology 
` Series, Vol. 15. Pp.584. ISBN 0-8247-1349-4. (Marcel Dekker: 1981.) SwFr. 178. 

SILVERSTONE, T. (ed.). Drugs and Appetite. Pp.200. ISBN 0-12-643780-7. 
(Academic: 1982.) £14.20, $29.30. 

SMITH, H. (ed.). Plant and the Daylight Spectrum. Pp.508. ISBN 0-12-650980-8. 
{Academic: 1981.) £22, $45.50. 

SPENCE, A. P. Basic Human Anatomy. 
(Benjamin/Cummings: 1982.) $27.95. 

STAMATOYANNOPOULOS, G. and NIENHUIS, A.W. (eds). Hemoglobins in 
Development and Differentiation. Pp.526. ISBN 0-8451-0213-3. (Alan R. Liss, New 
York: 1981.) Np. 

TU, A. T. (ed.). Survey of Contemporary Toxicology, Vol. 2. Pp.248. ISBN 
0-471-06352-5, (Wiley:'1982.) Np. 

WEXLER, P. Information Resources in Toxicology. Pp.291. 
0-444-00616-8. (Elsevier/North-Holland: 1982.) Np. 

WOOLHOUSE, H. W. (ed.). Advances in Botanical Research, Vol. 9. Pp. 279. 
ISBN 0-12-005909-6. (Academic: 1981.) £24, $49.50. 


Pp.704. ISBN 0-8053-6994-5. 


ISBN 


Applied Biological Sciences 


ANDREOLI, M., MONACO, F. and ROBBINS, J. (eds). Advances in Thyroid 
Neoplasmia 1981. Pp. 363. ISBN 88-7084-000-X. (Acta Medica: 1981.) 110,000. 

BARNETT, H. J. M., HIRSH, J. and FRASER MUSTARD, J. (eds). 
Acetylsalicylic Acid: New Uses for an Old Drug. Pp.288. ISBN 0-89004-647-6, 
(Raven: 1982.) $53.04. 

BLUME, W. T. Atlas of Pediatrics Electroencephalography. Pp.344. ISBN 
0-89004-564-X. (Raven: 1982.) $85. 

~ BOZLER, G. and VAN ROSSUM, J. M. (eds). Pharmacokinetics During GAs 
evelopment: Data Analysis and Evaluation Techniques. Drug Development and 

valuation, Vol.6. Pp.328. ISBN 3-437-10654-6. (Gustav Fischer: 1982.) DM 98. 
` CARPENTER, D. C. (ed.), Cellular Pacemakers. Mechanisms of Pacemaker 
Generation, Vol, 1. Pp.332. ISBN 0-471-06509-9. (Wiley: 1982.) Np. 
-i DE SERRES, F. J. and HOLLAENDER, A. (eds). Chemical Mutagens. 
Principles and Methods for their Detection, Vol. 7. Pp.479. ISBN 0-306-40771- X. 
Plenum: 1982.) $49.50. 

> FIECHTER, A. (ed.). Advances in Biochemical Engineering. Vol. 21, Microbes 

nd Engineering Aspects. Pp.232. ISBN 3-540-11019-4. (Springer-Verlag: 1982. ) 

DM92, $42.90. 
~ GEORGIEVSKII, V.1., ANNANKOV and SAMOKHIN, V.T. Mineral 
Nutrition of Animals, Studies i in the Agricultural and Food Sciences. Pp.475. ISBN 

0-408-10770-7. (Butterworths: 1981.) £45. 
~ HAMMERLING, G. J., HAMMERLING, U, and KEARNEY, J. F. (eds). 
- Monoclonal Antibodies and T-Cell Hybridomas: Perspectives and Technical 
: Advances, Research Monographs in Immunology, Vol. 3. Pp.587. ISBN 
: 0-444-80351-3. (Elsevier Biomedical: 1981.) $99.50, Dfl.234. 

HAY, J. B. (ed.). Animal Models of Immunological Processes. Pp.260. ISBN 

}-12-333520. (Academic: 1982.) £21.20, $43.50. 

HOFSCHNEIDER, P. H. and GOEBEL, W. (eds). Gene Cloning in Organisms 

her Than £. coli, Current Topics in Microbiology and Immunology, Vol.96. 

.264. ISBN 3-540-11117-4. (Springer-Verlag: 1982.) DM92, $42.90. 

HOLLAENDER, A. et al. (eds). Genetic Engineering of Microorganisms for 
Chemicals. Basic Life Sciences, Vol.19. Proceedings of a Symposium held May 1981, 
` at the University of Illinois at Champaign-Urbana. Pp.485. ISBN 0-306-40912-7. 
© (Plenum: 1982.) $55. 

HOSKING, G. An Introduction to Paediatric Neurology. Pp.252. Hbk ISBN 
0-571-11848-8; pbk ISBN 0-571-11849-6. (Faber & Faber, London: 1982.) Hbk 
£11.50; pbk £5.95. 
- >. HSU, J. M. and DAVIS, R. L. (eds). Handbook of Geriatric Nutrition: Principles 
A and Applications for Nutrition and Diet in Aging. Pp.372. ISBN 0-8155-0880-8.. 
E. (Noyes, New Jersey: 1981 .).$39. 
HSU, T. C. (ed.), Cytogenetic Assays of Environmental Mutagens. Pp.412, ISBN 
Q-916672-56-5, (Allanheld Osmun: 1982.) $45. 
«LOWRANCE, W. W. (ed.). Assessment of Health Effects at Chemical Disposal 

Sites: Proceedings of a Symposium held June 1—2, 1981, New York City. Pp. 162.. 

ISBN 0-86576-025-X. (William Kaufmann: 1981.) $10. 

“RHODES-ROBERTS, M. and SKINNER, F, A. (eds). Bacteria and Plants. 








aN Society for Applied Bacteriology Symposium, 10, Pp.264. ISBN 0-12-587080-9. . 


2 e 1982.) £14.50, $29.50. 


Psychology 


. BRANDSTATTER, H., DAVIS, J. H. and STOCKER- KREICHGAUER, G. 


. feds). Group Decision Making. European Monographs in Social Psychology, 25. 


a Pp.500. ISBN 0-12-125820-3. (Academic: 1982.) £21.80, $45. 


= HOFFMEISTER, F. and STILLE, G. (eds). Psychotropic Agents. Part 11, 
i Anxiolytics, Gerontopsychopharmacological Agents, and Psychomotor Stimulants. 
Pp.778. ISBN 3-540-10300-7 /0-387-10300-7. (Springer-Verlag: 1981.) DM 360, 


$134.10. 


KEMPTON, W; The Folk Classification of Ceramics. A Study of Cognitive: 


Prototypes. Pp. 237. ISBN 0-12-404080.2. (Academic: 1981.) $24. 50. 


‘MAIN, C. J. (ed), Clinical. Psychology and Medicine: : A Behavioural Perspective. : 


Pp.361. ISBN 0-306-40900-3. (Plenum: 1982.) $39.50. 


“SAHAKIAN, W. S. (ed.). History and Systems of Social Psychology, 2nd Edn. 
1982.) 


_ Pp.656, Hbk ISBN 0-891 16-179-4; = ISBN 0-89116-191-0. ‘Hemispher 
Hbk $24.50, las $16. 95. | 





al Workshop heldin i 


Research Co., California: ; 1982. J NP. 


Anthropology _ 

BAILLIE, M.G.L. Tree-Ring Dating and ‘Archaeology. Pp.274. ISBN 
0-7099-0613-7. (Croom Helm, London: 1982.) £16.95. 

BROTHWELL, D.R, Digging up Bones: The Excavation, Treatment and Study 
of Human Skeletal Remains. 3rd Edn. Pp.208. Hbk ISBN.0-19-858504-7; pbk ISBN 
0-19-858510-1. (British Museum (Natural History)/Oxford University Press: 1982.) 
Hbk np; pbk £8.95. 

JONES, G.D. and KAUTZ, R.R. (eds). The Transition to Statehood in the New 
World: New Directions in Archaeology. Pp.254, ISBN 0-521-24075-1. (Cambridge 
University Press: 1981.) £17.50. 

MAIL, L.L., SHANKLIN, E. and SUSSMAN, R.W. (eds). The Perception of 


Evolution. Essays Honoring Joseph B. Birdsell. Anthropology UCLA, Vol. T, 





Numbers ! & 2, 1981. Pp.273. (no ISBN) (University of California, Los Angelesi : 


1981.) Pbk np. 


General 


ABDULLAH, T.A. and ZEIDENSTEIN, S.A. Village Women of Bangladesh: 
Prospects for Change. Women in Development Series, Vol.4. Pp.246. ISBN 
0-08-026795-5. (Pergamon: 1981.) £10, $23. 

ALLAN, P. and JOLLEY, M. (eds). Nursing, Midwifery & Health Visiting Since 
1900. Pp.316. Hbk ISBN.0-571-11839-9; pbk ISBN 0-571-11840-2. (Faber & Faber, 
London: 1982.) Hbk £7.95; pbk £4.95. 


ANDORKA, R. Determinants of Fertility in Advanced Societies. Pp.431. Pbk 


ISBN 0-416-67350-3. (Methuen: 4982. ) Pbk £5,985. 

BARNABY, F. and THOMAS, 
Catastrophe? Pp.250, ISBN 086187-229-0.. (Francis. Pinter (Publishers) Ltd., $ 
Dryden Street, London WOE QNW: 1982.) £12.50. 


‘G. The Nuclear Arms Rae Cnoi 3 or p : - 


BARNES, B. T. S. Kuhn and Social Science. Pp. 126. -Hbk ISBN 0-333-28936-6; a 


pbk ISBN 0-333-28937-4. (Macmillan, London: 1982. ) Hbk £12; pbk-£3.95. 


BERRY, G. A Tale of Two Lakes. The Fight to- ‘Save Ennerdale Water. and a 
Wastwater. Pp.96. Pbk ISBN. TES (Friends of the Lake District, Kendal, Pts 


Cumbria: 1982.) Pbk £2.25, 


BHAT, D.HS. The Sixth Sense. Pp.105. (no ISBN) (Bharati Bhat, India: 1982.) 


Rs 30, $5. 


BLACK, M. and REED, J. S. (eds). Perspectives on the American South. Annual ` 


Review of Society, Politics and Culture, Vol. 1. Pp.409. ISBN 0-677-16260-X. 
(Gordon & Breach: 1981.) $35. 

BLEECKER, D. Gauge Theory and Variational Principles: Global Analysis. 
Pp. 180. ISBN 0-201-10096-7. (Addison-Wesley: 1981.) $17.50.. 


BOYDEN, S., MILLAR, S., NEWCOMBE, K. and O'NEILL, B. The Ecology of 


a City and its People: The Case of Hong Kong. Pp.427, ISBN 0-7081-1095-9, | | 


(Australian Nationa! University Press: 1981.) $A17.50. 
BRINKMANN, K. and SCHAEFER, H. (eds). Der Klektrounfall. Pp.324. ISBN 
3-540-11003-8/0-387-11003-8, (Springer-Verlag: 1982.) DM 128, $59.60. i 


COX, R.A.F. (ed.). Offshore Medicine: Medical Care of Employees in the a a 


Offshore Oil Industry. Pp:199. ISBN 3-540-11111-5; 0-387-11111-5. (Springer-- EC 


Verlag: 1982.) DM 80, £19. 
FINDLEY, D.F, (ed.). Applied Time Series I]. Proceedings of the. ‘2nd 






Symposium held in Tulsa, Oklahoma, March 1980. Pp.798. ISBN 0-12-256420-0. 2 


(Academic: 1981.) $49.50. 





FISHER, A.C. Resource and Environmental Economics. Pp.284. Hbk. ISB N T 


0-521-24306-8; pbk ISBN 0-521-28594-1. (Cambridge University Press: 1982.) Hbk 
£20; pbk £6.95. 


INSTITUTE OF SOIL SCIENCE, ACADEMIA SINICA. (eds), Proceedings of @ 
Symposium on Paddy Soils, Beijing, The People’s Republic of China. Pp.864. ISBN 


3-540-10900-5. (Springer-Verlag: 1981.) DM 98, $45.70. 

KERR, F.W.L. The Pain Book. Pp.192. Hbk ISBN 0-13-647826-3; pbk ISBN 
0-13-647818-2. (Prentice-Hall: 1981.) Np. 

LAUDAN, L. Science and Hypothesis: Historical Essays on Scientific 
Methodology. Pp. 240. Hbk ISBN 90-277-1315-4; pbk ISBN 90-277-1316-2. (Reidel: 
1981.) Hbk Dfl. 80, $34.95; pbk Dfi: 37.50, $14.95. 


MACKLIN, R. Man, Mind, and Morality. The Ethics of Behavior Control. oS 


Pp.130. Pbk ISBN 0-13-551127-5. (Prentice-Hall: 1982.) Pbk £5.65. 


MALCOLM, A. and POYSER, 1. (eds). Computers and the General Practitioner. ; : a 


Pp.124. ISBN 0-08-026865-X, (Pergamon: 1981.) £10, $20. 

MANN, W.B. Was There-a Fifth Man? Quintessential Recollections, Pp.170. 
ISBN 0-08-027445-5. (Pergamon: 1982.) £9.50, $19.50. 

NISBET, R.M. and GURNEY, W.S.C. Modelling Fluctuating Populations. 
Pp.379; ISBN 0-471-28058-5, (Wiley: 1982.) £19.50, $47.50. 

OMRAN, A.R, and STANDLEY, C.C. (eds). Family Formation Patterns and 


Health. Further Studies: An International Collaborative Study in Columbia, Egypt, 


Pakistan and the Syrian Arab Republic, Pp.464, Pbk ISBN 92-4-156070-3. (WHO: - 


1981.) Pbk SwFr. 44. 


PRYDE, E.H., PRINCEN, L.H. and MUKHERJEE, K D, (eds). New Sources of 


Fats and Oils. Symposium at the International Society for Fat Research/American 


Oil Chemists’ World Congress, April/May. 1980, Pp. 340, (no ISBN) {American Oil 


Chemists’ Society, Champaign, illinois: 1981.) Np. 


RENFREW, C. and WAGSTAFF, M. (eds). An Island Polity. The Archaeology 
of Exploitation in Melos. Pp. 361. ISBN 0-521-23785-8. (Cambridge University a 


Press: 1982.) Np. 


STOLLER, B. B. The. Birth of the Imagination. Pp. 34. (No ISBN) Stns s 








> 195. ISBN 0-306-40795-7. 






24 June 1982 


aking a strategy for Europe 


The European Commission’s heart may be in the right place in the support of science and 
-~ technology, but it must learn patience. Europe will be there a century from now. 


-> The European Community is going through a strange and 
“unrecognized metamorphosis. President Ronald Reagan has 
come and gone, leaving behind hima trail of disappointment. 
What worries Europeans most is not that he was less than well- 
informed about their affairs. but that.so little happened or got 
oe Falklands war has. been „settled, after a fashion, 


Kandi Irish dif fidence’ on this Joint soto speak is 
1 that proves the rule). ‘Meanwhile, the whole of 
ype is. perplexed that there should be little it can do about the 


uNting crisis in the Middle East. There is almost nothing that 
1 be done to avert the slow erosion of Chancellor Helmut 
hmidt’s government. in Bonn. 1 ‘his and the concatenation of 
dismal happenings has, however, had a paradoxical effect — 
ans seem to have been convinced that they are in the same 
nd that they had better make the best of it. The 
performance of the government of France at the 
summit, however eccentric, has been heartening for 
y on the east of the Atlantic. This, strange as it may 
is the spirit in which the meeting of the council of science 
s of the Community this week should be judged. 

objective of the meeting is to make a further step towards a 

iénce policy for the European Community. It tends to be 
gotten that the Community has had a science policy since 
before its own creation — a policy called Euratom. It is, however, 
| within living memory that whenever the Community has 

ce tried to hammer out some concerted plan of action on its 
port of science and technology, the result has been 
conspicuously inconspicuous. Plans for coordinated 
programmes of research and development in computers, or 
telecommunications, have regularly foundered or have been still- 
orn. The explanation is familiar but unremembered — national 
overnments will not commit national funds to a common 
programme of research and development if they fear that their 
gain will be proportionately less than their financial contribution. 


_ To ensure that such an outcome will not arise, they insist that 


~ whatever cooperative programmes there may be should be tightly 
_. controlled by representatives of the Community’s member states, 
~ which is-a recipe for making sure that the programmes will be 
second-rate. Will this week’s meeting have a better chance of 
_ succeeding? 
__ © This meeting (see page 619) is at least well prepared. The council 
f ministers of science has been deluged with paper. Thereis alsoa 
hefty background document to direct attention to the directions 
in which, on a kind of statistical-historical view of events, the 
wind is blowing (see Nature 17 June, p.528). The Commission’s 
proposals show that it has learned something from the 


disappointments of the past quarter of a century; the intention: 

now is that there should be a political decision about the fields.in 
which Community funds might be spent in the interests of the 
Community as a whole, a kind of political assessment of more 
detailed plans for spending money in the selected areas and then, 
finally, the making of research grants by specialist committees, 


The procedure proposed has the obvious advantage of putting a- , : 
distance between the politicians. who provide the funds and those 


who ultimately decide how they should be spent. The distance, ` 
however, is unlikely to be great. The committees that spend the 
money will be creatures of the member governments, and their- 
members not so independent that they will be able to snap their 
fingers at those who nominate them. The best to hope for is that- 
the regime now proposed will repeat past mistakes less glaringly. 
Before it is too late, there is another model that European 
governments should consider — the agreement signed last week. 
between the principal research councils of the United Kingdom ` 
and the Netherlands (see page 616). Even this marriage of 
convenience has arisen more or less by accident, partly because 
the British and the Dutch share common scientific interests and 
frustrations and partly because they geton well with each other in 
a wider context, Moreover, the deal. now struck by the research . 
councils falls far short of being a full marriage — there is no: 
suggestion that British funds: should for the time being be used to. 
support research carried out in Dutch laboratories by nationals © 
the Netherlands. Yet the benefits of even this arrangement are 
classically simple. In at least some respects, the community o 
ideas will be enlarged. S 
The lesson for the European Community in this tale is that it 
takes time — and decades, not years — to bring about a tangible 
sense of collaboration between. naturally competitive creative 
people, and that the collaboration works well only when the 
people who decide what should be done are the people who will’ 
then do the work. The model is persuasive, but by no stretch of the : 


imagination quick enough for the European Commissions — 


purpose. How, the Commission will be asking, can the 
‘*technology gap” then be bridged? 

In reality, there must be some middle road. For political 
reasons, the Commission seeks to invest.in research, necessarily- 
applied research, that will both strengthen the sense of 
community and yield some practical benefit in the short run. 
Notoriously, whatit wants can be accomplished only inthesphere 


in which commercial companies are strong and even dominant. It 
would be better advised to back away from the goal of immediate’ 


benefit, seeking instead to improve the cohesion of the research ~ 
community. i 
helping people from member states to move more freely within the | 
Community would be a start, especially if the scope of such a 
scheme could be enlarged beyond the fields now cultivated by the 
European academies and by the European Science Foundation. — 
Modest grant-making through independent bodies of trustee-like 
dignatories would help still further if the grants found their way to- 
those who in the judgement of their peers deserved them. Such | 
painstaking work cannot, of course, be counted on to close y 
technology gap by some arbitrarily chosen target date; but. no 
deliberate policy will do that (although luck might). But if Euroy 

is here to stay, as the events of the past few weeks appear to att 


it twill. stit be here a on or so from now. 





The imaginative use of Community funds for 






























o The TETA id of “the Falklands v war may yet 
herald trouble for the Antarctic Treaty. 


The shooting may have stopped in the Falkland Islands but the 
state of war continues. Britain says that the exclusion zone in 
which Argentine ships will be regarded as hostile will remain in 
place around the Falklands until it is assured that hostilities are at 
an end. But the government of Argentina, in the throes of its post- 
war reconstruction, cannot yet make up its mind what should be 
done. Whatever government emerges in Buenos Aires, however, 
the Argentine claim of sovereignty over the Falklands is unlikely 
simply to be abandoned. The flat contradiction of that cry by the 
British government’s insistence that the Falklands are a British 
possession — reinforced by the removal of an Argentine party 
from Thule in the South Sandwich Islands at the weekend — is a 
depressing omen for the future. The best chance that civility can 
return to Anglo-Argentine relations is that the issue of 
sovereignty should be put on ice, but the diplomats will be hard 
pressed to devise an agreement to that effect which each 
` government can stomach. The prospect is that the negotiations 
= that eventually take place will be as protracted and frustrating as 
~~ those which preceded the war — and will be embittered because of 

it. The hope must be that this souring of relations will not spill 
over into the delicate negotiations now taking place under the 
-umbrella of the Antarctic Treaty. 

Britain and Argentina are key players in the circle of 14 nations 
that govern the region south of 60 degrees south latitude through 
the treaty, which came into effect in 1961. In the past few years, 
this group, building ona long history of mutual cooperation in the 
Antarctic, has begun a chain of decisions about how to dispose of 
the Antarctic region’s food and mineral resources. Two critical 
_ meetings on these topics have taken place this month and it is a 
_ measure of the importance all parties attach to the subject that the 
_meetings went forward despite the Falklands war. 

_ The earlier meeting, at Hobart in Tasmania, was the first of the 
new commission established under the 1980 convention for the 
-conservation of Antarctic marine living resources. Britain’s 
-scientific contribution, particularly that of Richard M. Laws, 
director of the British Antarctic Survey, has been important in 
establishing the concept that there is a serious risk that Antarctic 
krill — the region’s principal food resource — could be 
overfished. Indeed, British research has shown that overfishing of 
some species of Antarctic fish has already taken place. 
Overfishing of krill (probably by the Soviet Union and Japan, 
= which took perhaps as much as 500,000 tonnes last season) could 
¿i imperil the higher life forms of the Antarctic that depend on krill 
__as their main food source. Most endangered would be Antarctic 
whale stocks, already depleted by whaling earlier in the century. 
Formally, the commission could crack down on countries accused 
Of overfishing, but the meeting in Hobart was also intended to 
-establish a new scientific committee. This group is crucial to the 
= success of the new convention, for it is the technical link that will 
«determine when krill are being overfished. Since British research 
has contributed so fully to the understanding of Antarctic marine 
resources, it had been expected that Laws would become its first 
<- chairman. The fact that his election has now been vetoed is a clear 
~» sign of fall-out from the Falklands, and a warning that the amity 
_. of the treaty is in danger. 
=s The second meeting, in Wellington, New Zealand, has been 
<< planned to make a start on the thorny question of the ultimate dis- 
position of Antarctic minerals. How can exploitation be made 
“compatible with the original treaty? The continent has huge 
continental shelves (the Weddell Sea floor is the size of Venezuela) 
` with thick sedimentary deposits that may contain hydrocarbon 


= country owns which part of Antarctica. 


Sia ek 00» 


. deposits for example. One snag is that nobody agrees which: 
Indeed, Britain, 
Argentina and Chile have overlapping and conflicting claims to. 
the part south of South America, including the Weddell Sea. 
_ Whether it will be possible to allocate rights to mineral resources 
-before the ownership of the land has been settled i is problematical, 


| sollution of this unique environment t for example 


The most obvious danger is that with the parties to the > 
Falklands dispute also prominent. signatories of the treaty, — 
mischief-making will break out. Of claimants on the Antarctic, 
Argentina is among the most clamant, and has even sought to 
reinforce its claims by sending pregnant women to Antarctica so 
that their babies can be born Antarctic Argentines. Hitherto, 
Britain has been by comparison a modest claimant, saying that its- 
formal claims in Antarctica are intended more as declarations of 
trusteeship than as old-fashioned territorial claims. It is to be. . 
hoped that the experience of the past three months will not have 
given the British too keen an appreciation of the pleasures of - 
possession. Either way, since all decisions within the Antarctic’ 
Treaty must be taken unanimously, it will be easy for Argentina, 
Britain or some third party effectively to veto an unwelcome 
proposal by saying that the question cannot be settled until 
ownership has been resolved. By the convention signed in 1980, it 
has been agreed that something should be done to exploit marine k 
resources sensibly, but nothing has been decided about minerals. — 

The meeting in Wellington has been made necessary bythe need . 
to forestall unwelcome activities in the Antarctic. The most. 
obvious danger is that a failure to agree a set of rules will letina- 
host of cowboys. The best but also the most likely outcome is that = 
there should be a moratorium on mineral exploitation until — 
procedures have been worked out for telling how the profits (if = 
any) should be distributed. But it should be fresh in the minds of ~~ 
member states that a very similar question occupied the con- 
ference on the Law of the Sea for the best part of a decade. Itisnot 
too soon to start on this negotiation. e 


Ships will go down 
The Falklands conflict seems to have heartened a 


the British naval lobby. It should not. | 
After its successful reoccupation of the Falkland Islands, the 
British government and especially the defence department finds 
itself engaged in a war that could politically or financially more : 
damaging — a war with the most loyal of its supporters in the past 
three months, the members of the Navy lobby. Like the Falklands 
war, the war about naval policy has been rumbling away.: for 
months and even years, on one reckoning since in the 1960s the 
British government gave up the pretence of keeping a ‘strong 
strategic force east of Suez and stopped building large aircraft ~~ 
carriers soon afterwards. More recently, however, the present 
government has had to forgo the services of one Navy minister , 
(Mr Michael Steed) who resigned because he thought the British “ 
Navy was being starved of funds (Trident nuclear submarines not 
counting) while Mr John Nott, the present defence minister, 
appears to have succeeded Mr Francis Pym (by accident, now 
Foreign Secretary) because he showed more willingness to tell the 
Navy that they cannot have all the equipment they would like... 
Inevitably, in the weeks following a successful naval engagement, _ 
the case for building more ships is being loudly put. o A 
It should be resisted and Mr Nott, to his credit, appears to be — 
prepared to do just that. For the lessons of the Falklands war 
(which touch other modern governments than the British) run. 
both ways. The task force to the Falklands could not have been 
mounted without ships, and large numbers of them, a large 
proportion of them fighting ships. That is one strike for the Navy 
lobby. But the recent conflict also showed that ships are 
vulnerable — part of the reason why successive British J 
governments, whatever their first inclinations, have been cool = 
about naval vessels as effective contributors to defence. (That 
they appear to burn so easily and well is nevertheless surprising.) .. 
Moreover, surface ships are likely for a long time to be more easily 
detected as floating metal objects on the surface of a foreign 
element, water, than they will be able to defend themselves with ` 
counter-measures. For the Navy Tobby, that objection will not on 
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ew interest 
in DNA devices 


Washington 
~~ New evidence suggests that the US Army 
o is planning a substantial expansion in its 
biological: warfare research programme, 
- and may be particularly interested in the 
: potential role of recombinant DNA in the 
development of biological weapons. 
‘Since signing the 1972 Biological 
apons Convention, the US government 
maintained that all research on bio- 
logical warfare is unclassified and strictly 
defensive. This research is carried out 
it the US Army Medical Research 
ute for Infectious Diseases 
.MRIID) at Fort Detrick, Maryland. 
“he Office of Management and Budget 
(OMB) has confirmed, however, that the 
rmy has included in its overall budget for 
medical research a sum for defensive 
logical weapons systems which is classi- 
id which is totally separate from the 
“budget office apparently became 
erned that the amount the Army 
ested for this classified work was out 
Oportion to the Army’s stated aims in 
; area. One biologist contacted by OMB 
in the course of its review of the Army 
quest says that it involved ‘hundreds of 
illions of dollars”. USAMRIID’s budget 
approximately $17 million. 
eports of the Army’s interest in recom- 
inant DNA appear to have originated 
‘oma request sent by the Army to the 
ational Academy of Sciences several 
jonths ago. The academy has confirmed 
iat the Army was sounding out its willing- 
ess to. carry out studies on chemical and 
biological warfare that would involve 
classified materials. The academy’s 
-Assembly of Life Sciences decided not to 
- participate in either classified work or any 
work involving biological warfare, but said 
it would consider doing unclassified studies 
on chemical weapons. 
According to Professor Matthew 
Madon of Harvard University, à long- 
time critic of the government’s chemical 
nd biological weapons policies, the topics 
the Army wanted the academy to study 
icluded the possible offensive uses of 
0 DNA technology in 
| oe. onenabl for the pur- 
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yo inate. to be _ the commission had failed to appreciate the 


chemical agents, despite their biological 
origin. 

The public affairs officer for the Army’s 
medical institute, Norm Covert, said he 
was not aware of contacts with the 
academy nor of any US Army research on 
biological weapons apart from that 
conducted at Fort Detrick. The institute’s 
programme involves only the development 
of medical knowledge about biological 
warfare agents, including detection, 
treatment and prevention. The only 
project that uses recombinant DNA is 
an effort to develop an anthrax vaccine 
by cloning in Escherichia coli the 
determinant of the protective antigen for 
anthrax. 

Two years ago the Army advertised in 
Nature for proposals to clone the gene for 
human acetylcholinesterase. At about the 
same time, the Army received permission 
from the National Institutes of Health 
Recombinant DNA Advisory Committee 
ta. clone the determinant of a mild exotoxin 
from Pseudomonas. 

Concern over what the Army may be 
planning has prompted two researchers to 
propose an amendment to the recombinant 
DNA guidelines that would specifically 
forbid ‘‘the construction of biological 





Heidelberg. 

The crucial meeting of the governing 
body (Kuratorium) of the German Cancer 
Research Centre seems to have passed off 
successfully on Monday (21 June). The 
centre will continue much on its present 
scale, but there will be substantial changes 
in the administration, thus vindicating the 
ambitions of Professor Hans Neurath, the 
late-director of the laboratory whose 
resignation last year precipitated the present 
crisis. 

This week’s meeting of the Kuratorium 
was called to consider the critical report of 
the independent commission of inquiry 
under Sir Michael Stoker that was 
published earlier this year and the response 
of the present staff, the new director and of 
the two governments (in Bonn and 
Stuttgart) that are involved. 

The taboratory, strictly the Deutsches 
Krebsforschungszentrum (DKFZ), is West 
Germany’s largest cancer research institute 
and has a staff of more than 1,000 deployed 
in 39 departments and a budget of nearly 
DM90 million (more than £20 million) a 
year. 

The director, Professor Otto Westphal, 
and ministerial director Dr Fritz-Rudolf 
Giintsch presented the official response to 
the criticisms of the Stoker commission 
after the Kuratorium meeting. They agreed 
with the report’s main contention, but said 






weapons by molecular cloning” (see Natu r 
17 June, p.527). It will be taken up at the next 
meeting of the Recombinant DNA Advisory 
Committee on 28 June. 

In a statement from the Arms Control’. > 
and Disarmament Agency which was 
cleared by the Department of Defense, the 
government told the committee that it has 
no objections to the amendment, but 
believes it to be unnecessary. The statement 
said that the Army’s research programme 
“does not and will not involve research to. 
create and screen ‘new’ organisms as 
potential biological warfare agents. Our 
research is, and will continue to be, limited 
to developing protective measures to 
recognized infectious agents which pose a» 
biological warfare hazard.” The statement = 
also stresses that developing weapons for 
deterrence is not considered to qualify as — 
one of the “prophylactic, protective or. 
other peaceful purposes’? for which 
research is allowed under the treaty. An 
official of the arms control agency said 
there was no evidence that the military was. 
interested in going beyond defence. 
research, and that the only classified material - 
was information related to US vulnerability. 
to biological attack. | 

Many of the same points were made in a 















































broad aims et the institute and also the 
administrative and legal constraints of West | 
German institutions. | 
Within three months, Otto Westphal has: 
succeeded in obtaining the cooperation of 
the Bonn ministry, the Land and the. 
members of the institute in reaching . 
consensus on new measures. First, the rol 
of scientists in the running of DKFZ isto be: 
strengthened. A new scientific committee | 
manned from outside will advise ‘the 
Kuratorium on scientific projects, staffing, | 
space problems and personnel. The 
Kuratorium will have eight scientific 
members out of 14 and, it is hoped, will be 
less concerned with administration and. 
more with science. The executive 
committee of DKFZ must now either — 
implement or rediscuss all decisions of the ~ 
Kuratorium and not, as in the past, leave 
them in abeyance. - 
Second, deficiencies in reviewing 
procedures will be remedied, in particular 
by ad hoc commissions appointed by the . 
Kuratorium and under the chairmanship of Pe 
a Kuratorium member. | 
DKFZ is one of the few big cancer... 
institutes without its own clinic. Westphal. 
admitted the Cinderella role of chnical- 
research in West Germany, which he put. 
down to the structure of the medical 
institutions. He is optimistic about. 
opportunities for unconventional extra 
institutional collaboration. Sarah] ‘00 




























a at USAMRIID and the Defense 
- Depärtment’s representative on the com- 
mittee. An open question, however, is 
< whether USAMRIID and the arms control 
agency are even aware of the Army’s 
classified programme on defensive bio- 
logical weapons. Stephen Budiansky 


































































UK-Dutch agreement 


Seeing stars 


A far-reaching agreement for collab- 
‘oration on major research projects was 
signed last week between the British 
< Science and Engineering Research Council 
and its opposite number in the Nether- 
-Jands, Nederlandse Organisatie voor 
~~ Zuiver-Wetenschappelijk Onderzoek 
.(ZWO). The immediate objective is to specify 
= the rules under which the two research 
` councils will collaborate on projects which 
involve expensive capital equipment. 
A spokesman of the British council said 
` Jast week that this development is a mark of 
<. the ‘steady convergence” of the policies of 
the two councils. Exactly a year ago, they 
signed an agreement on collaboration in 
~ astronomy under the terms of which ZWO 
<- will pay a fifth of the cost of the Las Palmas 
: Observatory on Tenerife, receiving a fifth of 
the observing time in return. 
-= Those administering the agreement say 
that the constructive benefits of the agree- 
ment are already apparent. Technical argu- 
ments by Dutch astronomers, for example, 
have led to the decision that the planned 
sub-millimetre telescope planned as part of 
the Las Palmas Observatory should be 
sited instead in Hawaii. _ 
The intention now is that similar 
rrangements should be extended to other 
expensive projects, including the synchro- 
tron radiation source at Daresbury, the 
- British Starlink system for the common 
` processing of astronomical data and 
<- possibly even the common use of major 
computer facilities. There is a possibility 
that the two councils may mount a joint 
<project to build an improved. neutron 
source for diffraction and other studies. 
== One administrative convenience in the 
-< new agreement is that it will not always be 
necessary for the costs of projects to be 
shared out one by one. Rather, when it suits 
the two councils, barter may replace the 
<- éxchange of money. 
"Phe love affair between the two research 
councils has already led to the setting up of 
-.¢ommittees of which British and Dutch 
nationals are members. This has not yet, 
- however, led to cross-membership of the 
<u principal policy-making committees, nor is 
there an immediate prospect of common 
-grant-making procedures except where 
these are ancillary to some major project. 
_ The Science and Engineering Research 
-Council is the largest of the five in the 
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y Dr William: Beisel, deputy ‘for | 


‘United Kingdom, and exists to support 


-selentific research at British universities political, 





investor in Cetus Corporation, a 
leading California biotechnology firm, 
has elected not to fund the firm’s plan to 
produce fructose commercially, Cetus 
hopes to find some other sponsor for 
the work, perhaps a sweetner 
manufacturer, instead. 

The process would attempt to 
produce pure fructose at the same price 
as, or more cheaply than the main 
competitors — high fructose corn syrup 
(used in soft drinks) and sucrose. 
Although Cetus carries out research 
involving recombinant DNA 
techniques, the enzyme at the basis of 
the process was found using standard 
microbiological techniques. 

Standard Oil’s decision may 
represent a retrenchment by major oil 
companies in the biotechnology field 
generally. Investors in such firms are 
said to be more cautious now than they 
were one or two years ago, the budding 
recombinant DNA industry benefited 
from the enthusiasm — and dollars — 
of major firms. Standard Oil of 
California (Socal) owns 17 per cent of 
Cetus Stock. | Deborah Shapley 


and polytechnics. The terms of reference of 
ZWO are wider, extending to the human- 
ities and social sciences. On the other hand, 
ZWO is not responsible for Dutch contri- 
butions to international projects (such as 
CERN), while the proposed Anglo-Dutch 
collaboration in the infrared satellite is 
similarly the direct responsibility of the 
Dutch government. 

As a rule of thumb, the budget of ZWO 
in Dutch guilders is roughly equal to the 
budget of the Science and Engineering 
Research Council in pounds sterling (£1 = 
4.7 guilders). 


Global systems analysis 


& od 

Insult or injury? 

The International Institute for Applied 
Systems Analysis (IIASA) in Vienna is 
going hawking for money. Abandoned 
recently by the US National Academy of 
Sciences, HASA has suffered another 
blow. Its British member, the Royal 
Society, quit last week. Hopes for survival 
now centre on the institute’s friends in the 
United States, who are trying to raise 
private money. Next month the director, 
Canadian Professor C. S. Holling, will visit 
Britain to attempt to rekindle interest. 

For just over a decade, the institute’s 
chief claim on public attention has been its 
unique status as the paradigm of the truly 
East-West research centre. Its collapse, 
now possible, could spell the end of an era 
or simply mean that the project was 
misconceived. 3 


-HASA is being attacked. on three fronts: 
financial and academic. X 


‘Standard 4 Gi Co. of California a nd West ; 
Amoore. ‘but detente i is dead, as is the 


by member institut 
< including | the So 








Reagan government's interest in HASA.  ~ 
And the £5 million budget (1982) is seen as -g 
an unnecessary luxury in hard times. 7 

Academic criticism such as that which 
seems to have moulded the British decision 
has been more of a surprise. Sir Hermann 
Bondi, British member of the HASA 
Council. and also chairman of the. UK 
National Committee for IIASA under the... 
Royal Society, professes himself “horri 
fied” at how few friends HASA has onthe 
committee. But Sir Hermann is by 
background a theoretical physicist, not a 
systems analyst, and must demur to profes- 
sional opinion. | 

The UK committee seems to have been o% 
dismayed by the draft research plan for — 
1983, the first produced by Professor 
Holling. The committee had expected to. 
see drastic pruning of the 24 projects. 
current in 1981 under Soviet leadership of 
HASA. Holling had reduced the number to 
nine, but these included the biggest of last 
year’s projects, including for example th 
analysis of energy policies, the impa 
of industrial change, environmental 
regulation and institutions and regional 
and urban development. The committee _ 
decided that resources at HASA were still ° 
being spread too thinly. 

This opinion thus left the Royal Society . - 
unable to press the British government to 
continue membership. The Department of 
the Environment, the formal channel for = 
the annual subscription, had already > 
decided for internal reasons that it need no - ~~ 
longer support IIASA. The Royal Society 
Britain’s formal member, without any 
obvious means of paying the subscription, ~ 
resigned, 7 

IIASA complains that the British © 
committee does not understand the 
institute’s objectives, which — as Holling - 
has put it — are to provide policy-makers = 
with ‘‘creative options’’. The British - 
attitude is more pragmatic, HASA staff 
members say, while there is very little 
overlap between the research interests of 
UK National Committee members and. 
those of HASA. ae 

The institute is also offended that.the | 
British decision was taken when only the | 
draft plan for 1983 was available. With the 
plan approved by the HASA Council, the- 
proposals can now be “fleshed out”. 
Bondi has invited Holling to present his 
more detailed case personally to the UK 
National Committee. next month. Holling 
will travel with Professor K. S. Parik of 
India and A. Wierzbicki of Poland to 
emphasize the. international interest in 






























ASA work. It is too late for the Royal - s, 


Society to reverse its decision, but Bondi ay 
hopes it is not.too late to find another 


sponsor, however slim the chances. 


In the past, HASA na: or represented ; 
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States which had ‘‘Class A” membership 
and each paid 36 million Austrian schillings 
(£1 2 million) Lesser Class B members 
paid 5 4 milhon schillings IITASA’s nine 
projects for 1983 will now have to be found 
within a budget of 115 million schillings 
IYASA’s friends in the United States are 
looking for $1~1 5 milhon a year from 
1984 Robert Walgate 


Commercialization of research 


So far... 


Boston 

Biological research progresses much 
more slowly than Wall Street transactions, 
Dr Walter Gilbert, professor of molecular 
biology at Harvard University reminded an 
audience of senior businessmen and 
brokers worth many milhons in venture 
capital last week in the last lecture of his 
ulustrious academic career Gilbert, who mn 
two weeks will take up full-time duties at 
the biotechnology firm Biogen, jomed 
other eminent scientists m giving the exe- 
cutives a day-long, $300 per head tutorial 
on therudiments of biotechnology Several 
speakers addressed the question of how in- 
volved a university can get in the big 
business of biotechnology and stil] retain 


_ its integrity and autonomy 


i 


r 


Gilbert described the 30 years of basic 
research that prepared the ground for the 
recombinant DNA boom Only ın 1978, 
after three decades of work, could 
scientists attack the problem of making 
particular genetically engineered com- 
mercial products, and even the applied 
problems are proving very slow to solve 
After the meeting, Gilbert reflected at 
length on the issues of the conference 

In the first place, Gilbert stated that 
ageressive university patent and ‘“‘tech- 
nology transfer” programmes are ın fact 
superfluous In the Umited States there 
exists no real technology transfer gap 
“This ıs evident in the plethora of small 
biotechnology companies, and 1s due 
wholly to the effervescence of America’s 
venture capitahsts’’, he said, “‘who are the 
mussing link ın England ”’ 

Gilbert also took issue with the public 
perception that applied research 1s the 
intellectually weaker sister of basic 
research And in fact, Gilbert continued, 
although everyone sees basic research as 
the wellspring of new scientific ideas, this 1s 
not exclusively true ‘‘One reason univer- 
sities encourage their faculty to consult for 
industry is that they realize that this 1s an 
important way for teachers to learn about 
the problems in the world ”’ 

With a foot in both industry and 
academia for five or more years now, 
Gilbert is in a unique position to comment 
on the threat to a laboratory of such cases 
as his own Because ‘‘the student has 
absolutely no notion of why a professor 
puts him on a scientific problem’’, the 
threat of student exploitation is real But 
Gilbert thinks that any commercial exploi- 


0028-0836/82/250617-02$01 00 


tation of a student will be exposed In any 
case, the transgressor will be doomed, since 
commercially motivated work 1s often not 
academically meritorious and so he will not 
attract top-flight graduate students and 
government grants 

Dr Derek Bok, president of Harvard, 
gave the conference the clearest statement 
so far of the line universities will be taking 
on relations with biotechnology 
companies Bok’s ‘‘cleaner than thou 
line’’, as Gilbert later called it, was drawn 
up at conclaves of university presidents 
such as that last March in Pajaro Dunes 
(Nature 1 April, p 381) Unnversities are 
generally eager to aid in closing the putative 
‘‘technology transfer gap’’, Bok said He 
encouraged so-called ‘‘bilateral research 
agreements’, such as the $50 milhon 
agreement between Hoechst and 
Massachusetts General Hospital He 
underlined as justification for his position 
the current shortage of public research 
funding, the liberty inherent in a 
multiplicity of research sponsors and the 
fact that private support demands of the 
Investigator little of the red tape that a 
federal grant does Bok stated four 
provisos for such agreements (1) that the 
sponsor cannot stipulate what the scientist 
studies, (2) that bilateral agreements must 
be pubhshed, (3) that a firm must 
guarantee a discoverer’s right to publish 
his findings, and (4) that a firm must get 
preferential patent rights only when ıt has 
clearly funded the work involved 

Gilbert later called the patent issue the 
messiest 1n all the debates Patents on dis- 
coveries made by university workers 
should go to the discoverer himself, not toa 
private supporter and particularly not to 
the university ‘“The superficial rationale 
behind Harvard’s current position of 
retaining patent rights on its employees’ 
inventions 1s that this ıs in the public 
interest’’, Gilbert said, ‘‘but actually 
the university has only one motive 
remuneration ° In Gulbert’s view, the 
university should renounce patent rights 
and any other procedures which would lead 
to its motives appearing suspect The dis- 
interestedness that would result ıs one of 
the untversity’s strongest assets In the long 
run, renouncing patents would actually 
make it richer, since over the centuries such 
a climate of disinterestedness 1s what has 
made universities worth endowing 

Bok overtly proscribed investment by 
the university in a firm in which one of its 
faculty members hadastake Herecounted 
the example of the firm in which Dr Mark 
Ptashne1s involved, in which Harvard once 
considered a joint venture Although it 
“takes an imaginative soul to dream up a 
gift a university will refuse’’, Bok mused, 
this was an offer which Harvard had 
to turn down to preserve good public 
relations, faculty morale and general 
academic values Dr Ptashne later retorted 
that in fact Bok had got ıt wrong — that it 
was the university and not Ptashne’s 
company that made the first overture 


Cases in which a faculty member has a 
stake of money or time in a biotechnology 
firm are the hardest to legislate The con- 
cern of Harvard, Bok said, 1s with ‘‘what 
occupies a professor’s mind when he wakes 
up in the morning” Since this information 
1s inaccessible, there must be certain guide- 
lines For instance, at Harvard and at 
Massachusetts Institute of Technology no 
professor may bea corporate executive and 
retain his faculty post Nor may he hold a 
“‘significant number of shares” in a job- 
related company (‘‘The main flaw in 
Bok’s positon,” Gilbert later said, ‘‘1s in 
his argument on shareholding What con- 
stitutes a ‘significant number of shares?’ 
There 1s only one clean lıne and that 1s no 
shares at all ’’) Bok said that on the other 
hand the university permits its faculty 
members to spend up to 50 days per year 
away from their laboratories consulting 
with industry (at a going rate of 
$200~-$2,000 per day) He warned that it 1s 
as important that a university should be 
seen to avoid the dangers in faculty or 
university relations with biotechnology 
firms as that ıt should actually avoid them 

James Aisenberg 


British biotechnology 


Imperial poised 
Imperial College London has found an 
ingenious way of dragging itself by its 
bootstraps into the brave new world of 
biotechnology A few weeks after the 
college arranged that its fermentation pilot 
plant should be transferred to a private 
company financed by TDC Developments 
Limited and called Imperial Biotechnology 
Limited, a venture capital firm, the college 
1s in the market for three staff members — a 
professor (whose stipend will be provided 
by the Leverhulme Trust) and two 
lecturers, whose salaries will be met by the 
fees earned from contracts with outside 
bodies based on the use of the pilot plant 
The chairman of the Centre for Bio- 
technology that will result, Professor Brian 
Hartley, says that the development at 
Imperial College shows that universities 
can still embark on novel undertakings 
when general funds for universities are 
restricted In these days, he says, a college 
that has three vacant posts on offer in 
such a field is in a unique position He 
1s undismayed that the local branch of 
the academics’ union (the Association of 
University Teachers) has complained that 
new academic posts should not be created 
when the holders of other academic posts 
are being threatened with redundancy 
The Imperial College pilot plant, built 
somewhat before its tıme was ripe at the 1n- 
stance of the late Sir Ernst Chain and until 
quite recently considered something of a 
white elephant, and has turned out to be a 
marketable asset Imperial College has, 
however, reserved 20 per cent of the time 
available at the pilot plant in heu of shares 
that would otherwise have been available 
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Exploiting genetics 


Washington 

Congress keeps muttering about 
legislation to regulate links between 
universities and industry on the exploi- 
tation of genetic engineering Last week, 
Congressman Albert Gore’s oversight 
committee held two days of hearings on 
the conflicts of interest that have arisen or 
may arise The occasion gave university 
representatives an opportunity to parade 
local solutions they believe will prevent a 
recurrence of recent controversies 

In several well-publicized cases, 
university researchers pursued work in 
outside corporations that closely par- 
allelled their academic research, and the 
financial arrangements between the 
parties, suggested conflicts of interest 
(In the recent Calgene case, for example, 
a plant biologist at the University of 
California at Davis received a grant from 
Allied Chemical The researcher was also 
vice-president of Calgene, a 
biotechnology firm in which Alhed 
subsequently purchased a 20 per cent 
interest (see Nature 4 March, p 6) 

Recent large grants by corporations to 
Massachusetts General Hospital and 
Washington University, St Louis, have 
heightened concern over possible 
conflicts with traditional freedom of 
academic inquiry 

Roderick Park, vice-chancellor of the 
University of California at Berkeley, 
testified — as did representatives of the 
University of Wisconsin, Stanford 
University and the University of 
Califorma at Davis — that the 
universities are themselves concerned 
Draft principles under consideration at 
Berkeley, for example, would prohibit 


Professor Hartley says that the new 
research and teaching centre will have two 
chief lines of enquiry — the engineering of 
microorganisms able to digest wood and 
wood-like natural materials (ncluding 
sugar-cane and baggasse) into usable 
chemicals, and the development of enzyme 
electrodes or sensors by which means the 
activity of a biochemical enzyme can be 
coupled directly to a semiconductor device 
“We may be able to make microprocessors 
that can smell’’, Professor Hartley said 

On his own position at the centre, 
Professor Hartley says that there 1s no 
conflict between his chairmanship of anew 
academic centre and his membership of the 
scientific advisory board of Biogen, the 
Swiss-based company He explains that his 
contract with Biogen allows him to keep 
confidential his work within Imperial 
College and vice versa He considers that 
the centre, now that it 1s a going concern, 
will be able to apply successfully for a 
subvention from the fund earmarked by 
the University Grants Committee for the 
support of biotechnology in British 
universities (see Nature 20 May, p 173) 


0028-0836/82/250618 01301 00 


any research on campus ‘‘whose benefits 
to education and research are small’, 
would require sponsors of research to 
allow free publication of all results, and 
would ‘‘scrutinize’’, but not necessarily 
forbid any arrangement that involved 
sponsorship of campus research by a 
company in which the researcher held a 
financial interest 

At the hearings, critics of university— 
industry ties had a chance to point a 
finger at some of the more notorious 
conflict-of-interest cases and called for 
federal guidelines on financial disclosure 
Albert Meyerhoff of the Natural 
Resources Defense Council (NRDC) 
testified that the universities have 
already proved incapable of confronting 
these issues themselves The Pajaro 
Dunes conference failed to accomplish its 
purpose of drawing up ground rules for 
industry-sponsored research, he said 
Meyerhoff also criticized the Stanford 
faculty for having rejected a proposal 
requiring disclosure of conflicts of 
interest 

NRDC called for federal legislation 
that would require universities receiving 
federal research funds to adopt financial 
disclosure rules for faculty Researchers 
should disclose any financial interests 
they have in research sponsors and also 
any interests ın companies that could 
benefit from their research, NRDC said 

No such legislation has been 
introduced But Representative Albert 
Gore (Democrat, Tennessee), who 
conducted the hearings, has been 
increasingly concerned over the effects of 
new industry—university ties 

Stephen Budiansky 


Research council visitors 


No-gag gag 


Allegations that foreign scientists 
visiting British research council 
laboratories are subject to serious con- 
straints on their freedom of expression 
seem to bea storm ın a teacup What is at 
issue 1s whether the terms on which visiting 
scientists agree to work in British 
laboratories muzzle public criticism of 
council policy 

Mr Stanley Alderson, who describes 
himself as a writer and human rights 
campaigner, claims that foreign scientists 
visiting the Agricultural Research Council 
(ARC), Medical Research Council (MRC), 
Science and Engineering Research Council 
(SERC) and Social Sciences Research 
Council (SSRC) are asked to sign an agree- 
ment, known as Form Y, accepting the 
conditions of work undertaken by British 
employees of the councils As well as agree- 
ing to observe safety arrangements, patent 
regulations and conditions governing pub- 
lication of research work, visiting scientists 
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are also required ‘“‘during (their) visit 
and afterwards not to mention 
the Council’s name in any public 
controversy’? Mr Alderson says that the 
last condition is inspired by Section 2 of 
Britain’s Official Secrets Act and con- 
travenes the human rights guidelines of 
several international organizations 

The issue may be taken further Not only 
does Mr Alderson plan to write to the 
national newspapers but Lord Avebury has 
wntten to Sir James Gowans, Secretary of 
MRC, drawing his attention to Form Y 
Lord Avebury professed himself 
astonished that ‘‘any self-respecting 
scientist would give such an undertaking 
which on the face of it puts a gag on visiting 
scientists’? and prevents them from ever 
commenting publicly on the policy of the 
research councils 

The research councils are clearly 
surprised and bewildered to find 
themselves at the centre of such a 
maelstrom ‘‘Form Y? Notes for the 
guidance of visiting scientific workers? 
What sit? We’ve never heard of it ” Form 
Y 1s in fact used only by MRC, visiting 
scientists are asked to sign ıt in exchange 
for access to MRC facilities 

An MRC spokesman said that Form Y 
had nothing to do with the Official Secrets 
Act and merely expressed work conven- 
tions understood by employees of any 
establishment The phrase which requires 
that MRC should not be mentioned 1n any 
public controversy conforms with the 
guidance given to its own employees and 
was inserted to avoid embarrassement — 
when making a public statement the 
individual should make it clear that he 1s 
speaking on his own behalf and not stating 
council policy unless he has obtained 
official approval in advance MRC 
employees, he claimed, are not prevented 
from expressing their opinions as private 
individuals 

Visiting scientists at ARC and the 
National Environment Research Council 
(NERC) are asked to sign a form covering 
standard conditions —- patent rights, 
health regulations, publication conditions 
— but there is no clause referring to the 
councils in any public controversy NERC 
employees and overseas visitors who come 
for two or three months do have to sign 
Section 2 of the 1911 Official Secrets Act 
and Section I(2) of the 1920 Act SERC has 
no offical form at all, and the only 
restriction on visitors 1s that covering 
patent agreements 

What seems clear 1s that the obligation, 
explicit or understood, on an employee not 
to speak publicly on behalf of his employ- 
ing body without official approval does not 
limit his right to speak out on any Issue 
whatsoever as long as he makes ıt clear he 1$ 
expressing a private opinion Whatisnotso 
clear, however, is whether an individual, 
employed by or visiting a research council, 
can publicly criticize the policy of the 
council without the fear of being 
disciplined Jane Wynn 
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Plans for research 


Europe awakes 


Brussels 

“It 1s of course the duty of the European 
Commission to be ambitious’’, 
commented one British official cynically 
on the European Commission’s new plans 
to increase EEC science cooperation Next 
week’s council meeting of the research 
ministers (on 30 June) will be sitting in 
judgement on a Strategy for the future of 
European science policy, the fruit of two 
years of conferences and discussions that 
followed the 30 May mandate of 1980, 
when Mrs Margaret Thatcher won 
Britain’s refunds from EEC’s budget and 
when the other nine member states agreed 
to strengthen and broaden EEC’s activities 
in the industrial, social and scientific fields 

Step by step, the European Commission 
has been subtly building up momentum by 
calling unusually frequent research council 
meetings during the past nine months 
Previously, research ministers met every 
two years but, pushed by the European 
Commissioner with the science portfolio, 
Vicomte Etienne Davignon, the EEC 
munisters met in November and March and 
will see each other next week and again in 
the autumn 

The momentum for change ıs being 
created not so much by decisions as by 
ministerial debates intended to set the 
mould for a recasting of the priorities and 
design of EEC research programmes The 
meetings so far have established the 1m- 
portant role of research and development 
m achieving industrial competitiveness 
with the Japanese and Americans in new 
technologies and the economic and social 
dangers of failing to do so 

Davignon wants a new research and 
development programme with five objec- 
tives improving the competitiveness of 
agriculture and industry, the management 
of raw materials and energy resources, the 
quality of life in terms of health and safety 
and the environment, helping the less 
developed countries, and stimulated 
science and technology in the Community 
EEC spending — 645 million European 
currency units (£1,150 million) in the 1983 
budget — represents only 2 7 per cent of 
the budget as a whole Sixty-nine per cent 
of the total budget goes on energy, 13 5 per 
cent on industrial competitiveness, 9 per 
cent on the quality of life, 2 per cent on 
agriculture and | per cent on raw materials 
But research and development employs 
more staff (3,000) than any other direc- 
torate general in the Commission if the 
staffs of the Joint Research Centres are 
included 

The new strategy would be based on five 
massive long-term programmes One of 
these, thermonuclear fusion, 1s already in 
operation The others would tackle infor- 
mation technology, biotechnology, the 
stimulation of industrial and agricultural! 
competitiveness and research intended to 
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aid developing countries 

The broad outlines of the information 
technology programme, dubbed ‘‘Esprit’’, 
have already been sketched out (see 
Nature, 3 June, p 352), work on the other 
programmes may begin after the forth- 
coming council meeting The reason for 
this 1s significant Instead of laboriously 
budgeted and detailed programmes being 
presented to infrequent munisterial 
meetings, the planning would in future 
work from the top downwards 

There would be a new body, the 
Committee for the European Development 
of Science and Technology (CODEST) 
bringing together twenty of the great and 
the good in the world of science, 
technology and industry to select research 
objectives It would interpret a master plan 
agreed by ministers, who would specify in 
advance the resources available A plan for 
encouraging the research judged necessary 
would then be devised by CODEST and the 
Commission, on which basis proposals 
from research teams capable of achieving 
the objectives in question would be chosen 
But independent experts drawn largely 
from industry would actually run the pro- 
grammes The first steps towards a long- 
term programme would be pilot projects 
funded by EEC 

In this way, with CODEST operating as 
a think tank, the Commussion as its 
administrative arm and the day to day 
running handled independently, the 
political rows that sully programmes such 
as the reactor safety project Super-Sara 
would be avoided There would no longer 
be haggling and long delays over the bud- 
gets of programmes that had already been 
worked out in detail 

The realization of the Commission’s 
plans depends on the momentum estab- 
lished by the forthcoming council meeting 
It 1s suggested ın Brussels that Davignon 
will continue merely to be humoured 
because in a time of bugetary restraint EEC 
research, whatever other purposes ıt may 
fulfill, ıs not on tts past record the best 
value for money Few deny that there is a 
drastic rethinking of the rationale behind 
European research and development 

Jasper Becker 


Soviet mathematics 


No more sets 


The Soviet Union 1s to introduce a new 
mathematics syllabus in the senior classes 
of secondary schools The objective 
according to Dr M 1 Kondakov, president 
of the Academy of Pedagogic Sciences, 1s 
to resolve the major debate which has been 
raging among Soviet educationalists since 
the introduction of the present syllabus 
into Soviet schools a few years ago 

The new syllabus was part of a major 
overhaul of schoo! education, begun in the 
mid-1960s Special emphasis was placed on 
an adequate grasp of general principles and 
on pupils’ ability to reason for themselves 
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Learning by rote was to be replaced by an 
increased amount of independent work In 
particular, mathematics was to be firmly 
based on set theory 

Initially, the new syllabus appeared to be 
asuccess In the first three school years the 
proportion of poor achievers in mathe- 
matics dropped from 15 per cent in 1967 to 
3 per cent in 1975 But in the middle and 
senior years, the situation was less happy 
In 1977, when the first batch of students to 
have experienced seven years of the new 
syllabus took their school-leaving exam- 
mations, ıt was found that a majority had 
failed to grasp the new concepts 

One particular failing was a marked lack 
of spatial imagination, attributable either 
to the introduction at too early an age of a 
purely academic approach or else to the 
fact that, so far from working ‘‘1indepen- 
dently’’, the pupils were issued with ready- 
drawn diagrams to save time in class The 


"No MoRE DECADENT 
WESTERN MATHS FoR us!" 





curriculum seems also to have nullified the 
avowed purpose of the reforms by using a 
different terminology from that used ın 
science classes, so that pupils found them- 
selves unable to solve quadratic or trigo- 
nometric equations arising in physics 
classes 

These examination results triggered a 
major debate in the Soviet educational 
press, with the president of the Academy of 
Sciences, Dr Anatoli D Aleksandrov, 
and the prestigious mathematician L I 
Pontryagin criticizing the syllabus Their 
equally prestigious colleaguesS L Sobolev 
and L V Kantorovich, however, 
cautiously supported ıt 

The debate raged for two years (a 
detailed analysis of the arguments appears 
in the current issue of Journal of 
Curriculum Studies), and, perhaps signi- 
ficantly, teachers’ complaints centred 
around difficulties in implementing the 
syllabus (lack of classroom aids and 
teachers’ handbooks) rather than the 
actual content, although their main diffi- 
culties seem to have arisen from the highly 
theoretical orientation of the syllabus 

Parallel] with this debate, the weekly 
Literaturnaya Gazeta launched its own 
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discussion, which ran for some months and 
in general proved to be critical of the 
current emphasis on mathematics as such 
One correspondent depicted a future witha 
computer on every classroom desk and sug- 
gested that with the advent of the computer 
as ‘‘co-respondent’’, the long ‘“‘marriage’’ 
of mathematics and science was ripe for 
divorce 

Professor M Evgrafov, of the Mathe- 
matics Institute of the Academy of 
Sciences went further “Not a single 
result” ın pure mathematics, he claimed, 
had had any practical application for the 
past fifty years, and the current insistence 
on a mathematical training for scientists 
was ‘‘wanton’’, ‘‘rigid’’ and ‘‘useless’’ In 
the future, he said, problem-solving will be 
increasingly left to programmers whom he 
described as ‘‘persons of middle-level 
qualifications”’ 

In 1980, Pontryagin shifted the whole 
debate from the educational and cultural 
journals to Kommunist, the leading Party 
theoretical monthly His criticisms thus 
took on the force of tacit party policy, and 
have undoubtedly played a part in shaping 
the revised syllabus, which will give greater 
emphasis to practical applications and 
seems designed to train the ‘‘middle level”? 
technicians of whom Evgrafov spoke 

The signs are that the new syllabus will 
downgrade set theory (except, optionally, 
in geometry), eliminate ‘‘difficult’’ termi- 
nology and symbohsm and play down 
theoretical precision in favour of an 
“intuitive and descriptive’ approach with 
an emphasis on new mathematical tech- 
nology, including computers Vera Rich 


British Antarctic Survey 


A good wind 


On the principle that ‘‘it’s an ull wind 
*, the British Antarctic Survey 1s 
hoping that the war over the Falkland 
Islands will bring back good times again 
Meanwhile, the survey 1s congratulating 
itself that those ofits scientists left stranded 
on South Georgia after the occupation by 
Argentine forces have made good use of 
their extra six weeks on the island 
The supply vesse] that would normally 
have picked up the scientific parties from 
South Georgia in Apri, the RRS 
Bransfield, also seems to have done useful 
work The ship was apparently in the 
Chilean port of Puerto Arenas at the 
occupation of the Falkland Islands, 
collecting spares for diesel engines and 
other gear In the succeeding weeks, it was 
able to monitor radio transmissions 
between Port Stanley, on the Falkland 
Islands, and the mainland of Argentina 
During the ship’s spell in Antarctic 
waters (below 60 degrees south), the ship 
served as a relay station between the British 
bases ın Antarctica, and even kept in touch 
with those isolated on South Georgia by 
means of relayed signals from the base at 
Signey one the South Orkney Islands 
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Falkland minerals 


An agreement of sorts between 
Argentina and the United Kingdom on 
the title to submarine mineral nghts off 
the Falkland Islands appears to have 
been reached on the eve of the 
occupation of the islands, and to have 
been embodied at the end of April ina 
resolution of the United Nations 
conference on the Law of the Sea The 
resolution adopted by the conference 
(but with Argentina’s dissent) says that 
where there are disputes about the 
sovereignty of territories (such as the 
Falkland Islands), mineral resources 
shall be exploited as ıf the wishes of the 
inhabitants were paramount 

This resolution appears to be a 
compromise reached after the rejection 
by Western powers, France and the 
United Kingdom ın particular, of a draft 
article of the treaty that would have given 
each disputing party an effective veto on 
mineral exploitation, and which used the 
weaker form of words ‘‘for the benefit of 
the mnhabitants”’ 

The rejected article of the treaty, 
described as ‘‘anti-colonialist’’, would 
also have given the United Nations an 
important role to play 1n the regulation 
of disputed marine mineral nghts The 
resolution eventually adopted by the 
conference, which will not have the 
force of international law, plainly suits 
the British book much better 




































Normally, communications with the 
British Antarctic bases are relayed to 
Cambridge, England, through the radio 
and telex station at Port Stanley, out of 
action since early April 

For most of the Antarctic programme, 
the interruption caused by the Falklands 
war should be small, as most of the bases 
were resupphied just before the occupation 
of the Falklands On South Georgia, 
however, where there has been a weather 
station ın continous operation since 1944 
and more recently a summer biological 
station on Bird Island nearby, a season’s 
work ıs likely to be lost 

Apart from the difficulties of operating 
its two ancient ships in hostile waters, most 
of the British Antarctic Survey’s problems 
are monetary The numbers of people on 
its books have been shrinking for the past 
decade, and now amount to about 300, of 
whom 120 are scientists The budget for the 
current year is about £6 million, a modest 
decline compared with the previous year 
without allowing for inflation Even so, it 
has been possible to rebuild two of the three 
bases on the Antarctic Peninsula, while 
there 1s an ambitious plan to rebuild the 
base at Halley, on the Weddeil Sea 

What the survey now hopes ts that the 
British government’s renewed interest ın 
the South Atlantic, and the practical need 
to find peaceful activities that will occupy 
British nationals there, will prompt more 
generous budgets 


Chinese census 


First head-count 
begins next week 


Experts applaud 
revised plan 


Washington 

The only modern census of China’s 
estimated 1,000 millon people, who make 
up one-quarter to one-fifth of the world’s 
population, will take place on 1 July 
China’s last census was in 1964, but 
Western demographers consider its results 
suspect The earlier count in 1953 ıs 
similarly in doubt So the July count is a 
demographic event of major historical 
proportions 

At the 1953 census, Mao Tse-Tung 
officially governed 583,603,417 people 
The number was growing rapidly in accord- 
ance with Chinese family customs and 
Mao’s dictum of 1949 that ‘‘revolution 
plus production can solve the problem of 
feeding the population Of all things in 
the world, people are the most precious 

» But by 1957, the net increase was 20 

people per thousand per year and the 
official line changed Mao said the 
population should be stabilized, perhaps at 
600 million people 

That figure had probably already been 
exceeded and subsequent famines, political 
upheavals and other changing conditions 
have increased uncertainty as to how many 
people China has Age, sex and regional 
breakdowns are critical for its centralized 
state planning But an accurate count, 
besides helping the government, will 
among other things show whether the 
government’s past claims for success in 
population control are true 

But the scale of the enterprise 1s stag- 
gering How do you count 1,000 million 
people? Previous censuses in China were 
carried out literally with hand tabulation 
and abacuses For the 1982 census, the 
government has acquired 20 IBM 4331 E 
Series computers and one IBM 4341 
computer with funds from the United 
Nations Fund for Population Activities 
(UNPA), and has bought eight Wang 
computers on its own 

The five million or so enumerators will 
be office workers, staff of local 
institutions, rural accountants and record 
keepers In a test count in the county of 
Wuxi, enumerators were required to have 
at least a junior middle school education 
The census forms will have 19 categories to 
fill in, some by code, some by ordinary 
writing (The 1964 census form had eight 
categories, the 1953 census had five) 
Representatives of each household will be 
summoned to registration points to tell the 
enumerators how many people were in the 
household at midnight, 1 July Or they will 
be reached by mail, or visited on their 
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boats Post-enumeration checks will be 
made, followed by hand tabulations, after 
which the information will be sent into the 
computer for the region Eventually the 
information will be centralized ın Beijing 
The schedule requires enumeration 1n early 
July and a provisional count by October 
1982 of total population, numbers of males 
and females, population by province and 
other features A machine tabulation of 10 
per cent of the national sample will be 
ready in the spring of 1983, the government 
says, while the remaining tabulation could 
be completed and released in 1984 The 
Chinese are taking a pragmatic, self-critical 
approach to the census This reflects not 
only the temper of the current regime but 
the tastes of the census’s chief architect, Li 
Chengrui, head of the State Statistical 
Bureau (SSB) He and his colleagues have 
been collecting advice and assistance from 
outside China for some years now They 
have changed their plans to provide the 
most modern count possible and say they 
will make the results fully available 
Credence 

If the preparations for the count on 1 
July are breathless, China was even less 
well prepared in 1979 for the census ıt then 
planned for 1980 Western demographers 
were surprised at the credence placed by the 
Chinese ın their earlier counts, in 1953 and 
1964, and critical of the plan that the same 
techniques should be used again They 
were especially sceptical of the claimed 
error rate of 0 0014 per cent 

What seems to have been learned 1n the 
past few years of international consul- 
tation is that the Chinese government needs 
to know accurately how many people it has 
to govern, but that there are limits to the 
accuracy of any census Their project may 
be helped by the character of Chinese 
society Chinese neighbourhoods are close, 
while party officials know who lives in this 
or that house 

The cities will be the hardest problem 
Many city dwellers have moved there 
‘ Hlegally, and may remain hidden from the 
counters There 1s also a risk that families 
that have broken family planning rules may 


China percentage age distribution 1953-80 


Ages 1953 1964 1980 
(years) estimate 
Q--4 15 59 14 52 9 il 
509 10 94 13 65 12 55 
10-14 9 39 12 52 12 93 
15-19 9 10 991 9 05 
20-24 8 24 737 8 29 
25-29 776 731 9 06 
30-34 6 88 677 719 
35-39 6 41 5 97 5 35 
40-44 5 56 $17 5 02 
45-49 501 4 47 4 59 
50-54 4 24 3 84 4 Íl 
55-59 36! 3 27 3 59 
60-64 2 90 2 56 3 08 
65-69 2 03 1 69 247 
10-74 1 37 1 07 1 80 
75-79 0 61 0 55 1 84 
80+ 035 0 26 _ 


Sources 1953, Chinese census 1964, Chinese census 


1980, US Census Bureau estimates based on official 
Data Model B, May 1980 
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Present and future population (both estimated) 


2015 (Projected) 





Per cent of population 


Per cent of population 


Source Infercom Voi 9, p 13 (Population Reference Bureau, August 1980) 


conceal the fact, while local officials 
knowing that too many babies have been 
born ın their districts may conspire to keep 
young children off the forms 

Even if such problems of bias can be 
overcome, the 1 July census will, for the 
time being, stand on 1ts own The earlier 
counts in 1953 and 1964 are known to have 
been inaccurate, and so inaccurate that 
they cannot be extrapolated forwards to 
1982 Thus it will not be possible to assess 
the effectiveness of the family planning 
campaigns begun ın 1956, especially 
because the Great Leap Forward and the 
succeeding Cultural Revolution made a 
hash of many state statistics One difficulty 
during that period was the doctrine that 
statistics are ‘‘cold’’ and ‘‘too 
professional’? and the accompanying 
injunction that statisticians should submit 
their work to the scrutiny of their superiors 
and should ‘‘be humble’’ in accepting 
corrections to it 

Part of the interest in the new census and 
in the age structure of the Chinese 
population ıt will provide ıs the ght it may 
throw on events such as the widespread 
famine that in 1960 eliminated countless 
numbers of the population, and which may 
be apparent ın the size of the age group that 
will be 22 this year But the sheer size of the 
Chinese population will be the chief 
interest Sample counts suggest that it 1s 
1,000 million, but some US experts think 
that an underestimate by about 200 
million 
Publicity 

This year’s census 1s being conducted 
very differently from that in 1964, whose 
existence leaked out only when a British 
cancer study cited figures from the 
previously unknown census This time, the 
project is being undertaken in what 
amounts, for China, toa glare of publicity 

A major point of interest ın the 1982 
census ıs what it will tell about the success 
of recent government population control 


measures The crude birth rate stood at 37 
births per thousand until Mao’s first 
efforts at population control, ıt dropped to 
20 per thousand 1n 1960, and rebounded up 
to 43 6 per thousand in 1963 The more 
serious controls of the 1970s have brought 
this rate down in 1978 the Chinese claimed 
the crude birthrate was 18 34 per thousand 
So, when the results are published in 
October, Western experts will study them 
closely to see how many people turn up in 
the 0 to 4 and 5 to 9 age group The figure 
reflects the 1mportance of population con- 
trol measures to China It represents how 
the Chinese population might change by 
the year 2015 1f each woman in her life had 
an average of 1 5 babies The comparison 
with China’s traditional age profiles, on 
the left, show how important demo- 
graphics can be for state political and 
economic planning 
Resistance 

Indeed, 1f China turns out to have ten 
million or one hundred milhon people 
more than previously thought, the 
leadership will be tempted to use stronger 
measures to enforce population control 
China has been importing food but has 
httle hard currency to buy a lot of it from 
abroad So the implication of extra people 
is ominous Paradoxically, the successful 
population control measures of recent 
years have just been undercut by the state’s 
effort to increase food production By 
allowing farmers to keep their produce and 
turn over a pre-set quota to the state, local 
authorities have lost a major source of 
control over households, including the 
number of children a couple has At the 
same time the farmers, given a chance to 
keep what they produce, have an incentive 
to have more children for additional 
labour So resistance to population 
control, which 1s embedded ın the Chinese 
culture, may stiffen just when more babies 
are the last thing the country needs 

Deborah Shapley 
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Nuclear hazard 


Sir — While it 1s true, as N Bielsten states 
(Nature 25 March, p 284), that thousands of 
people have died over the past 20 years in dam 
failures, ıt 1s naive to compare this to the 
record of the nuclear power industry The fact 
remaims that nuclear power reactors represent 
the only form of civilian technology with the 
potential to kill several million people in a 
single accident 

While one can argue ad infinitum about the 
probability of such an event, we must admit 
that there have been several near misses and, 
as more reactors are built and as present 
reactors age and become more prone to 
failure, the likelihood of such an accident 1s 
increasing For the nuclear power industry to 
congratulate itself for the fact that no such 
accident has yet occurred is reminiscent of the 
fellow who jumped off the Empire State 
Building and who was heard to exclaim as he 
passed each floor ‘‘So far, so good” 

ROBERT J YAES 

Memorial Hospital for Cancer and 

Allied Diseases, 
Sloan-Kettering Institute for Cancer Research, 
Cornell University, New York, USA 


Fear not frenzy 


Str — Your alliterative headline ‘‘Freeze 
frenzy hits US” in Nature of 29 April (p 790) 
was misleading, and gave a wholly wrong 
impression about feelings here There is no 
frenzy we are just frightened, and rationally 
so I don’t want nuclear bombing to destroy 
me and my family, my home, our laboratories 
and libraries and universities and so on, but if 
any major nuclear war starts there seems very 
little doubt that all this would happen in the 
first few hours I imagine that reasonable 
people would feel similarly in Britain, the 
Soviet Union and elsewhere At a recent 
meeting ın here in San Diego, some 3,000 
people gathered to discuss nuclear 
disarmament The discussions were sober — 
and sobering — but not frenetic 

RALPH A LEWIN 
Scripps Institution of Oceanography, 
University of California, San Diego, 
California, USA 


Tangible results 


Sir — Martin Raff (Nature 25 February, 
p 642) has observed a disquieting trend 
towards restricted distribution among 
scientific colleagues of biological materials 

When research results are in the form of 
biological material, such as desired gene 
sequences cloned ın a plasmid vector, simple 
publication of such research results may not be 
adequate, or simply not most efficient, to 
advance science 

Such research results should be made 
available openly and promptly to scientific 
colleagues, whether in academe or industry 
This 1s the basic premise of the Tangible 
Research Property policy recently issued at 
Stanford to affirm appropriate scientific 
practice (Nature 25 March, p 283) The policy 
specifically adjures against withholding 
distribution for commercial reasons Cell 


lines, including hybridomas, are distributed to 
colleagues Broad distribution of Tangible 
Research Property (TRP) can be done in a 
fashion which reasonably protects commercial 
rights The optimal mode of protecting TRP 
would involve strictly limited distribution or 
secrecy, not options for a university to follow 

With the foregoing as background, let me 
turn to Dr Raff’s concern about open 
distribution of hybridomas and monoclonal 
antibodies There 1s a great demand for 
monoclonal antibodies, as 1s well known to 
readers of Nature Indeed, this issue of Nature 
may have several advertisements offering 
various monoclonal antibodies for sale 
Producing and distributing monoclonal 
antibodies to large numbers of users 1s beyond 
the capability or funding of the normal 
university laboratory Private companies 
provide a significant service to science by 
making available well characterized 
monoclonal antibodies of consistent quality to 
academic and industrial scientists for their 
research As monocional antibodies find their 
way to clinical applications, the role of 
industry will be of even greater significance 

At the pomt of clinical application, some 
measure of proprietary protection for 
commercial sales 1s needed by industry to 
enable its considerable investment to bring 
therapeutic products to market Exchange of 
biological materials or other products should 
and can be accomplished in a fashion that 
preserves such proprietary protection and thus 
avoids jeopardizing the public’s access to 
therapeutic or other products derived from 
such biological materials This may involve 
prior (to distribution) agreement by receiving 
scientists to follow steps not to destroy those 
proprietary rights needed for commercial 
development 

Molecular biology ts in transit to an era of 
increased practical applications for public 
benefit The commercialization aspect of this 
can be depressing, as Dr Raff observes, but 
the benefictal aspect should not be overlooked 

NiE_s J REIMERS 

Director, Technology Licensing, 
Office of Technology Licensing, 
Stanford University, 
California, USA 


Billions and upwards 


SIR — All support to your ‘‘ban the bilhon” 
campaign ~~ what use 1s a scientific word that 
can mean 10° or 10 12? Since the ambiguous 
terms billion, trillon, quadrillion, quintillion, 
sextillion, septillion, octillion, nonillion (see 
6th edition of Concise Oxford Dictionary) all 
end in -lhon (and this 1s therefore a suitable 
suffix for all large number words) could we 
not have general agreement on gigallion 10°, 
terallion 10 !?, petallon 10 !°, exallion 10 189 
As far as ] am aware, none of these words has 
been used before, and certainly not to denote 
different numbers from those suggested here 

Larger numbers can be constructed by using 
two (or more) of the internationally recognized 
prefixes, for example, megaexallion for 1074, 
exaexallion for 1036 Cubi- will take us even 
further, cubiexallion (10 !8) 3 being 10 *4 

DavE E PARRY 

Bell College of Technology, 
Hamilton, Scotland, UK 
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CORRESPONDENCE 


Boldly going 


Sır — Wallis (Nature 15 April, p 598) appears 
to support Hoyle’s view that there has been 
insufficient time for the development of life 
systems on the Earth In particular, he says 
that 2,000 proteins of a specified character are 
required to catalyse the reactions involved, 
and that these would not have appeared by 
random assortment of amino acids into 
polypeptide chains in the time available 

This argument would be valid if the 
development of lıfe on planets hike the Earth 
depended upon the simultaneous presence of 
about 2,000 different polypeptide chains, each 
containing a uniquely specified group of about 
6 amino acids to catalyse a particular 
biological reaction This 1s not true 

The emergence of life did not have to await 
the appearance of a particular collection of 
proteins It emerged from the random set of 
proteins that were already present on the 
primitive Earth 

Earth’s biochemistry 1s a by-product of the 
continuous trradiation of the primitive ocean, 
producing chains of reactions and processing 
organic molecular systems back down to the 
free energy gradient As has been shown 
experimentally, irradiated systems of 
appropriate composition contain all the 
organic forms (proteins, nucleotides, 
carbohydrates and so on) required for Earth’s 
biochemistry The huge variety of peptide 
chain segments present would provide catalytic 
centres for many of the reactions involved 
The self-replicatory and evolutionary 
properties of systems of proteins and 
nucleotides then ensures that the peptide- 
catalysed chains of reactions play an 
increasing role ın the flow down the free- 
energy gradient, perhaps by the mechanisms 
described by Black! At some arbitrarily 
chosen stage in this process of development, 
we should recognize the system as a form of 
hfe 

Wallis’s argument does, however, show that 
no two planets in the Universe can have the 
same biochemistry Captain Kirk and the crew 
of the Enterprise are no more likely to find life 
forms with the Earth’s biochemistry than to 
find them speaking English 

A E Rout 

British National Ou Corporation, 
London W1, UK 
} Black,S On the Thermodynamics of Evolution 


(Perspectives in Biology and Medicine, Yol 21(3), Spring 
1978) 


PhD job centres 


Sır — In his letter published mn Nature on 13 
May (p 98), A F W Coulson describes an 
information exchange for PhD students ın the 
life sciences and speculates why this has not 
been done previously in other fields May I 
point out that in physics such a compendium 
was first published by the Institute of Physics 
in 1969 at the request of the Standing 
Conference of Professors of Physics The 
Sixth Edition has recently appeared 

I too, Sir, have often wondered why similar 
volumes have not appeared for other subjects 

L COHEN 

Institute of Physics, 
London SW1, UK 
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NEWS AND VIEWS 





Gravitational wave backgrounds and the 


CouLD the detection of a background of 
gravitational waves tell us what the 
Universe was like during its first few 
moments? This is the intriguing question 
raised in a recent paper by Adams, 
Hellhings, Zimmerman, Farhoosh, Levine 
and Zeldich in the Astrophysical Journal 
(253, 1-18, 1982) Those interested in 
detecting gravitational waves have usually 
focused attention either on bursts of 
radiation (such as might be generated by 
supernova explosions or black hole 
formation) or on continuous radiation 
(such as might be generated by binary stars 
and pulsars) Strenuous efforts to detect 
these types of radiation, using resonant 
bars and laser interferometers, are already 
afoot Attention is now turning to the 
possibility of detecting a background of 
gravitational radiation, analagous to that 
of electromagnetic radiation Such a back- 
ground would have to have been generated 
at a cosmological redshift — that 1s, well 
before the present epoch, and perhaps 
before galaxies formed — so any success in 
detecting ıt could give vital information 
about the early Universe 

One way in which a background of 
cosmological gravitational waves could 
arise 18 from the superposition of many 
individual bursts generated astro- 
physically at some time in the past If 
the waves were generated early enough 
(necessarily at redshifts exceeding 1) and if 
the events producing them were suf- 
ficiently numerous, then the gravitational 
bursts should overlap in the sense that their 
duration ¢ should exceed their average 
separation At This would produce a 
stochastic background with an effective 
dimensionless amplitude larger than that 
of the individual bursts by a factor (t/A) ” 
Overlapping bursts could have been 
generated by various postgalactic events 
They could also have been produced by 
pregalactic events, for example, by the for- 
mation of a population of pregalactic black 
holes Such holes might today provide the 
‘missing mass’ known to reside ın clusters 
of galaxies and galactic haloes The period 
and amplitude of the resulting background 
will, in this case, have been uniquely 
determined by the holes’ mass and density 
formation epoch, so its detection could 
. help us ascertain the nature of the missing 
mass 

Another possibility, and one that 1s par- 
ticularly relevant to the Adams etal paper, 
1s that the background could be primordial 
in the sense that it goes all the way back to 
the big bang and 1s part of the initial con- 
ditions of the Universe For example, ıt 1s 


early Universe 


from B J Carr 


possible that quantum processes ın the 
early Universe produced a thermal back- 
ground of gravitons with a present tem- 
perature of the order of 1K, analagous to 
the thermal background of 3K microwave 
photons which was discovered in 1965 
Unfortunately, ıt seems unlikely that such 
a thermal background of gravitons could 
ever be observed A more interesting possi- 
bility 1s that primordial waves might have 
resulted from purely classical processes if 
the early Universe, instead of having the 
smooth structure observed today, was 
chaotic In this case, the waves would not 
look like radiation at early times because 
they would have a wavelength larger than 
the Universe’s particle horizon size (the 
distance travelled by light since the big 
bang) Also, their dimensionless ampli- 
tude, instead of being small, would be of 
the order of unity and thus severely distort 
the background space-time This contrasts 
to the situation with an astrophysically 
generated background, where the waves 
could never have a significant cosmological 
effect 

There ıs no doubt that solutions to 
Einstein’s equations which contain 
incipient gravitational waves in this sense 
ought to exist, although the complexity of 
the equations makes the identification of 
such solutions non-trivial However, 
Adams etal have succeeded in providing a 
formalism with which to describe plane 
gravitational waves in Bianchi cosmo- 
logical models (The Bianchi models are 
homogeneous ın the sense that they look 
the same everywhere, but anisotropic in the 
sense that they look different in different 
directions ) By confining attention to 
plane-wave solutions, which break the 
homogeneity of the Bianchi model only in 
the direction of wave propagation (the 
z-axis), they manage to find exact solutions 
which do indeed exhibit the sort of 
properties anticipated above at early times 
the Universe 1s highly mhomogeneous, 
with the anisotropy parameter depending 
on the z-coordinate, while at late times one 
gets waves travelling in the z-direction 
They thus show explicitly how the chaotic 
behaviour near the initial singularity can 
be transformed into gravitational waves 
Admittedly, the chaotic early Universe 1s 
unhkely to possess the plane symmetry 
assumed by Adams ef al A genuine 
stochastic background, with overlapping 
waves coming from all directions, would 


BJ Carr is at the Institute of Astronomy, 


University of Cambridge, Madingley Road, 
Cambridge CB3 0HA 


need to derive from a much more 
complicated initial behaviour Neverthe- 
less, it is an important first step and the 
study of more complicated models will 
doubtless follow 

An interesting characteristic of gravi- 
tational wave backgrounds, whether 
primordial in origin or generated astro- 
physically, ıs that they could have con- 
siderably longer periods than the kinds of 
waves generated by sources in the present 
epoch The period of primordial waves 1s 
more or less arbitrary but could, in 
principle, be anything up to the age of the 
Universe, pregalactic black hole events 
could generate waves with present periods 
up to a year Although such long-period 
waves could not be detected with conven- 
tional bar-type detectors, they could be 
using more exotic methods For example, 
they might be detected by Doppler tracking 
interplanetary spacecraft a spacecraft 
would be jiggled by gravitational radiation 
and this would be registered as a change in 
the frequency of the radio waves which are 
routinely used to track it Long-period 
waves could also be detected by their per- 
turbations on planetary orbits Since the 
precision with which planetary orbits and 
spacecraft motions can be monitored 1s 
already close to that required to detect 
possible gravitational wave backgrounds, 
it 1s conceivable that gravitational wave 
astronomy will start in space rather than on 
Earth 

If waves of primordial origin were 
discovered, it would obviously be 
important to ask what informationa they 
could yield about the initial state of the 
Universe If the early Universe really were 
as simple as the Adams ef al model 
presumes, that 1s, nhomogeneous in only 
one direction, then measurements made by 
only three spatially separated observers 
would suffice to infer the initial state 
However, the Universe, if chaotic at all, 1s 
unlikely to have been that simple and so in 
practice many more observers would be 
required to draw any cosmological con- 
clusions Nevertheless ıt ıs intriguing that, 
in principle, monitoring the positions of 
planets and satellites could answer 
questions about the imitial singularity It 
should be noted that in the Adams et al 
solutions, the gravitational wave 
amplitude decreases with time and thus 
becomes increasingly difficult to detect 
Unfortunately, this decrease only occurs 
on a cosmological time scale, so this feature 
may not convince organizations which 
fund gravitational wave research of the 
urgency of such measurements! L 
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SOME ten years ago the discovery of the 


it signal'sequence’’showed how, in principle, 
eu the cell could ‘tag’ proteims destined for 


secretion When a secretory protein 1s 
synthesized the first part of the growing 
polypeptide chain to emerge from the 
ribosomal complex 1s a ‘signal’ or ‘leader’ 
sequence that directs the ribosomal 
complex to the membrane of the 
endoplasmic reticulum (ER) There the 
signal sequence 1s removed and the rest of 
the protein synthesized as it 1s transferred 
across the membrane into the cisternal 
space 

Such discoveries were made possible 
by the development of cell-free systems 
that mimicked the im vitro transfer process 
Signal sequences have subsequently been 
found on all nascent proteins initially 
inserted mto the ER membranes What has 
remained a mystery, however, 1s the way in 
which the signal sequence carries out its 
function Other cellular proteins must be 
involved but their study requires a 
painstaking dissection and reconstitution 
of the ER membrane Progress in this area 
has until recently been slow, but now two 
ER proteins have been characterized*% 
one stops synthesis of the protein until a 
suitable site for transfer across the ER 
membrane has been found and one, 
described ın this issue of Nature (see 
p 647), ‘docks’ the protein at a suitable 
site 

It has been known for several years that 
microsomal vesicles (derived from dog 
pancreatic ER) lose the capacity to transfer 
secretory proteins in vitro when extracted 
with high salt solutions Activity can be 
restored by a component of the salt extract 
— a protein complex containing six differ- 
ent polypeptide chains? — but the precise 
function of the protein complex was 
unknown Peter Walter and Gunter Blobel 
have recently shown’? that it binds 
strongly to those polysomes synthesizing 
secretory proteins and stops further trans- 
lation, but binds only weakly to free ribo- 
somes and has noeffect at all on polysomes 
synthesizing cytoplasmic proteins 
Translation of secretory proteins 1s 
stopped after the nascent chain has 
reached a length of about seventy ammo 
acids Forty of the amino acids will be 
buried within the large ribosomal complex 
and thirty will have emerged from the 
ribosomal complex — the same length as 
the signal sequence for the secretory 
protein under study The signal sequence is 
rich in leucine which can be replaced in the 
cell-free system by a more hydrophilic 
analogue, B-hydroxyleucine When this 1s 
done the protein complex can no longer 
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effectively inhibit synthesis of the now- 
modified secretory protein The authors 
therefore conclude that the complex 
recognizes the signal sequence and have 
termed it the signal recognition protem 
(SRP) Though much work needs to be 
done to determine the individual 
contribution of the six polypeptides to the 
inhibition of translation, the complex has 
been found to perform the same function 
with other secretory protems® (and see 
p 647) and at least one membrane protein? 
The block ın translation can be released 
by addition of the salt-extracted 
microsomal vesicles and subsequent 
synthesis ıs then coupled to transfer The 
ER proteins responsible for releasing this 
block were unknown but one protein 
essential for ın vitro transfer! had been 
previously characterized by Meyer and 
Dobberstein It ıs released from salt- 
extracted microsomal vesicles by protease 
treatment and has a molecular weight of 
60,000 Antibodies to this proteolytic 
fragment!! showed it to be derived from an 
ER membrane protein with a molecular 
weight of 72,000 that 1s entirely restricted 
tothe ER in vivo The work reported in this 
issue of Nature (p 647) now shows that the 


SPEAKING on 27 May at a Royal Society 
discussion meeting on Cell Membranes 
and Glycoprotein Synthesis, Dr Gunter 
Blobel of the Rockefeller University gave 
advance notice of a new and unexpected 
twist in the long running saga of the signal 
sequence It now seems that the signal 
recognition protein, whose role 1s 
described in the accompanying article, 
has a specific ribonucleic acid associatied 
with it 

That the ribonucleic acid plays some, 
as yet undefined, part in the process of 
ensuring that secretory proteins are 
secreted is suggested by the inhibitory 
action of nbonuclease on the ability of 
the signal recognition protein to arrest the 
translation of secretory proteins (see 
accompanying article) The sedimen- 
tation coefficient and partial sequence of 
the ribonucleic acid associated with the 
signal recognition protein make tt all-but 
certainly identical to 7S RNA, the 
sequence of which has just been described 
by two independent laboratones(E Ullu, 
S Murphy &M Mell Cell 29, 195, 1982 
and W li, R Reddy, D Henning, P 
Epstein & H BuschJ biol Chem inthe 
press) Intriguingly, 7S RNA 1s closely 
related to the ‘Alu’ family of RNAs, the 
genes for which exist in many thousands 
of copies scattered throughout the 
mammalian genome Alu RNAs, 
although present in abundance in most 


purified proteolytic fragment specifically 
releases the translation block induced by 
SRP The membrane bound form of the 
protein has the same effect This means 
that the block on synthesis produced by 
SRP will not normally be released untl the 
SRP has bound to the membrane protein 
The protein thus acts to ‘dock’ the 
ribosomal complex at a suitable site on the 
ER 

To accord with the overall scheme for 
the hommg step proposed by Walter and 
Blobel* at least some of the SRP should be 
free in the cytoplasm ready to bind to 
polysomes synthesizing proteins initially 
destined for the ER SRP was, however, 
characterized from a salt-extract of 
microsomal vesicles The cytoplasmic form 
has now been detected (see p 647) using a 
sensitive assay and significant amounts of 
SRP have been found ın the cytoplasm of 
reticulocytes and dog pancreatic cells 

The homing step explains how the 
ribosomal complex becomes specifically 
bound to the ER membrane The signal 
sequence does not play a direct role in this 
step but acts through SRP This may have 
an additional advantage since the hydro- 
phobic signal sequence would not be free to 
interact with any cellular membranes other 
than the ER Once ıt ıs free to interact with 
the lipid bilayer, the homing step will have 
ensured that this bilayer will be that of the 
ER The inhibition of translation 1s clearly 
an important part of SRP’s function, to 


cells, are of unknown function It could 
be that the role of one subset has now 
been unearthed 

At the same meeting Blobel acknow- 
ledged the demise of a different twist in 
signal sequences His classic signal 
sequence 1s at the amino terminus of a 
secreted protein and 1s cleaved off as the 
protein traverses the membrane Later it 
emerged that ovalbumin, although a 
secreted protein that competed with 
others for insertion into microsomes in 
vitro, did not subsequently lose an 
amino-terminal peptide In 1979 Blobel’s 
laboratory published a paper (V R 
Lingappa, J R Lingappa & G Blobel 
Nature 281, 117) claiming that the signal 
peptide of ovalbumin was internal, and 
suggesting a location around amino acid 
250 of the 385-residue chain Now, as 
Blobel acknowledged, it looks as if that 
result was in error One 1s instead to 
beheve the conclusion of William Braell 
and Harvey Lodish (J biol Chem 257, 
4578, 1982) that the signal sequence of 
ovalbumin is on the amino-terminal side 
of residue 150 and thus not exceptional 

But, according to an earlier paper of 
Braell and Lodish (Cell 28, 233, 1982), 
what is not true for ovalbumin 1s true for 
the erythrocyte anion transport protein 
which really does have an internal signal 
sequence somewhere around its middle 

Peter Newmark 
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stop translation must be a complicated 
process reflected in the polypeptide 
complexity of SRP 

The advantage of stopping translation 
until a site on the ER has been found ıs not 
hard to see Without this block translation 
would continue and the ribosomal complex 
would only have a few seconds to reach 
a suitable site for transfer of the protein 
If it did not reach a suitable site in time 
the protein would be completed and 
discharged into the cell cytoplasm This 
could be very damaging particularly if, for 
example, these protes were degradative 
enzymes By stopping translation SRP 
make sure that there 1s sufficient time to 
find a suitable site 

These arguments may not apply in 
prokaryotes which are much smaller (so 
that less tıme would be needed to reach a 
membrane) and have only one membrane 
(the plasma membrane) through which 
proteins are initially transferred It 1s even 
not clear that proteins must be transferred 
during synthesis and in one case (M13 
phage coat protein) transfer can occur 
after synthesis and apparently requires 
only a suitable lipid bilayer and signal 
peptıdase!4!5 It would therefore be 
important to see whether prokaryotes have 
the equivalent of SRP and a docking 
protein since their presence would argue 
strongly in favour of transfer during 
synthesis 

The homing step ıs distinct from, and 
precedes, the transfer of the nascent 
protein across the ER bilayer The 
ribophorins and the signal peptidase’ may 
be involved ın this step but no other cellular 
proteins have been characterized Recon- 
stitution techniques now need to be applied 
tothetransfer step It will be more difficult 
to study because the ER lipid bilayer will 
have to be broken down and built up again 
Nevertheless, the striking success of 
reconstitution techniques in revealing the 
functions of signal recognition protein and 
docking protem make the attempt well 
worthwhile ul 
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Related genes can hav 
unrelated introns 


Jrom Athel Cornish-Bowden 


IN eukaryotic gene families, such as those 
that code for the globins, the number and 
position of the introns has been found to be 
conserved across each family and, 
presumably, dunng evolution A very 
different picture emerges from new work 
reported in this issue of Nature (p 655) by 
Woo and his collaborators They have 
studied the introns in the genes for two 
distantly related proteins, human 
a@,-antitrypsin and chicken ovalbumin, and 
have found that there 1s no correspondence 
between the three introns of the ovalbumin 
gene and the seven of the a,-antitrypsin 
gene This result calls mto question the idea 
that the arrangement of introns provides a 
record of the original structure of a 
eukaryotic gene, instead it suggests that 
introns may have been introduced into 
genes since the divergence of the 
vertebrates 

Ovalbumin ıs the principal protein in 
chicken egg white, whereas a,-antitrypsin 
1s a human plasma protein involved ın the 
control of elastase, individuals deficient in 
it have a high risk of lung disease There 
was no reason to expect any sequence 
similarity between the two proteins and the 
observation that they are ın fact 24 per cent 
identical was thus asurprise The degree of 
similarity 1s far too high to be ascribed to 
chance, as Hunt and Dayhoff (Biochem 
biophys Res Commun 95, 864, 1980) 
estimated that such a possibility would 
occur with a probability around 10+! 

If chance 1s excluded, there are two ways 
in which the similarity between ovalbumin 
and a,-antitrypsin can be explained, either 
the two proteins have diverged from a 
common ancestral protein, estimated by 
Hunt and Dayhoff to have existed about 
500 million years ago, or they have 
converged to similar sequences as a 
consequence of selection In the former 
case, the lack of correspondence between 
the arrangements of introns in the two 
genes needs to be explained, ın the latter it 
does not because no correspondence would 
be expected Woo and collaborators say 
that ıt ıs impossible to determine 
conclusively whether the two proteins 
arose by convergent or divergent evoluion I 
believe them to be unduly cautious in this 
regard and that the possibility of 
convergent evolution can be discounted 

Although examples of convergent 
evolution of protein structures do exist, 
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they are observed at the level of catalytic 
mechanism and not in amino acid 
sequence In the best established case, that 
of the bacterial protemase subtilisin and 
the mammalian serine proteinases such as 
chymotrypsin, the catalytic mechanisms 
are essentially the same but there 1s no 
sequence similarity beyond a use of the 
same kinds of residue in the catalytic 
action By contrast, if the similarity 
between ovalbumin and a,-antitrypsin 
arose by convergent evolution ıt would 
imply convergence to a high degree of 
similarity over the whole lengths of two 
proteins without even, apparently, a 
similar physiological function If this were 
substantiated its shattering effect on 
current ideas about protein structure and 
evolution could hardly be exaggerated, ıt 
would be comparable with the effect of the 
first reports of introns in eukaryotic genes 
and overlapping genes in viruses on our 
understanding of gene structure 

The chicken ovalbumin gene contains 
seven introns, all of them located in the 5’ 
half of the mRNA, whereas the three 
introns m the human a,-antitrypsin gene 
areallin the3’ half ofthe mRNA Only one 
intron in the ovalbumin gene occurs ın even 
approximately the same position as any 
intron in the a,-antitrypsin gene the 
introns in question do not show significant 
sequence similarity either with one another 
or with the corresponding coding regions 
of the other genes It seems inescapable 
that a substantial reorganization of the 
intron structure has occurred since the time 
of the common ancestral gene shared by 
the ovalbumin and a,-antitrypsin genes 

Could the differences ın intron structure 
be a consequence of random losses of 
introns during evolution from an ancestral 
gene containing at least ten introns? If 
there were exactly ten, of which a random 
three were deleted on the lineage leading to 
the ovalbumin gene, and a random seven 
were deleted on the lineage leading to the 
a, -antitrypsin, the probability that the two 
descendent genes would have no introns 1n 
common would be 3'7!/10!, or 1/120 This 
probability 1s hardly small enough to rule 
out random deletion of introns as an 
explanation, but it 1s small enough to 
suggest that alternative explanations 
should be considered, not only 1n this case 
but also ın that of the actin gene famuly, 
for which a much smaller degree of mtron 
variability has been observed Woo and 
collaborators suggest that some at least of 
the introns may have been introduced into 
the ovalbumin and a,-antitrypsin genes 
after they diverged ın evolution If so, the 
arrangement of introns must be a more 
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recent aspect of gene structure than has 
been supposed Light will perhaps be shed 
on this question by investigation of the 
intron structure of the gene for human 


antithrombin II, another plasma 
proteinase inhibitor in the super-famuily 
that contains ovalbumin” and 
a, -antitrypsin O 


Membrane kissing 


from A W Cuthbert 


CELLS that respond very rapıdly to 
chemical signals such as neurotransmitters 
change their 1on1c permeability by altermg 
the functional state of 10n channels already 
present m the membrane An alternative 
but improbable way of changing 
permeability might be to insert patent ion 
channels into the membrane from a 
preformed store within the cell However 
for cells that respond only slowly to signals, 
as with some hormones, such an alternative 
way of changing permeability could have 
advantages For instance, a sustained 
response might follow only a transient 
exposure to hormone with return to the 
prestimulated condition being governed by 
membrane turnover processes 

Lewis and de Moura report in this issue 
of Nature (p 685) what may be a 
convenient way to study the insertion of 
1on channels into cellular membranes from 
an intracellular source The tissue they 
have exploited 1s rabbit urmary bladder 
epithelium, which transports sodium 
electrogenically from the apical to the 
basolateral side They ‘‘punched’’ stripped 
preparations of this tissue by subjecting the 
apical side to a series of rapid changes in 
hydrostatic pressure As a result, 
transepithehal resistance was reduced and 
short-circuit current increased Punching 
caused more than a tenfold increase in 
current together with a significant increase 
in the sodium selectivity of the apical face 
The current, like the normal sodium 
transport, was sensitive to the pyrazine 
diuretic amiloride The authors suggest 
that punching causes cytoplasmic vesicles 
containing sodium channels to collide and 
kiss the apical membrane, resulting ın the 
transfer of sodium channels to the apical 
surface 

The urinary bladder, of course, under- 
goes cyclical changes m volume as it 
collects unne Lewis and de Moura also 
show that when the bladder 1s distended 
mechanically the membrane capacitance 
remains rather constant while the mass per 
unit area 1s decreased This, they argue, 1s 
due to the insertion of new membrane 
material from an intracellular source 
keeping the capacitance constant at around 
1 pF cm? Similarly, when the cells are 
allowed to swell in a hypotonic medium 
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there 1s an increase in apical membrane 
area which results in a 74 per cent increase 
ın apical membrane capacitance The 
effects both of punching and of exposure 
to hypotonic solutions were blocked by 
cytochalasin B, perhaps indicating the 
involvement of microfilaments 

An unexplained finding was that 
although punching increased apical 
sodium permeability there was no increase 
im capacitance If vesicles rich ın sodium 
channels are incorporated into the apical 
membrane when it 1s punched, then 
equivalent amounts of membrane with 
fewer sodium channels must be removed 
on rebound 

Undoubtedly these experiments will give 
investigators another way to manipulate 
the apical membrane of transporting 
epithelia As with many discoveries, their 
importance 1s not necessarily that they are 
new but rather that they are timely 
Insertion of channels into epithehal 
membranes as a way to increase per- 
meability has been proposed for both sodium 
and water in recent years As far back as 
1968, Nutbourne! applied small 
hydrostatic gradients to the apical surface 
of frog skin and recorded marked increases 
m sodium transport, yet this attracted little 
attention although the technique used was 
very similar to that described by Lewis and 
de Moura It 1s interesting to re-read the 
discussion of that paper written at a time 
when the mechanisms for sodium ion 
translocation across the apical face were 
poorly understood 

The mammalian urinary bladder, like 
numerous other tight sodium-transporting 
epithelia, responds to aldosterone with an 
increase in 10n transport Early studies? 
and more recent electrophysiological 
measurements? have shown that the 
sodium permeability of the apical surface 
of epithelia increases under the influence of 
this mineralocorticoid Current fluc- 
tuation analysis in potassium-depolarized 
toad bladders has shown that the umt 
conductance and average lifetime of 
individual sodium channels are not 
changed but that there 1s an increase ın the 
number of electrically active sodium 
channels? Although the action of 
aldosterone requires DNA-dependent 
RNA synthesis and protem synthesis it 
does not follow that aldosterone actually 
causes the synthesis of new ion channels 
The metabolism of the cell may be altered 
in such a way that preformed 10on channels 


stored in cytoplasmic vesicles are inserted 
into the apical membrane, without ruling 
out an additional effect on synthesis Re- 
cruitment of electrically silent channels 
seems also to be responsible for the change 
in the sodium permeability of the apical 
face in amphibian urinary bladders treated 
with antidiuretic hormone (ADH)*, but 
whether this occurs from electrically silent 
channels in the apical membrane or by 
fusion of cytoplasmic vesicles 1s not 
known True, there 1s an increase in the 
membrane capacitance in toad bladder ın 
response to ADH’ which might be expected 
from the insertion of new membrane 
However, there are two problems with this 
interpretation First, Lewis and de Moura 
did not see an increase in capacitance in 
their punched tissues although sodium 
transport was markedly increased Second, 
ADH also causes an increase in water 
permeability of the toad urmary bladder 
which may be responsible for the 
capacitance change 

Painstaking morphological studies using 
freeze-etching have shown that ADH 
causes the appearance of particle 
aggregates in the cytoplasmic face of the 
apical membrane? There ıs strong 
correlative evidence that the particle 
aggregates are associated with increased 
water permeability, but whether the 
aggregates are formed by translational 
movement in the membrane or by insertion 
from the cytoplasm ıs not clear, although 
the increase in capacitance favours the 
latter view Interestingly, methohexital 
blocks the water permeability response to 
ADH without affecting the sodium 
transport response!® Whether the whole of 
the capacitance increase 1s also blocked by 
methohexital remains to be explored 

Membrane macromolecules must be 
made within the cell so ıt ıs not unlikely that 
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molecules en route for the membrane, and 
in increasingly complete stages of 
assembly, will be found in the endoplasmic 
reticulum, Golgi and cytoplasmic vesicles 
Reservoirs of a number of molecules 
destined for the cell membrane and 
showing modified immunoreactivity, 
enzymatic potential or binding properties 
have been identified intracellularly'!-5 A 
recent example, relevant to this discussion, 
is the identification of a saxitoxin-binding 
protein in frog heart cytosol as a putative 
sodium channel! Amiloride analogues 
have been used to identify components ın 
sodium-transporting epithelia with 
properties consistent with those of apical 
sodium channels Binding measurements 
in intact tissues, such as frog skin!’, have 
given site densities (130 um?) comparable 


with fluctuation analysis!® (50 um?) 
However, in isolated cells'!? and 
homogenates”? where the ligands have 
access to intracellular sites, much greater 
site densities have been obtained Finally, 
in the epithelium lining the avian 
coprodaeum, rod-shaped particles, 
tentatively identified as sodium channels, 
have been seen in freeze-fractured mem- 
branes, both apical and intracellular?! 
Thus there ıs a body of very different 
sorts of evidence which suggests that 
transporting epithelia have a reservoir of 
vesicles containing sodium channels poised 
for insertion into the apical membrane 
Whether these vesicles can ‘kiss and make 
up’ the increase in sodium permeability of 
the apical surface mn response to punching 
may be very hard to prove O 


Inhumation: how ants and other 
invertebrates help seeds 


from Andrew J Beattie and David C Culver 


WHAT happens to seeds once they come to 
rest following dispersal? Seeds are 
scattered widely in the environment by 
wind, water, animals and explosive 
mechanisms and yet the sites where 
successful germination and growth can 
occur are often patchy, scarce and 
limiting! Some possess mechanisms such 
as hygroscopic bristles for self-burial?, 
while others are effectively buried by 
falling into soil crevices or where wind- or 
water-borne soil and debris accumulate? 
Many seeds do not require burial for 
germination, but a common fate for those 
remaining on an exposed surface 1s to be 
eaten* Are there mechanisms that increase 
the probability with which they will end up 
in a better site? 

Recent work on ant dispersal of seeds 
(myrmecochory) strongly suggests that a 
major selective advantage 1s provided by 
the relocation of seeds to ant nests which 
are richer than surrounding souls in 
essential nutrients such as phosphorus, 
potassium and nitrogen?” Seeds end up 
on the soil or litter surface following 
dispersal and are then removed by ants 
which are attracted to nutritious tissues 
(elaiosomes) on the seed coat Once 1n the 
nest, the elatosomes are removed and the 
seeds abandoned, intact and viable, either 
in an old gallery or in the refuse pile® 

In a series of experiments with two 
myrmecochorous species of Viola, the 
fates of seeds taken into nests by ants were 
compared with the fates of seeds planted at 
random in the same habitats and it was 
found that seedling emergence 1s nearly 
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three times more likely from nests 
Furthermore, the seedlings emerging from 
ants nests are larger, and the probability of 
their surviving the first two years 1s 
considerably higher (0 14 against 0 03)7? 

Additional ant-mediated effects appear 
in a study of another myrmecochore, 
Sanguinaria canadensis This species can 
persist in disturbed habitats, where the 
primary ant dispersers are absent, by 
means of vegetative propagation but, in 
undisturbed forests, where seed-dispersing 
ants are present, profound changes in adult 
density, dispersion and patterns of 
reproduction are brought about i? Further 
beneficial effects also come from the 
greater chance that seeds relocated to nests 
will escape the attention of predators *+!! 

Myrmecochory may be much more 
widespread than has been thought Eur- 
opean and North American temperate 
deciduous forests and Australian 
sclerophyll shrublands have often been 
regarded as its lone strongholds !#/3, but 
we now know that ıt occurs commonly ina 
very wide variety of plant community types 
worldwide, from low to high latitudes and 
elevations in both the Northern and 
Southern Hemispheres? Myrmeco- 
chorous species are known from 80 plant 
families G(ncluding grasses and cacti) and 
may be trees, shrubs, vines, herbaceous 
perennials, annuals, hemiparasites, 
parasites and epiphytes Myrmecochores 
constitute 35 per cent of species in certain 
habitats, and up to 76 per cent of emergent 
stems 13-15, 

Invertebrate groups other than ants may 
have similar effects on the fate of seeds 
Scarab beetles (Scarabeidae) in the 
Cerrado of Brazil collaborate to roll and 
bury fruits The larvae mature by eating the 
pulp and the viable, intact seeds remain 


below ground!® Ground beetles 
(Carabidae), common ın many 
habitats !1>!8, store seeds ın the liming of 
their tunnels The function of this 
behaviour 1s obscure, but the seeds appear 
to remain unharmed !9-2! 

Earthworm burrows and casts are 
known to be richer in critical plant 
nutrients than surrounding soils°>* and 
many kinds of seeds are passed intact and 
viable embedded into the cast? Snails too 
may be of importance A series of 
experiments in which seeds were placed 
with captive snails showed that the 
overwhelming majority pass through the 
digestive tract to be deposited in the faeces 
intact 

We suggest ‘inhumation’ (Latin: 
humare = to cover with earth) may provide 
a useful term for the process described 
above While this process has been 
described for seeds passing through the 
guts of vertebrates such as birds, bats and 
various other mammals 2*?’, the inclusion 
of major and abundant invertebrate 
groups, such as ants, beetles, earthworms 
and snails, may make the process of 
inhumation far more important than 
previously supposed Mortality in plant 
populations 1s generally greatest among 
seedlings deprived of suitable microsites or 
sufficient seed reserves Inhumation may 
circumvent these dangers to some degree 
by increasing the probability that seeds are 
relocated to microsites already provisioned 
with nutrients oO 
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A beginner’s guide to major histocompatibility complex function 


from Polly Matzinger and Rose Zamoyska 


THE glycoproteins encoded by the major 
histocompatibility complex (MHC) are 
guides by which cells of the immune system 
distinguish both each other from all other 
tissues, and also all cells of the body from 
non-cells (such as bacteria, viruses, toxins, 
etc) These two different modes of 
discrimination require two different sets of 
MHC-coded cell surface molecules, Class I 
and Class II 
Class I molecules are characteristic of cells 
An example of the importance of the 
recognition of cells versus non-cellular 
material can be seen in the ımmune 
response to a virus infection, which 1s 
fought mainly by a subset of T lymphocytes 
called T killer cells This set of lethally 
destructive lymphocytes can kill virus 
infected cells before synthesis of new 
viruses 1s complete, thus preventing the 
spread of theinfection But how doT killer 
cells distinguish between virus infected 
cells, which they can destroy, and free virus 
particles, which they are powerless to stop? 
The T cell population consists of 
millions of constantly circulating lym- 
phocytes, each one bearing receptors able 
to bind to one particular three-dimensional 
structure This results in a heterogeneous 
population which can recognize a wide 
variety of foreign molecules Normally 
these T cells are quiescent and must be 
activated to become effective killer cells 
Their activation is not a simple process but 
requires the participation of a special 
accessory cell called the ‘‘antigen- 
presenting cell”? A virus entering the body 
1s picked up by the presenting cells which 
process it and present it to the roving T cell 
population Those few T cells which have 
receptors specific for viral structure will 
bind to the presenting cell Although there 
may be resting T cells which can bind to 
Virus alone, these are not activated Only 
those T cells which recognize both the Class 
I cell surface molecules and the viral 
structures on the presenting cell are 
induced to proliferate and differentiate 
into active killer cells Since induced T cells 
maintain their specificity, and since only 
those T cells which bind both viruses and 
Class I cell surface molecules are induced, 
the resulting activated killer cells are 
committed to the recognition of cell-bound 
virus Furthermore, activated killer cells 
are extremely precise 1n their recognition of 
both virus and MHC molecules, dis- 
criminating between closely related strains 
of virus and also distinguishing between 
different Class I alleles An anımal bearing 
a particular Class I allele ‘a’, for example, 
will produce killer cells which lyse infected 
target cells expressing ‘a’ but will ignore 
infected target cells bearing ‘b’ alleles This 
obligate recognition of foreign molecules 
in the context of MHC proteins 1s called 
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‘MHC restriction’ of T-cell recognition 
Nearly all tissues express Class I 
molecules and, if infected, can be 
destroyed by active T killer cells However, 
in many species, Class I molecules are not 
expressed by mature red blood cells (having 
no DNA, red cells cannot support virus 
replication) nor by sperm (although they 
are foreign invaders, sperm are usually 
welcome) 
Class II molecules are characteristic of cells 
of the immune system 
While T killer cells cope with cell-bound 
virus, antibodies secreted by activated ‘B’ 
cells deal with free virus particles In order 
to be activated, resting B cells require 
signals from a subset of T cells called (not 
surprisingly) T helper cells If aT helper cell 
specific for virus 1s to help a B cell make 
antibody against the virus, 1t must have the 
capacity to recognize not only the virus but 
also the B cell It would be futile for T 
helper cells to send signals to cells outside 
the 1mmune system (a virally infected liver 
cell, for example) so, unlike T killer cells, T 
helper cells do not recognize virus in the 
context of the ubiquitously expressed Class 
I molecules Instead they are limited to the 
recognition of virus in the context of Class 
II molecules, which are expressed mainly 
by B cells and antigen-presenting cells The 
activation of T helper cells may be 
described ın a similar way to the MHC- 
restricted activation of T killer ceils 
Circulating T helper cells encounter virus 
Structures on the surface of a presenting 
cell They are activated as a result of 
interacting with virus and Class II 
molecules on the presenting surfaces, and 
will subsequently assist virus-specific B 
cells carrying the same Class II molecules 
Class II genes were originally discovered 
as immune response (IR) genes, so called 
because animals which carried different 
MHC alleles differed in their abihty to 
make immune responses to certain foreign 
molecules This now appears to be ex- 
plained by the ‘guidance’ function of the 
MHC molecules It1s known that a foreign 
molecule may be recognized more 
efficiently with one Class I] allele than with 
another Animals bearing class II alleles 
that are poorly recognized in association 
with the foreign molecule will not generate 
activated T helper cells and will 
consequently be unable to produce strong 
antibody responses It has been suggested 
that an MHC molecule might be inefficient 
at presenting a particular antigen because 
the two molecules do not form a good 
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complex on the surface of the presenting 
cell or, alternatively, that a complex does 
form, but for various reasons there are no 
helper T cells able to recognize it 
How do MHC molecules activate T cells? 
There are at least two possible ways in 
which MHC proteins could act as T-cell 
activators 
1 Like hormones, they might work 
directly, activating any T cell which binds 
them 
2 The binding of MHC molecules by T 
cells may trigger the antigen-presenting cell 
to send activation signals to the bound T 
cell T cells binding virus alone would 
therefore not trigger the antigen-presenting 
cell and would not receive the activation 
signal The fact that both Class J and Class 
II molecules are transmembrane proteins, 
and the observation that not every cell 
expressing these molecules can act as T-cell 
inducers, support the latter possibility 
Further evidence that MHC molecules act as 
presenting cell triggers comes from 
transplantation experiments 

MHC genes, being highly polymorphic, 
are the major barriers to tissue trans- 
plantation T cells distinguish between the 
products of self and foreign MHC alleles 
with great precision, destroying any tissue 
bearing foreign MHC products The mag- 
nitude of this reaction 1s greatly reduced if 
the foreign tissue ıs first cleared of ıts 
resident presenting cells, even though the 
host’s presenting cells should be able to 
pick up the foreign MHC molecules and 
activate T cells against them Thus there 1s 
clearly a difference between a foreign 
MHC molecule ın its original presenting 
cell membrane and the same molecule 
when ıt 1s picked up and displayed by the 
host’s presenting cell Perhaps the rep- 
resented foreign MHC ıs no longer 
appropriately linked up inside the cell to act 
as a triggering device It would then be 
treated like any other foreign molecule, 
activating only those T cells which 
recognize ıt ın association with the host’s 
own MHC proteins Since the grafted 
tissue does not express these host MHC 
molecules, it would not be recognized by 
the activated T cells and would not be 
rejected 

What 1s it about their structure that 
allows MHC molecules to associate with so 
many foreign molecules? How 1s their 
structure related to their ability to act as 
triggering devices? Are T cells evolu- 
tionarily pre-programmed to look at them 
or are the specific T cells selected from a 
randomly generated population of resting 
cells? How many different MHC molecules 
are there? With the molecules and their 
genes in hand (see the following article) we 
may soon have the answers to these 
questions O 
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The evolutionary past of the major 
histocompatibility complex and the 
future of cellular immunology 


from Miranda Robertson 


THE penetration of the major histocompatibility complex (MHC) with cloned DNA probes 
has opened up a new approach to an old evolutionary problem — how to account for the 
unparalleled polymorphism of the cell-surface antigens it encodes This spring, 
representatives of the main laboratories involved met in Oxford* to compare notes, and to 
discuss their strategies for research on the functions of the MHC products 


It 1s now generally accepted that in the 
remote evolutionary past, three of the four 
most prominent families of proteins of the 
immune system must have evolved from a 
single immunoglobulin-like domain The 
largest and most complex of the three 
related families — that of the 1mmuno- 
globulin genes —— is now scattered over 
three different chromosomes, the other 
two — the so-called class I and class II 
MHC antigens — are encoded together in 
the major histocompatibility complex 
(Fig 1), along with some of the fourth 
family — the components of complement, 
which so far seem to be structurally 
unrelated to any of the others The 
sequences of cloned MHC DNA have 
strongly reinforced the evidence for the 
common ancestry of the immunoglobulins 
and the class I and class II antigens, the 


*A meeting on the ‘Cloning of the HLA and H-2 Regions’, 
organized by W F Bodmer and sponsored by the Imperial 
Cancer Research Fund and the European Molecular Biology 
Organization, was held ın Oxford on March 21-24 1982 


present state of knowledge on the structure 
of the MHC genes, their products and their 
relationships with immunoglobulin genes 
are summarized in Fig 2 But most of the 
discussion at Oxford focussed on the much 
more recent evolutionary history of the 
MHC, and in particular on the 
polymorphism of the class I and class II 
antigens 

According to genetic and biochemical 
analysis, there are 30-60 alleles at each of 
the polymorphic loci encoding the class I 
antigens, and perhaps 12-40 at each of the 
class II loa Why and how has this 
extraordinary polymorphism been 
maintained in mammalian evolution? An 
answer began to emerge with the relatively 
recent discovery that the MHC antigens 
guide and regulate the immune response 
(see legend to Fig 1) Itis known that the T 
lymphocytes that kill virus-infected cells, 
as well as those that regulate the responses 
of other lymphocytes to antigens, can 
recognize foreign antigens only in 


association with MHC molecules (see 
preceding article) It has also been possible 
to show that a given foreign antigen may be 
more efficiently recognized ın association 
with some MHC alleles than with others 
Thus an animal heterozygous for MHC 
antigens may respond efficiently to a wider 
range of pathogens than a homozygote, 
and poymorphism may be maintained by 
heterozygous advantage The 
polymorphism may be stable, or the MHC 
molecules may have to evolve rapidly to 
keep pace with pathogens that are 
continually evolving ways to evade 
recognition, so that advantageous new 
variants are continually selected A deeper 
understanding of the selective pressures at 
work on MHC molecules will require a 
much better appreciation of the 
mechanisms of recognition and destruction 
of pathogens, and this 1s likely to be the 
reward of one of the new techniques 
discussed at Oxford For it 1s now possible 
to transform cultured cells with cloned 
MHC genes, and the use of manipulated 
genes in such experiments may settle these 
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Fig 1 The major histocompatibility complex (MHC) of mouse and man The MHC molecules can be divided into three classes on the basis of their structure and function 
The class I antigens constitute a single class structurally (see Fig 2a), but fall into two functional groups The first of these contains the ‘‘classical”’ class | antigens, first 
discovered as the transplantation antigens and now known to function as target antigens m the recognition and destruction of virus-infected cells by cytotoxic T 
lymphocytes They are expressed on virtually all somatic cells The second group of class I antigens, loosely defined as lymphocyte differentiation antigens because of their 
tissue distribution, have no known function The class I] antigens are expressed largely on B lymphocytes and macrophages of the immune system, and are belreved to be 
essential for presenting antigen to the helper and suppressor T cells that regulate the immune response The class III products are components of the complement system 
These maps are based on serological and biochemical data 1t 1s now known that the MHC contains other class I sequences not detectable serologically Moreover, not all 
mice express all the genes indicated on the H-2 map some strains are known to lack a functional L gene, and the evidence for a second K gene is extremely indirect! TheJ 
gene 1s the most problematic of all because 1ts product has eluded all attempts at biochemical identification Because its determinants have been detected on candidate 
T-cell receptor molecules and antigen-specrfic factors, the J product has become something of an immunological holy grail Now that Steinmetz has a probe for the 
neighbouring Ea gene (see text), he proposes to walk down the chromosome to the J locus this should settle the question of whether there 1s anything there (disputed by 
Klein et al ^) The exact distance he will have to walk 1s not certain 
In the mouse, different groups of alleles have been segregated into inbred strains, each linked group (haplotype) being designated by a superscript letter Thus B 10 
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and other fundamental questions that have 
resisted the efforts of cellular mmuno- 
logists for many years 

But in the meantime, sequence analysis 
of the cloned DNA more directly addresses 
the question of how — rather than why — 
the polymorphism has arisen 
Immunogeneticists have speculated, for 
example, that the alleles may not be alleles 
of a single gene at all, but tightly linked 
clusters of different genes’ This 1s now 
ruled out The class I genes do occur in 
clusters of related sequences, at least in 
mouse’, but although there are at least 
twice as many class I sequences as would be 
predicted from genetic analysis, there are 
not enough to account even for a 
substantial fraction of the serologically 
detectable alleles The extra class | 
sequences thus pose a fresh evolutionary 
problem — particularly in the light of 
preliminary evidence that the class ll 
antigens, by contrast, have few or no 
supernumerary relatives in the genome 
The nature and significance of the 
extended class | gene family was one of the 
main topics of discussion at Oxford 
Evolution of the class I genes 
The class ] genes seem to constitute a large 
and complexa family 1s a state of evolu- 
tionary flux In all genomes for which 
DNA probes are available, there are at least 
twice aS many sequences hybridizing with 
class | probes as there are class | genes on 
the genetic map Pigs (D Singer, US 
National Institutes of Health, Bethesda) 
and men!’ probably have 15-20, and mice 
have as many or more, depending on 
strain The largest and most complex class | 
family discovered so far 1s that of the 
BALB/c mouse, which has 36 hybridizing 
sequences organized in 13 clusters’, the 
B 10 mouse, by contrast, may have only 
15-20 (R Flavell, National Institute 
for Medical Research, London), and 
comparisons between restriction maps 
from other strains reveal yet more 
variation’ 

This evidence for a history of recent 
duplications and deletions is strongly 
reinforced by two features of the sequence 
clusters first, more homologous genes 
seem to be clustered together, and second, 
the noncoding DNA flanking the clustered 
genes is often strikingly homologous!! 
According mainly to restriction mapping, 
the duplications seem to be concentrated 
largely at the Qa/TL end of the mouse 
MHC (M Steinmetz, Caltech, Flavell, D 
Schulze, Albert Einstein Medical School, 
New York), and preliminary analyses of 
human cell lines!® suggest a similarly 
shewed distribution in man 

Now that the sequencing of genomic 
class I DNA has begun, ıt ıs becoming clear 
that a substantial proportion of the class I 
family may be pseudogenes Of the three 
BALB/c genes that have been sequenced, 
two encode functional Lt antigens!?-"4 and 
one is a pseudo-Qa gene Of four human 
class I genes sequenced (or partially 
sequenced), one encodes an A2 antigen, 


one a B7, one ıs clearly a B pseudogene and 
the fourth may be another pseudogene (A 
Biro, Yale University, and ref 15) 

Why should so many cousins of the class 
I genes — some evidently nonfunctional — 
have been maintained in the mammalian 
genome if they do not contribute to MHC 
antigen polymorphism? The answer 
favoured by most of those working on 
them is that in fact they do, but indirectly 
W Bodmer (Imperial Cancer Research 
Fund, London) has speculated that variant 
proteins might be produced by differential 
splicing of primary transcripts containing 
more than one gene There is so far no 
evidence for this On an evolutionary 
timescale, L Hood (Caltech) has pointed 
out that polymorphism could be increased 
by the tendency of partially homologous 
sequences to recombine, in particular by 
unequal crossing-over? Others (P 
Kourilsky, Pasteur Institute, and refs 12 
and 16) propose, more specifically, that the 
genes and pseudogenes at the Qa and TL 
regions of the mouse may represent 
‘reservoirs of polymorphic variation’ that 
can be tapped by means of gene 
conversion Since the nature and 
implications of the evidence for gene 
conversion attracted more discussion than 
any other speculation on class I gene 
evolution, it is worth recapitulating briefly 
how it ıs believed to work 

Gene conversion, originally found m 
fungi, 1s a mechanism by which genetic 
information can be transferred from one 
gene to another related gene anywhere in 
the genome — although allelic genes and 
members of tandem families are the most 
hkely recipients It ıs believed to occur 
through pairing between partly 
homologous sequences during meiosis or 
mitosis, followed by mismatch repair 
resulting in the conversion of one sequence 
to the other There have recently been 
Increasing indications of such cross-talk 
between different members of gene 
families in the course of vertebrate 
evolution, the evidence for gene conversion 
in the MHC rests chiefly on the discovery 
of clusters of substitutions, detected both 
at the protein and at the DNA level, in 
individual genes 

For example, J L Strominger (Harvard 
University) finds a cluster of nine residues 
in which the HLA~A2 allele differs from 
the HLA-A28 allele but ıs identical to the 
non-allelic HLA-B7 Gene conversion ıs 
one way of explaining how clustered dif- 
ferences between alleles could be identities 
between related tandem genes Sull at the 
protein level, S Nathenson (Albert 
Eimstein Medical School, New York) 
quoted the case of ‘mutant’ mice from 
inbred strains showing multiple sub- 
stitutions in MHC antigens!’ — a pattern 
that 1s not consistent with point mutation 
and has the additional and highly 
Suggestive peculiarity that the same 
substitutions seem to occur repeatedly in 
different mice 

Some preliminary comparisons of 
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mutant protein sequences and recently 
cloned genes now strongly suggest that the 
mutant sequences derive from other genes 
D Margulies (US Nationa) Institutes of 
Health, Bethesda), for example, com- 
paring a cloned H-2L% gene from a 
BALB/c mouse with the H-2K?® antigen of 
the B 10 mouse, and with mutant H-2K 
antigens, finds that in 9 out of 10 cases, 
differences between wild-type and mutant 
K? sequences are identities between the 
mutant and H-~2L sequences Further 
eccentric relationships between H-2 loci 
are revealed by a comparison of the same 
H-2L gene with other class I sequences 
they show that the BALB/c H~2L? gene is 
more closely related to the H-2D* gene of 
the CS7BL/6 mouse than to other class | 
genes of its own strain’? There are two 
possible explanations for this The first ıs 
that an exchange of information took place 
between an H-2L¢ gene and an H-2° 
gene before the development of the inbred 
strains that segregated all the H-2 genes 
into BALB/c and all the H-2 genes into 
C57BL/6 Alternatively, the H-2L? gene 
may have been converted by an 
unexpressed pseudogene within the 
BALB/c MHC 

In the hght of these possibilities, both 
Margulies and Flavell are focusing their 
attention particularly on anfl~2K mutant, 
H-2K°™, that arose within the B 6 mouse 
strain H-2bmi contains two amino acid 
substitutions that entail at least four base 
changes (so that point mutation 1s 
unlikely), and are homologous to the 
BALB/c H--2L% gene Because the 
mutation occurred within the B 6 strain, it 
cannot be due to conversion by an H-2% 
chromosome, and may be due to 
conversion by an L? gene or an L-like 
pseudogene in the B 6 chromosome This 
hypothesis can be checked by searching the 
B 6 MHC with the appropriate probe 

Gene conversion 1s in fact also an 
alternative explanation for the strong 
homologies seen in the flanking regions 
and introns of MHC genes, since con- 
version would be expected indiscriminately 
to homogenize coding and moncoding 
DNA Indeed, the difficulty of 
distinguishing between crossing-over and 
conversion as the mechanism underlying 
any of the genetic exchanges in the MHC 
was repeatedly stressed by W Bodmer 
(Imperial Cancer Research Fund, 
London) To produce a cluster of 
subsitutions with no change in gene 
number ıt would be necessary to postulate 
double unequal crossing-over, which may 
seem cumbersome and improbable, but 
there 1s no way in which to distinguish 
formally between that and gene conversion 
in higher animals (For a particularly lucid 
exposition of the effects of crossing-over 
and conversion on gene copy number, see 
ref 18 ) The discovery of gene conversion 
in fungi was possible only because in some 
species the products of a single meiosis 
remain in a tightly clustered tetrad ın which 
any departure from mendelian ratios ts 
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directly detectable It was the occasional 
observation of tetrads in which the 
expected 2 2 ratio for a given allele proved 
to be 3 1 that revealed the occurrence of 
gene conversion between alleles 

Such precise analysis ıs not possible in 
mice, in which each off spring in a litter 1s 
probably the product of a quite different 
meiosis, and the mendelian ratio for a given 
litter cannot be expected to be exact The 
stability of mendelhan ratios averaged over 
large numbers 1s, however, notorious, 
which shows that gene conversion must be 
rare, and raises a further problem, also 
emphasized by Bodmer While various 
mechanisms can account for the creation 
of pseudogenes and the conversion of 
functional ones, ıt may be much more 
difficult to account for the spread and 
fixation of these rare genes in the 
population Selection does not anticipate, 
so the pontential advantage of 
pseudogenes as a bank of variants could 
not drive a non-functional gene to fixation 
There are various general ways of 
explaining the fixation of genes in the, 
absence of selective pressure one is 
through the founder effect, in which a large 
population grows from a few individuals 
derived from a rare mutant, another 1s the 
hitch-hiker effect, in which the event that 
creates a nonfunctional gene or a mutation 
also produces an effect in a closely hnked 
locus that confers an immediate selective 
advantage The non-mendelian mode of 
inheritance of converted genes may be very 
important in this connection, since it could 
accelerate spread provided that conversion 
were more probable in one direction than 
in the other 

But a more specific, and much more 
controversial possibility was raised by G 
Jay (US National Cancer Institute, 
Bethesda), who presented data implying 
that at least some pseudogenes may not be 
pseudo at all, but coding sequences for 
secreted products 
When Is a gene not a gene? 
The basis for Jay’s suggestion is a cDNA 
clone derived from the SWR/J mouse!? 
and whose sequence 1s broadly homo- 
logous to those of the H-2K and H-2D 
genes up to the transmembrane region 
Here, through a series of substitutions and 
deletions, it encodes hydrophilic residues 
instead of hydrophobic ones, and 
moreover contains a stop codon The 
cDNA was originally synthesized by 
reverse transcription from liver cell 
mRNA, and Jay now reports that liver 1s 
the only tissue in which the gene 1s 
transcribed, thus the tissue distribution of 
its product would be quite unlike that of 
the known H-2K and H-2D products, 
which are ubiquitous This, and some 
recent (and rather controversial) evidence 
that liver transplants may suppress graft 
rejection’, led him to propose a function 
for the product ın the induction of immune 
tolerance At this stage, however, there 1s 
only indirect evidence that the transcript 1s 
actually translated or secreted Jay findsa 
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Fig 2 Schematic diagrams of the class | (a) and class II (6) antigens, drawn so as to emphasize the 
probable homology of their quaternary structures Each molecule has four domains el, a2, a3 
and §, microglobulin for class I molecules, and a1, a2, 81 and 82 for class Il molecules a, Class | 
antigens are composed of an a-chain that ın the case of the classical antigens 1s very highly 
polymorphic The a-chain spans the plasma membrane, but can be expressed on the cell surface 
only in association with #,-microglobulin, a highly conserved molecule encoded outside the 
MHC and indeed on a different chromosome (2 ın mouse, 15 in man) f,-microglobulin, which 
does not span the membrane, was early recognized as having considerable homology in general 
domain structure with immunoglobulin (it has been described as an ‘‘orphaned immunoglobulin 
domain’’) More recently, the a3 domain of the #-chain has also been shown to be homologous to 
immunoglobulin? b, The two chains of the class IJ antigens are both encoded ın the MHC, and 
both span the plasma membrane The a-chain 1s relatively non-polymorphic, the $-chain highly 
polymorphic Homology to immunoglobulin has been demonstrated in the a2 domain (A 

Korman, Harvard University D Larhammar, Uppsala University) and ın the 82 domain*® The 
domain boundaries of the proteins correspond to the exon-intron boundaries of the DNA of all 

chains for which genomic clones are available (c and d) 


protein of the right size ın serum, but ıt has 


not been fully characterized and 1s not 
known to be secreted by liver cells 
Although for the tıme being participants at 
the Oxford meeting were inclined to be 
sceptical about the proposed function of 
the liver transcript, ıt did lead to a 
reexamination of the criteria used to 
identify pseudogenes, and ıt focused 
attention on some interesting features of 
the 3’ end of the MHC gene sequences 

A pseudogene can be identified by (1) 
the deletion of coding sequences, (2) the 
presence of termination codons in coding 
sequences, and (3) non-conservation of the 
RNA splicing signals at intron~exon 
junctions The pseudo status of the HLA 
gene sequenced by Biro, which in any case 
has a frameshift mutation ın the first exon, 
is by these criteria unassailable The mouse 
sequence of Steinmetz et al `! is a more 
ambiguous case Its departures from or- 


thodoxy do not begin until its trans- 


membrane exon, which encodes one 
charged residue that ought to be hydro- 
phobic, and contains a termination codon 
The remaining mutations — another stop 
codon and a non-conserved splice site — 
occur 3‘ to the transmembrane exon, so 1t 1s 
not impossible that this pseudogene 
encodes a secreted product 

A question of paramount importance 1s 
thus how cloned genes can be assayed 
quickly for function This question was 
raised by Hood in the context of an 
interesting drawback that has just come to 
light in the use of transfected cells for this 
purpose The technique depends on the 
ability of transfected mouse L cells to 
express the cloned gene on their surfaces, 
where the product can be detected 
serologically! 3 or indeed function as a 
target for H-2-restricted virus-specific 
cytotoxicity?! However, Goodenow now 
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reports that transfection of L cells with 


cloned DNA containing only the 5’ half ot 
a class I gene has resulted ın the surface 
expression of a new class I molecule How 
the incomplete gene contrived to pick up 
the necessary 3’ half containing the 
transmembrane sequences 1s a mystery To 
avoid being misled by such rescued genes ın 
the future, Hood suggests sequencing the 
most variable regions of cloned genes, 
synthesizing the corresponding peptides, 
raising monoclonal antibodies against 
them, and using the antibodies to test for 
expression on tissue cells While this would 
not abolish false positives (because of the 
possibility of cross-reacting determinants), 
it should reduce them (Not everyone, of 
course, has access to all the necessary 
facilities) 

But the most exciting application of 
transfected L cells will be in the elucidation 
of MHC antigen functions by reverse 
genetics Both Hood and Flavell gave 
notice of their intention to manipulate the 
sequences and reshuffle the exons of 
cloned genes in order to establish what 
these manoeuvres will do to the functions 
of their products 

Of particular interest is the part played 
by the cytoplasmic domaims in immune 
function, because (for example) if the 
recognition of an MHC antigen triggers a 
signal from the recognized cell, 1t must be 
the cytoplasmic domains that mediate the 
release of the signal Furthermore, there 
are hints of alternative splicing or 
termination sites at the 3’ end of the MHC 
sequences Malissen ef al '3 have 
suggested, rather indirectly from 
comparisons of human genomic with 
mouse cDNA, that the pattern of splicing 
of the three cytoplasmic exons may vary — 
an idea that 1s now supported by com- 
parisons with humancDNA (J Trowsdale, 
ICRF), and Steinmetz et al !! have 
evidence that the last intron may not always 
be removed from mouse transcripts of class 
I genes There 1s no easy way to check what 
is normally transcribed from most of the 
genomic clones, because the probes used to 
obtain them are in many cases from a 
different gene or even species This also 
makes ıt dificult to check for cloning 
artefacts that might account for some of 
the unexpected features of the genes To 
resolve these questions, it will now be 
necessary to go back and synthesize cDNA 
from the messengers transcribed from the 
cloned genes themselves ın the cells that 
normally express them 
Class IT genes and conservation 
Cloning of the class II genes has only just 
begun, but ıt ıs clear even at this stage that 
unlike the class I genes they correspond 
more nearly in number to their known 
products Probes for the e-chain genes 
have consistently revealed only one 
strongly hybridizing band in man (A 
Korman, Harvard University, H Ehrlich, 
Cetus, D Larhammar, Uppsala Univer- 
sity, J Lee, Imperial Cancer Research 
Fund, London, C Wake, Geneva 


University) and in mouse (Lundt, NIMR, 


London, Steinmetz, Seidman) The 
strongly hybridizing band in man has been 
detected using a DRa gene, which 1s homo- 
logous to mouse JEa Three additional 
bands have been detected by Trowsdale 
under relaxed hybridization conditions 
One of these may be the DCI gene — the 
putative human homologue of the mouse 
TAq it 1s present in a different genomic 
clone from that containing the DRa gene, 
and may be homologous to a cDNA clone 
identified by preliminary sequence analysis 
as DCI (C Auffray, Harvard University) 
The identity of the third band 1s unknown 
There 1s some uncertainty about how many 
human class Il a genes to expect, so three 
would not be a major surprise But two 
surprises have been delivered by human 
a-chain clones Korman and Lee have 
shown that there are two polyadenylation 
signals in the 3° untranslated cDNA 
sequence, which may explain preliminary 
evidence from Lee for DRa mRNAs of 
different lengths The significance of this 
finding 1s not known 

The second surprise ıs a DRa cDNA 
clone contaimng a termination codon 
before the hydrophobic sequence (Lar- 
hammar) This could be interpreted as 
corresponding to a transcribed pseudo- 
gene, or to a real gene encoding a secreted 
product, or ıt may be a cloning artefact 
The last possibilty has to be taken 
particularly seriously in this case, because 
of the small size of the DRa family 

The absence of large numbers of extra a 
loci may not be entirely surprising, m the 
light of the preceding evolutionary 
speculations, since the a chains of the class 
Il antigens are relatively non-polymorphic 
But the B-chains may have as many as 
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20-40 alleles per locus, yet so far neither 
man (L Rask, Uppsala University, E 
Long, Geneval University, and ref 22) nor 
mouse (Lundt, National Institute for 
Medical Research, London, L Clayton, 
Massachusetts Institute of Technology) 
seems to have more than two or three 
hybridizing sequences If polymorphism 
depends on frequent crossing-over, or a 
reservoir of variant sequences for gene 
conversion, why 1s the class II gene family 
not as large as the class I family? There are 
two possible answers The preliminary 
estimates on gene number may be wrong 
(evidence from protein sequences suggests 
six to eight genes, rather than two or three 
in man?3), or hybrids between different a- 
and §-chains may conceivably make a 
significant contribution to phenotypic 
polymorphism, obviating the need for so 
large a genetic source 

It 1s, however, worth noting that not 
everyone would expect the high poly- 
morphism of the MHC to be associated 
with rapid evolution J Klem has argued 
from genetic analyses of wild mice that 
MHC polymorphisms are extremely stable 
in evolution, that neither mutation nor 
recombination ts frequent, and indeed that 
the different allelic variants of the MHC 
antigens may have diverged before mouse 
diverged from man?* In short, the 
mammalian MHC must have undergone a 
period of expansion and divergence early in 
its evolution, but long ago have become 
maximally adapted to deal with the 
prevailing pathogens It may therefore be 
necessary to look elsewhere for an 
evolutionary explanation for the structure 
of the MHC 

One possibility that has to be faced 1s 
that ıt may have no adaptive significance at 
all, and merely represents a tableau of the 
processes everyone has assumed must 
underlie protein evolution It ıs generally 
accepted that families of structurally 
related but functionally distinct genes must 
have evolved by duplication and diver- 
gence (as indeed so many of the genes of the 
immune system presumably evolved froma 
privaeval immunoglobulin-like domain), 
and there 1s every reason to suppose that 
during the period of divergence one of the 
duplicated genes would have become non- 
functional, through an accumulation of 
the termination codons, frameshifts and 
deteriorated splicing signals that charac- 
terize pseudogenes Gene conversion 
offers a mechanisms for correcting many 
such disabling mutations ın one step — 
thus enabling the diverging gene to be 
‘tested’ at intervals for new functions?> 
The random introduction of new stop 
codons or poly(A) addition sites could 
produce shorter or longer molecules, or 
transform a membrane-bound toa secreted 
molecule if they occurred before a region 
encoding hydrophobic residues Since we 
assume that such processes are random, we 
should not necessarily expect every 
transcribed or even translated gene to 
contribute to survival 
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: Interspersed repetitive sequences are represented widely in animal cell nuclear RNAs, in the poly(A) 
__ RNA stored in eggs and in some mRNAs. Their expression is developmentally modulated. Although 
the genomic location of repetitive sequences may change rapidly during evolution, the patterns of : 
_ their transcription suggest a variety of possible functions. | 






























HE repetitive DNA sequences of the animal genome are 
ctensively represented i in cellular RNA. The patterns of repeat 
ce expression have been known for some years to vary 
lopment, and from tissue to tissue’, However, until 
bes became available, it was usually not possible to 
igate specific repeat sequence families, or to distinguish 
antitative developmental changes in repetitive sequence 
xpression (that is, changes in the number of repeat transcripts 
Ob given sequence families) from qualitative changes (differen- 
ees. in the identity of the repeat sequence families represented 
NA). The availability of repetitive sequence clones, each 
ig a single family of more or less homologous sequen- 
ow opened new areas of investigation. The. typical 
«contains several very different kinds of repetitive 
ranscript, including (1) mRNAs derived from families 
structural genes, such as the histone or actin mRNAs; 
ll nuclear RNAs (snRNAs), usually only a few 
cleotides or less in length and transcribed from 
f certain specific repetitive sequence families; and 
‘ogeneous nuclear RNAs (nRNAs) and some cytoplas- 
oly(A) RNAs that include repeat sequence transcripts. 
latter RNAs are generally relatively large [1 to 
kilobases (kb)], and are believed to be transcribed by 
merase II. This brief review is focused mainly on this 
heterogeneous class of repeat transcripts, the very existence of 
which remains a major puzzle of molecular biology. 











“In sterspersed organization and diversity of 
ranscribed repetitive sequences 


The population of RNAs present in the cell nucleus has a 
o _ predominantly interspersed sequence structure. Covalent link- 
age of various short repeat sequence elements, typically only 
= a few hundred nucleotides long with transcripts of single copy 
sequences from the same genomic transcription unit has been 
. shown for the nuclear RNA of HeLa cells™*, sea urchin 
-= embryos® and rat ascites cells’, An interspersed sequence 
me _ Organization i is also characteristic of the maternal poly(A) RNA 
stored in sea urchin®? and amphibian’® eggs. The sea urchin 
egg poly(A) RNA transcripts that include repetitive sequences 
average 5-10 kb in length and consist of repeat elements a few 
hundred nucleotides long, interspersed with sequences 
bridizing to single copy DNA (ref. 9 and J.W-P. et al., 
npublished data). Both complements of many or all of the 
scribed repetitive sequences are represented in the inter- 
RNAs, though generally in different molecules. There- 
ege poly(A) RNA molecules can be renatured to form 
multimolecular structures that can be visualized in 
n microscope (Fig. 1a). 
i he. ee poly(A) RNAs of sea. urchin 
3 clude. “copy or. near-sin le 
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qualitative developmental 


sequences later found on embryo polysomes”"”, it is not yet 


clear whether any of the repeat elements themselves a 
included in polysomal embryo mRNAs (see, for example, refs 
9,11-15). Interspersed repeat transcripts have been dem 
strated unequivocally in the mRNA of the cellular slime mould 
Dictyostelium'*"*. Firtel and his associates identified 
specific families of short repeat sequences at the 5‘ ends of 
of mRNAs, most of which consist of otherwise unrelated sing 
copy transcripts’ “7 However, in at least one of these Dict 
ostelium mRNA families, repeat sequences are represente 
only in an asymmetric fashion, so that although the transcribed 
repeats are dispersed in the genome only one complement i 
found in the mRNA”. There is also evidence that in human 
lymphoblastoid cells, about half the polysomal poly(A) RNA 
contains repeat sequences, some of which may belong | to the 
high-frequency Alu repeat family’. The Alu family?” is al 
expressed prominently in HeLa cell heterogeneous nRNA’ 
Members of the Alu repeat sequence family apparently co 
promoters for polymerase III and are represented in a m 
family of snRNAs* 75, the 78 snRNAs. 

Almost nothing is known of the diversity of the transcri 
repeats represented in the interspersed RNAs of human âi 
other mammalian cells. Most recent studies have focused 
only one of the large number of repetitive sequence fam: 
present in these genomes (J. W. Roberts, R. Hudspeth, E-F 
and R. J. Britten, unpublished data and refs 26,27), the. 
repeat family or (in other species) its close relatives. However, 3 
several different repeat sequence families are represented m 
the poly(A) RNA of human lymphocytes™. Direct measure- 
ments*®?? show that in the sea urchin, at least a few hundred ; 
different repeat sequence families are represented prominently 
in egg poly(A) RNA. Of importance in considering the 
significance of repeat sequences is the recent finding that only 
a few members of each family may actually be transcribed to | 
any extent (J.W.P. ef al., unpublished data). Figure 15 displays 
sea urchin egg and embryo RNA blots carried out with the 
separated strands of a cloned probe containing a typical short 
repetitive sequence. Each of the several transcript species 
visualized derives from a different member of the large repeat 
sequence family represented by the probe. Both strands of- 
given repeat sequences occur in the interspersed RNAs, as. 
indicated in parts a and b of Fig. 1, because some of the diverse 
transcription units including these repeats are oriented in one. 
direction with respect to these particular repeat sequences, 
while others are oriented oppositely. : 


Developmental regulation 


Complex as it is, the pattern of interspersed repeat sequence 
transcription is by no means constitutive and unchanging. Com: 
parison of the second and third tracks in Fig. 1b revea 
change in the expression of 
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ing interspersed repetitive sequences, a, Poly(A) RNA of mature 
Xenopus oocytes, renatured to RNA Cot 600 and spread for 
electron microscopy from 80% formamide'®. A distance of 1 cm 


¿branched mutimolecular RNA networks are held together by 
¿`> base-paired repetitive sequence duplexes, and include about 70% 


that structures similar to these are formed when nuclear RNA is 


> renatured. b, RNA gel blots using separated strands of a short 
interspersed repetitive sequence clone called CS2109B. Left, ‘L’ , 
-strand reacted with egg poly(A) RNA; centre, the complementary _ 
‘UO’ strand reacted with the same RNA; right, the same strand as | 
used in the centre track reacted with blastula stage embryo poly(A) ` 
RNA; the exposure of the blastula track is several-fold lower- 


(unpublished experiments of J.W.P., R. J. Britten and E.H.D.). 


probe*”. 


"found for each of n 


Fig. 1 Characteristics of egg and embryo poly(A) RNAs contain- ` 


represents a single-stranded RNA length of 870 nucleotides. The - 


of the total oocyte poly(A} RNA. Fedoroff et al.* showed earlier | 


c, Relative extent of expression (‘per cent representation’’’) of | 
the ‘U’ strand of the 2109B repeat sequence in gastrula nuclear 
RNA and adult intestine cell nuclear RNA, compared with egg 
RNA, from molecular titrations carried out with the cloned 











itional members of the family. Scheller et al.” 
2 ine sea urchin repeat clones a unique pattern 
of representation in embryo nuclear RNA, which differed in 
adult intestine cell nuclear RNA and again in egg RNA. Rep- 
resentative data are shown in Fig. 1c for the same clone as 
used for the RNA gel blots in Fig. 1b. In fact, the embryo and 
adult intestine nuclear RNAs of the sea urchin are much more 
easily distinguished by their differing contents of specific repeat 
sequence transcripts’’ than by their largely overlapping sets of 
single copy sequence?” 

A second system in which developmental regulation of repeat 
sequence transcripts has been observed is Dictyostelium. One 
of the mRNA sets sharing a common repeat sequence’’ is very 
rare in vegetative cells but becomes increasingly prevalent as 
development proceeds, beginning at ~5 h (A. R. Kimmel and 
R. A. Firtel, personal communication). RNA gel blots carried 
out with single copy probes obtained from two of these tran- 
scripts show that both appear at about the same time. The 
developmental change in the abundance of this set of mRNAs 
is about 10-fold. Zuker and Lodish’® also reported develop- 
mentally regulated sets of interspersed cytoplasmic Dicty- 
ostelium poly(A) RNAs, each of which is defined by the pres- 
ence of a particular repeat sequence. At least some members 
of these sets are ‘coordinately regulated’, to the extent that in- 
one case, the multiple transcripts cannot be detected in vegeta- 
tive cells but appear by 5.5h of development, while another 
set appears only by 15h. 

Developmental regulation of a different kind of repeat 
sequence transcript has been reported in Drosophila. These 
transcripts are exemplified by the poly(A) RNAs carrying the 
copia sequence, The copia repeat sequences are about 5 kb 
long, and are apparently able to transpose at a relatively rapid 
rate, as their location in the genome as well as their number 
difer among Drosophila strains and among tissue culture cell 
lines**°*. Structural features of the copia element and its sites 
of insertion are reminiscent of other eukaryotic and prokaryotic 
transposable elements*’**. The copia sequence is transcribed 
into cytoplasmic poly(A) RNAs ~2 and 5 kb long, and at least 
the 2 kb RNA can be translated, and thus, is thought to be an 
mRNA”. The copia transcripts differ basically from the repeat- 
containing RNAs thus far mentioned in that they do not have 
an interspersed sequence structure. The 2 and 5 kb transcripts 
begin and end within the copia repeat sequence element”. 
Flavell et al.™ and Scherer et al.” have reported that the level 
of copia transcripts is modulated during development. These 
transcripts are not detectable in early embryos but appear after. 
10 h, and they are most concentrated in larvae. Developmental 
patterns of regulation have also been reported for transcripts 
of at least three other Drosophila long repeat sequence families 
that appear to be transposable and to share the general features 
of the copia sequences*?*", 





Are repeat sequence transcripts biologically 
significant? 


The observation that repeat sequence expression is correlated 
with developmental change does not, of course, demonstrate 
function, though repeat sequences might seem much less inter- 
esting were their transcription non-existent or invariant. Clearly 
there are diverse kinds of developmentally regulated repeat 
sequence transcript, the properties and potential significance 
of which must differ in basic ways. The 5’ location of the repeats 
and their asymmetric representation in the Dictyostelium 
mRNA sets studied by Kimmel and Firtel'’, and the apparent - 
coordinate expression observed both for these transcripts and - 
the mRNA sets studied by Zuker and Lodish"’, led both groups 
to suggest that Dictyostelium mRNA repeat elements serve as 
coordinate regulatory sequences*'. Such arguments are unlikely 
to pertain to copia-like repeats because these elements mainly 
promote transcription of their own sequence. On an evolution- - 
ary scale, of course, the presence of transposable elements that ` 














ement (and perhaps additional flanking sequences) in 
gion of the iso-2-cytochrome c gene causes this gene 
e brought under the positive control of diffusible regulators 
m the mating-type locus. 
There are two opposing attitudes towards the significance of 
_ the interspersed short repeats lying in and around the transcrip- 
_ tion units of animal genomes“, As proposed originally by 
Britten and Davidson**, interspersed repeats seem to ‘diffuse’ 
around the genome during evolution. Recent relevant evidence 
_ includes the findings that the family sizes of specific interspersed 
. repetitive sequences differ strikingly between related sea urchin 
_ species’; the mammalian Alu repeat sequences and their 
_ homologues are flanked by brief terminal repeats similar to 
those that surround known transposons”; and in human*’ and 
monkey” cells, these same sequences can be recovered from 
sed circular extrachromosomal DNA, just as copia sequences 
found in closed circular DNA of Drosophila cells”. Thus 
of interpreting the developmental modulations ob- 
spersed repeat transcripts is simply to conclude 































hundreds of thousands, or, in some genomes, 
f short repeat elements are some that happen to have 
sposed, harmlessly, into developmentally modulated 
inscription units. Though functionless, these repeat elements 
_ would be transcribed merely because they lie in the path of the 
_ polymerase. Thus, for example, interspersed repeats are known 
-to be present in intervening sequences of several genes, includ- 

ng those for vitellogenin®®, growth hormone™ and conal- 
such repeats would be included in the primary nRNA 
from these genes, and their expression would clearly 
levelopmentally modulated, because those genes are 
ily in certain cell types. The alternative view is that it 
e premature to conclude that because molecular biology 
not yet demonstrated a functional role for interspersed 
t transcripts, none exists in the cell. Hidden within the 
ast networks of sequence homology formed by dispersed 
enomic repeat families there might be small subsets of 
omologous sequence elements that serve as receptors for 
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The proposition that 











evolutionarily rapid redistribution suggests that many inser 
and deletions are without phenotypic effect, and thus it 
reasonable to suppose that even if some repeat element 
large families were to perform regulatory functions of so: 
kind, most of their homologues are without function. = = 
The interspersed transcripts stored in mature eggs ar 
especially interesting from the standpoint of possible function, 
because they represent the major part of the mass of the egg 
poly(A) RNA, and result from accumulation during a jong 
period of synthesis in oogenesis. They are evidently destined 
for use during embryonic development. These transcripts in 
some ways resemble nRNAs, although they are stored in the 
oocyte cytoplasm". The repeat elements themselves are no 
likely to be translatable (ref. 29 and J.W.P. et al., unpublished 
data) and could be located in long 3' mRNA ‘tails’, or in interna 
positions such as intervening sequences that have not bee 
processed out. Perhaps these interspersed maternal transcripts 
can be used in embryogenesis only after further modification 
in contrast to the maternal mRNAs capable of immed 
translation that are clearly also present in the egg'. Embryoni 
processing of maternal transcripts could be an- 
developmental regulatory event, or these transcripts co 
other developmental roles altogether, as suggested by Cost 
tini et al”. Other recent speculations have centred ‘ot 
intermolecular complementarity of the repeat elements 
nRNA, and of some snRNAs with nRNAs. Intermolecul 
complementarity could provide the molecular basis for splicin 
or other processing decisions (for example refs 53, 54). 
In summary, a variety of interpretations have so far resis 
exclusion. Despite their ubiquity, their quantitative pri 
nence, their apparent developmental regulation and the amo 
of interest they have aroused, the repetitive sequence transer: 
of animal cells remain a phenomenon in search of a physiolog 
cal meaning, | O 
This work was supported by NIH grant HD-05753. 













































































Note added in proof: Calvet et al^" have demonstrated | 
situ psoralen cross-linking that at least U1 and U2 snR 
are base paired to nRNAs within the cell nucleus. "i 
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A GROWING body of evidence suggests that variations in the 


» leaf water“ 
gen and oxygen isotope composition of meteoric water* 
ydrogen will reflect variations in climate 


i | sD= R ample O 


7 R standard 


1) x 1,000, where R = D/H ratio. 


ref. 
tree cellulose '*O/'°O ratios®""’. 


> 


id hydrogen (note that our analytical method has a op 
ion of +2%). 
Vhen considering the climatic significance of 6D variations 
eS, it is important to keep in mind that there are two scales 
0 climatic change which are of interest—-spatial and temporal. 
The 6D variations in trees offer the possibility that both spatial 
and temporal climatic signals can be discerned, because trees 
are geographically widespread and also contain an internal 
chronology which may isotopically record local climatic change. 
< This article is concerned with the climatic significance of tree 
6D values on the spatial scale. The question of the climatic 
significance of 6D variations within the chronologies of 
' individual trees will be considered elsewhere. 


Results and discussion 


_ Twenty-five trees from 22 sites throughout North America were 
Obtained and analysed for their cellulose C-H hydrogen 6D 
value by the renitration method’. The outermost four or five 
rings made up the samples which were analysed. Because of 
the different times at which the various trees were felled, the 
total interval spanned by the samples is AD 1961-75. Sample 
_ descriptions can be found in ref. 3. The locations of the trees 
“as well as the North American sites of the International Atomic 
Energy Agency (IAEA) precipitation stations are plotted in 

Fig. 1. It can be seen in Fig. 1 that the tree samples cover much 
the same range of geography and climate as the LAEA stations. 
Thus, if the 6D variations of. the tree cellulose C-H hydrogen 
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D/H ratios of the carbon-bound hydrogen of tree cellulose 
primarily reflect variations in the D/H ratio of associated. 
meteoric waters | as manifested in the isotopic composition of | 
t Because there is a generally recognized 
slationship between climatic temperature and the stable hydro- 
© there” 
-an expectation that the 6D variations of tree cellulose C-H 


e standard is SMOW (standard mean ocean water as defined 
7). Such a climatic ‘signal’ has already been identified 


‘The few studies that have been done on the climatic 
gnificance of tree cellulose C-H hydrogen &D variations t 
have not been completely satisfactory, largely because of 
experimental methodology’’'*'°. With the development of tech- 
iques that yield highly reproducible 6D values (refs 3, 17), the 

ortunity has arisen for further investigations into the cli- 
c significance of the D/H ratios of tree cellulose carbon- 





oe E 7 IAEA stations are 
* Present address: Department of Geology, University of New Mexico, 
US, | 
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_A distinct relationship exists between the 6D values of cellulose carbon bound hydrogen in trees and average annual — 
-temperature for a variety of trees from a wide range over North America. The slope of the 8D/T relationship is 5.8% °C. a 
-Samples of annual precipitation covering much the same geographical range as the trees exhibit a comparable temperature 
coefficient of 5.6%.°C'. Such growth-site conditions as poor drainage and/or low relative humidity seem to perturb the 
spatial 8D/T relationship. However, our data indicate that suitable tree growth sites are more the rule than the exception. 





reflect the 6D values of local precipitation, the two should have 
similar relationships to spatial variations in climatic tem- 
perature. : 
The average annual temperature and precipitation 6D values. 
of the IAEA sites of Fig. 1 are plotted in Fig. 2. The relationship 
between these two variables is readily apparent, and a linear ~~ 
regression of these data yields the expression: as 


8D =5.6T (°C)~ 120 a 


with a correlation coefficient of 0.90. The value of 5. 6 for the 
slope of this equation is the same as that found by Dansgaar 








for maritime and Arctic stations, although the intercept of the — 
North American data of Fig. 2 is more negative by about 20%. > 









Fig. 1 The geographical distribution of the &D values of tree |. 
samples analysed for this work. In addition, the 6D values of 

annual precipitation at the 11 North America IAEA stations.are © 
depicted, ot, Tree sites; O, IAEA stations. 6D values of the trees 
are ‘underlined, while the 5D values of the precipitation at the 
shown i in. parentheses. Note that there isa 
é s bot the a and the pania i 















e ARAY a above the cence ‘trend line’ of 

may be unusual from the standpoint of the condi- 

ir environments of growth. For example, UBLM-2 

llow tree which grew in a marsh in Madison, Wisconsin. 

waters in the soil in which this tree grew were analysed 

| found to have a 8D value of ~32%. This value is consider- 

ably more positive than the average annual precipitation in the 

area, the latter of which has a ôD value of about —60%. 

- Consequently, either the meteoric water incorporated by the 

tree had undergone significant evaporation. as it slowly 

_ infiltrated into the poorly drained soil, or the water represented 
_ predominantly summer precipitation which is commonly more 0.4 28. 1 

asiti e than the average annual precipitation’”. In either case, Average annual TCC) 


D value recorded by the tree would not be representative Fig. 2 A plot of the 5D values of annual precipitation against- 


Be annual Sven and oar would probably annual Seen for 11 available North rer IAEA | 


ate were ee = the’ attie t to cause thet tre 
use er summer precipitation, e oh the infil 


W in a E in Reha ee ie Wisconsin amidst a 

oaks. The analysed 6D value of water from a 

m was —62%. This water value is similar to êD 

red for water from the Wisconsin River and from 

ar Oconto, Wisconsin. In the latter two cases, trees 

)M-2) which grew in soils. immediately adjacent to 

ers had ôD values in the range —76 to —80%. Con- 
if AW-BO-1 had incorporated - waters with a 6D sites at waich no boaa evaporation or precipitati 

of —62%, it would have been expected to have a 6D had occurred. 

pont gies — hart In fact. AW-BO-1 has | a ôD value of In short, the circled points in Fig. 3 are interpreted to 
23%. Ur Ke of sites at Va trees KEE PA soil ity 


Average annual 
Name Location | T CC): | 


Sitka spruce -© Olympic Peninsula, Washington 11.3 

: Douglas fir Jefferson Co., Colorado 10.5 
‘Green Ash Montezuma National Wildlife 
Bur Oak Refuge, 
Red Maple New York 
Chestnut oak Reston, Virginia 

“Pine | Seeley Lake, British Columbia 

Oak Owensville, Missouri 

‘Bur Oak Albion, Wisconsin 

White Spruce Fox Creek, Alberta 
Jack: Pine Porter Lake, Northwest Territories 
Aspen Fairbanks, Alaska 
Aspen Anchorage, Alaska 
Aspen Brown Creek, Ruby Mts, Nevada 
Birch Flathead Lake, Montana 
Maple Flathead Lake, Montana 
Ponderosa pine Catalina Mts, Arizona 

Douglas fir .. Portland, Oregon 
Oak Houston, Texas 
Birch Winnipeg, Manitoba 

.. . Maple Spring Green, Wisconsin 
a White Birch Oconto, Wisconsin 





unted for by the ededi points will be discued to 
e- circled points in Fig. 3 are eliminated from consider- 
in the spatial 6D/T plot, the balance of the data produces 
in array of points for which a linear regression yields the 
expression: 

























































6D =5.8T (°C)- 134 (2) 


< The linear correlation coefficient is 0.88. The slope of this curve 
is very similar in magnitude to the slope of 5.6 obtained for 
->the regression of North American IAEA precipitation data 
_. (Fig. 2). Because the tree sites and IAEA stations extend over 
much the same range of geography and climate (Fig. 1), it might 
be expected that a regression of the two sets of 6D data against 
_ temperature would produce a similar slope, providing that the 


the SD values of annual precipitation at these sites. | 
Seven of the tree samples, OPW-DF-1, Col-DF-1a, RE-CO- 





ar north as Porter Lake, Northwest Territories. 


ves (see Fig. 4). 











‘ig. 4 may have a physical interpretation. 








1931-1935 
i at 


1936-1940 


SO = 7.81. 7 (°C) ~ 150 


1941-19456 i946 ~ 1880 












“intervals in spite. of the 


ôD values of the tree samples used in the comparison reflect 


2, BCT-12, MO-O-2, FCA-WS-1, and SAS-JP-1, included in 
the regression of the data of Fig. 3 have chronologies that 
-extend back to at least AD 1931. They range in location from 
-as far south as St Louis, Missouri, and Reston, Virginia, to as 


` In addition, these seven trees are located near meteorological 
tations whose instrumental temperature records also date from 
at least 1931. This suggests the possibility of plotting spatial 
tree 5D variations against annual temperature for 5-yr intervals 
from 1931 to 1970. Such plots could determine whether or not 
there have been any important changes over this interval in the 
character of the 6D/T relationship as defined by the seven 


Because far fewer sites are included in Fig. 4 than in Fig. 3, 
statistically possible that the linear regressions of these 
will not produce the same slope as that obtained from the 
ssion of the data of Fig. 3. Thus, it does not seem to be 
ble to attach physical significance to any differences in 
-between the large data group (Fig. 3) and its subset (Fig. 
owever, changes of slope between different 5-yr intervals 


! : equations for the linear regressions of the different 5-yr_ 
rvals are found in Fig. 4. The analytical error of +24 for 
measurement of D values imposes an error on the. 
ression slopes of Fig. 4 of about +0.3% °C™'. Thus, with the 
exception of 1941-45 all the 5-yr intervals exhibit within experi- 


= 7,68 T(%C)~18i i 


BO = 7.66 T(°CL-147 





differences in specie an 






4 [3 20 
Average annual TCC} 
Fig. 3 A pilot of the 6D values of trees from a wide range overo < 
North America against the average annual temperature. The tree = 
samples represent various intervals within the span 1961-75.The < 
five points enclosed in the dashed circle represent trees which may 
have grown in conditions that could obscure a climatic interpreta- 
tion of their 8D values. The remaining 20 points define a trend 
with the following linear regression equation: 6D= 
S.8T (C)~134, The correlation coefficient is 0.88. H, Trees in 


mental error the same spatial 6D temperature coefficients. The 
large 1941-45 temperature coefficient of 8.6%. °C™* seems to. 
be a consequence of something other than normal analytical 
error. However, at present, we cannot explain it. 
Notwithstanding _ the possibility that the spatial 1941 
45 6D/T slope is truly different from the others, the funda 
mental observation to be drawn from Fig. 4 is that ove 
entire 40-yr period, an impressively consistent pattern o 3 
ing tree 6D values with declining spatial temperature has bee 
maintained. This has occurred in spite of the differences in tree ~ 
species and different relative ages of the trees. Thus, it enhances _ 
the conclusion that the 6D values of trees can indeed be ™7 
indicators of spatial climatic differences. =: 
Some of the possible causes of the scatter in the 20 ‘well- 
behaved’ data points of Fig. 3 should now be considered. Itis 
possible, for example, that trees growing in regions of low. _ 
humidity may exhibit comparatively positive 6D values due to 
a high degree of deuterium enrichment in the leaf water during _ 
transpiration. This would tend to shift the cellulose carbon- _ 
bound hydrogen ôD value above the general trend of the data: 
of Fig. 3, even if the tree is using soil water whose isotopic. 
composition is equal to that of the average annual precipitation’ 
The relatively positive position of the BrPn point in Fig. 3 may. 
be explained by this effect, as the average growing season 



















1951 ~ 1955 1956-1960 
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S0 = 7,38 PIM) ~ 146 


S0 = 7,66 TEC ide: 


961-1965 i966 ~ 1970 


BO = 7.71 PRC} = 146 
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Fig. 4 a, Compii of the 8D values of seven trees from a wide range over North America (OPW-DF-1, Col- DF-1a, RE- CO-2, BCT-12, ` 
MO-O-2, FCA-WS-1, and SAS-JP-1) with average annual temperature. The comparisons are made for different corresponding §-yr intervals. 

- The equations of the linear regressions of the data are shown within the plots of each of the Sayr. intervals. The pattern: of declining 6D. > 
values with aranna oP ee is Femarkably consistent for the trees and. Lid intervals depicte : 








b, Same trees as i in @ except that four ES 
| is main roughout these. E 


ment die to cera spendin 
and oxygen isotope ratios in cellulose (see ref, 


si yurce of scatter may arise from the fact that the 
emperatures used for comparison with the tree 6D 
are unweighted average annual temperatures. If the trees 
incorporating annual precipitation, the 5D value of this 
ipitation will probably be a weighted average of varying 
roportions of the various seasonal  precipitations. Con- 
_ sequently, the unweighted temperature and weighted 6D values 
_may not always be uniformly related. Furthermore, the com- 
_ pared temperatures are those of meteorological stations which 
-Are not located at the exact site of tree growth. Thus, the pattern 
of geographical temperature variation of these stations may not 
be exactly analogous to that of the growth sites. 
<- Biochemical or physiological differences between these 20 
‘different ‘well-behaved’ trees could produce some, as yet, 
nrecognized differences in the net hydrogen isotope fraction- 
tion between leaf water and cellulose C-H hydrogen. Such 
ifferences might contribute to the scatter in Fig. 3. 
‘There may also be trees among the 20 ‘well-behaved’ samples 
have- | not. incorporated average annual has doles 


i gle sčäson. When plotted against poik temperature, 
ues of these trees might produce some scatter such 


' gp eon velationship ce Tie 2), This scatter 
K uld be apenas in ne = bas the 6D values of the trees 


7 these poesible sources sof scatter in the relationship 

8D values and annual temperature, Fig. 3 shows 
relationship does exist. Furthermore, for the 20 

ved’ samples of Fig. 3, the relationship is quite close 

ch might be expected if the 6D variations of the trees 

ose of the local annual precipitation. 

ses from the proper sites seem to record 6D values 
trespond to geographical climatic differences. Note that 
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‘of locat" tree sites. Thus, Josal site see nN was lateel 


From information supplied by individuals who collec 
samples (see ref. 3), it seems that the ‘well-behaved’ si 
likely to be those in which there is an absence of stagnan $0 
ground or surface water’” 


Conclusion 


A comparison of the geographical variation of the ô D values 
of trees with the associated average annual temperature reveals 
an overall correlation for many sites and species of trees. The 
spatial linear temperature coefficient obtained for 6D values. 
from 20 widely separated tree samples in North America is- 
5.8% C~, This compares with a temperature coefficient of- 
5.6%0 °C” ' obtained from annual precipitation 8D values at 11. 
North American IAEA sites. The similarity of these two. 
coefficients is consistent with the idea that the 8D variations — 
of the trees reflect the 6D variations of the local precipitation. _ 
The latter conclusion is supported by the spatial distribution | 
of the tree 6D values (Fig. 1). These 6D values decrease from 
the coast to the interior and from south to north. This pa 
of variation is analogous to’ that observed for. mete yri 
over North America (Fig. 1).- | x 

Site conditions seem to be important in determining 1 
values recorded by trees, and some site conditions. can prod 
scatter in plots of annual temperatures against tree 5D val 
on a spatial scale. However, the trees sampled for this w 
indicate that favourable growth sites are common. | 

The geographical temperature-tree 5D correlation for @ 
widely separated North American trees shows a remar 
consistency over the interval 1931-70. This consisten 
maintained in spite of the differences in both species and rela 
ages of the seven tree samples involved. | 

We thank everyone who provided samples for this work (sı 
ref. 3 for names). NSF grant ATM80-18830 supporte: 
research. This is contribution no. 3691 of the Divisio 
Geological and Planetary Sciences, California Institute of Te 
nology. 3 
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: A spin-polarized low-energy positron beam has been used to set limits on asymmetric positronium formation in opticaity - 


tive molecules. No asymmetry was found at the 7x 10~* 


level in cystine and tryptophan, but a possible effect of k 


+7) x I o~ was found in leucine. A quantitative connection is made with the origin of biological optical activity. 


nir no acids and sugars on which terrestrial life is based 
nal optical activity, that is, with rare exceptions, 
d of D-sugars in RNA and DNA and L-amino 
This observation poses the questions: (1) Why 
based on optically active substances? (2) Are 
mechanisms that would lead us to expect the 

amino. acids in. terrestrial organising: and is 


this choice expected to be the one statistically preferred when | 
all possible biospheres are considered? Question (1) has been - 
discussed extensively'’ and there is widespread agreement tha! 
life should naturally select an ordered system based on optically 
pure substances. However, question (2), still unanswered, is 
one of the important problemei in chemical and biologiari eve 


















: biological amplification. The probability of selecting a particular 
-isomer would then be 50%. On the other hand, causal mechan- 
. isms can systematically produce an isomeric excess which, if 
large enough to compete with random fluctuations, may strongly 
_ bias the odds on which isomer will eventually dominate. To 
generalize our treatment of question (2) to all types of bio- 
- =- -Spheres it is necessary to distinguish two types of causal mechan- 
< isms: local and universal. A local causal mechanism relies on 

= some local asymmetry to produce a bias in the odds on which 
-isomer dominates in that particular biosystem. By contrast, a 
universal causal mechanism produces a systematic bias in the 
_ odds in favour of one isomer dominating throughout all biosys- 
tems in which it is effective. All such mechanisms must be 
_ related to the weak interaction as this is the only interaction 
that universally violates parity conservation. No reproducible 
-quantitative results are yet available for either the random or 
-causal mechanisms. The description, theoretical analysis, and 
_ preliminary experimental results of a new method to investigate 
¿the most plausible universal causal mechanism, preferential 
radiolysis by electrons emitted in the £ decay of radionuclides, 
is the subject of this and the accompanying article’, For com- 
pleteness, we also present a brief discussion of the leading local 
-causal mechanism, preferential photolysis or catalysis by cir- 
cularly polarized sunlight. 


nalysis of two causal mechanisms 


Preferential photolysis by circularly polarized light: oat 
metric effects have been observed in the interaction between 
mino acid isomers and circularly polarized light*. In addition, 
. circular. polarization (CP) of sunlight of 0.1% has been 
observed at dawn and dusk in an IR band (780-800 nm)’. 

However, a corresponding CP in the UV, needed for asym- 
„metric photolysis, was not found, and thus it must be <0.01%. 
In addition, because CP is a result of parity conserving elec- 
tromagnetic interactions in the atmosphere, it can only be a 
ocal causal mechanism, that is, it must be identically zero when 
averaged over one Earth rotation and over the Earth’s surface, 
unless non-uniformities exist in time (morning compared with 
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Fig. 1 The experimental apparatus used to measure asymmetries 
in triplet positronium formation. The beam consists of 3 x 10° 
“positrons s` “l and initial helicity Ag(e")=0.21+0.02 (ref. 13). 
7 The Wien filter spin rotator (crossed electric and magnetic fields) 
-allows rotation of the average spin direction ((8;)) of the beam 
-with minimal effect on the average direction of the beam’s 
~ -momentum ((p;)). Thus ho(e*) may be continuously varied from | 
5 | +0, 2} to ~0. 21. | 










balance of the. primordial Earth, ‘followed: by ‘chemical “and 
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Fig. 2 Detail of the slow positron target region. A 0.5-mm thick 
layer of powder of a given sample was pressed on a binding layer. 0 
of latex on the CEM cone. Measurements of Ps formation on the = = 
bare cone, the latex binder, and the amino acids confirmed that 
Ps formation occurred only in the amino acid layer. Secondary“ 
electrons are collected into the channel of the CEM. The triplet - 
Ps formed in the amino acid powder lives a sufficient time to — 
escape from the powder into the confinement cavity and annihilate | 
into three y rays with approximately the vacuum lifetime of 140 ns 















evening) and with respect to the Northern and. Southern Hem 
spheres. = 
Preferential radiolysis related to electron helicity i in B decay 
The radiolysing 8 decay electrons, on emission from the 
nucleus, possess a handedness or helicity (h ), that is—there is 
a correlation between the direction of the spin angular momen- o 
tum and the linear momentum. This correlation is express 
by the relation h = (hi = (8; < p;) where, for the ith p 
the Pauli spin matrix, p; the unit momentum vector (fi 
h; is the helicity operator, and the angular brackets repr 
an average over all particles in the ensemb le. Further, for the 
present discussion (8; - p;)= & ys COM that is the ‘positron spin 
and momenta are decoupled. If, for example, all spins and all 
momenta in a beam are parallel Ked = Land |(p,)| = 1. Preferen- 
tial radiolysis by B decay electrons represents what we have 
defined as a universal causal mechanism and the problem i is: to 
determine to what degree this handed radiation could asym- 
metrically radiolyse racemic mixtures of amino acids on the oe 
primordial Earth. | 

Many experiments have searched for helicity induced prefer- <= 
ential radiolysis®* but no reproducible effect has been demon- 
strated. We feel that this is because none of the experiments 
approached the level of sensitivity necessary to observe the 
small asymmetric effects which are now predicted to occur’, 
These effects arise from the distortion in the electronic — 
wavefunctions in optically active molecules. The distortion 
induced by coupling between spin and orbital motion in the 
bound electrons produces a helicity per unit volume or helicity 
density—denoted h (f). From considerations of parity conserva- 
tion (mirror symmetry) h (F) is zero for symmetric spin-unpolar- 
ized molecules but A(F) can be non-zero for spin-unpolarized 
dissymmetric molecules. 

The spin-dependent exchange interaction. between the 
molecular electrons and the incident 8 decay electrons, when 
the coupling between (e`), the helicity of the incident elec- 
trons, and A(F) is included, produces an asymmetry, Ap, in the 
respective rates of radiolysis of L and D isomers R(L), R(D). 
On either reversal of h(e~) (h(e7)> —h(e")) or interchange of. bol 
the L and D isomers this asymmetry may be written as: | 


_R'W)-R sol RW- -R*(D) 
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fect of the molecular helicity density A(f), is essentially 
rage of h(t) weighted by the Coulomb interaction 
the projectile (6) electron and the target (molecular) 
lectrons. For projectile energies E, of the order of 100- 
00 keV, Hr is given by the relation 








1 
2E, in (2E,) 


| bere a is the fine structure constant (a ~' ~ 137), Z the atomic 
: number of the” heaviest atom in the asymmetric environment 
` of the molecule and yk is a molecular asymmetry factor which 
takes into account the effect of molecular structure on Ha. See 
the accompanying article for a complete discussion of Hp. We 
ote here that at E, ~ 100 keV and Z = 6, Hg lies in the range 
1< He <10" 10" The uncertainty in Hz is primarily a result 
the uncertainties of the molecular wave functions used in its 
) lation. Thus even if we take h(e~)=1 and assume that it 
ss not decrease as the 6 slows down, (in fact A(e~)>0 as 
sl lown due to velocity dispersion caused by scatter- 
resulting value of Ag (Ag <10°7'*) would still 
small to be observed in a direct radiolysis experi- 
‘rent techniques limit such experiments to detection 
4 R >10™, 
Larger effects, though less directly related to hË), may in 
fact be obtained by performing Scattering experiments using 
, olarized electron beams whose energy is of the order of the 
nization potential (T). A phenomenological analysis 
ibility has been presented’? and quantitative esti- 
ects to be expected (an induced helicity between 
~in an initially unpolarized electron beam) have 
de”, . These estimates show that observation of the 
is ‘not possible using available techniques, a result 
ted by the preliminary experiments sensitive to an 
ed helicity of order 107° which have not seen an effect”. 


Hr =nrlaZy’ 
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: ‘The: observed asymmetry in triplet Ps formation on DL 
] lotted against Ar, the observed time difference between 
mpt peaks after helicity reversal. Values of r” andr” based 
xX, 10° prompt time events and 10° delayed events were 
1 culate Ap,, according to equation (4). The uncertainties 
t a_12-h sequence were typically of order 107? based on 
N) statistics for prompt - and delayed counts, The 














obtained from the least squares fitting pro i gdur 





Substance D O L DL. 














Cystine Ap, (0) (1073) ~108(5.1) -3.6 (5.0) -42 
x“/N 4.8/5 74/7 6.2/7 
Leucine Aps(0),(x10™) ~15.1(7.3)  +4.0(6.6) ~3.3( 
y IN 4.4/5 7.3/8. 7.1/6 - 
Tryptophan Ap,(0),(x10™) -2.7 (4.6) —1.3 (5.5) ~10.9 (3.1) 
x?/N 0.7/3 3.9/4 7.0/7 



































In our experiment we employ a method that is much’ mere 
sensitive to A(f) than the radiolysis experiments, A beam of 
200-400 eV positrons with a net helicity, h(e*), is directed into - 
an amino acid target. After slowing down to ~10 eV, 80% of | 
the positrons annihilate directly with an electron. The remaining — 
20% capture an electron to form positronium (Ps), the hydro- E 
gen-like bound state of the two particles. The Ps is formed in 
both the triplet (140 ns lifetime) and singlet (0.1 ns lifetime) 
spin states and the experiment is designed to detect only the | 
triplet state (based on its long lifetime). Because of the existence E 
of h (F) in the molecule, the fraction of this state formed for a 
given isomer f (L) or f(D) depends on the sign and magnitude 
of h(e*) that is we have f*(L), f*(D) for hie*)>0 and f 
f(D) for h(e*) <0. As in radiolysis, f*(D)=f*(L). Th 
metry Ap, in the triplet Ps formation. fraction on eith 
of hle’) (hle) —A(e*)) or ‘interchange of L andi D 


_/f U-Fu) ff t-o e “|Ha 
sal a (L)+f-(L) T GE D) - 


Symmetric expressions for Aps based on interchange off 
f (D) and so on may also be written. Here Hp,(Z) is dit 
analogous to HRE, Z), but without the E dependence 
Ps formation in a solid occurs in a narrow energy range be! 
the molecular ionization Terr A detailed ial condos 





























of Hp, the major AEEA in vH Z ) arises ona uncertai 
in the molecular wave functions. p 

An approximate general expression’ relating Hz to H 
be written as 


1 
RAE Aa ita (2 ae In on 
where np, is a molecular asymmetry factor for Hoa. 
analogous to nr for radiolysis. The value of np, has bi 
calculated for the simplest optically active molecule for which 
the most complete wavefunctions are available, 15° twisted 
ethylene’, with the result yp ~ 1077. While 7% has not been so 
calculated, it is estimated to be of the same order of magnitude © 
as 7p, (although the relative signs are not yet determined). Thus 
we find that |Hp|~107°|H>.(Z)|. Our goal is to measure Ap, © 
and h(e*) and thus determine or set upper limits on H»,(Z) so 
that the quantities of fundamental chemical and biologica = 
interest, h (T) and Hp(E, Z), may be estimated. 


Experiment 


The apparatus is designed to measure the amount of triplet Ps 
formed when an amino acid powder target is bombarded with 
a collimated beam of positrons whose energy and helicity can- 
be varied. The asymmetry in triplet Ps production {A p,) under - 
reversal of either positron helicity (+, —) or target chirality - 
(L, D) is then determined. The apparatus used to produce the 
beam is sketched in Fig. 1 and discussed in detail in ref. 12. . 
Figure 1 shows the positrons focused onto the surface of. 
channel electron multiplier (CEM) coated with the opti all 
active material under investigation, where their impact is dete: 
ted through emission of secondary electrons (see Fig. 2). Detes 
tion of one.or more of the annihilation ys in Pilot B pla 


scintillator d tectors oe y provides. the = ka lo 






















btained c consis f | 
annihilating positrons together with Ps which annihilates within 
the amino acid, the 140 ns exponential component of free triplet 
= Ps, and a uniform background from uncorrelated events. To: 
= correct for variations in beam intensity, a ratio of counts from 
triplet events (background subtracted), occuring in a 400 ns 
< wide time window starting at 75 ns after the prompt peak (¢ = 0), 
to counts in the prompt peak is calculated. Defining r* to be 
this ratio for incident positron helicity positive (r~ for (h(e”) <0) 

Ap, (equation (2)) is given by 


Ape = (rr yer +r). (4) 


` Asymmetry measurements were made by reversing h (e`) every: 
-330 s during a 12-h period. The cumulative lifetime spectrum 
for each value of h(e*) was stored in memory halves of a 
-multichannel analyser. The large number of helicity reversals 
oper run reduced the effect of random and secular time shifts in 
- the t =0 position of the prompt peak to <0.01 ns. Asymmetries 
_. were measured in this manner for samples of D, L, and DL 
< isomers of tryptophan, cystine and leucine (supplied by Sigma 

- ‘(Chemical Co.). 











Variations in the measured asymmetries for preliminary runs. 


were found to be greatly in excess of statistical fluctuations. 
xperiments showed that the Ps formation fraction could vary 
‘by as much as 20% over the surface of the CEM cone, depend- 


ng on how far from the channel entrance the positron strikes 

he. cone (see Fig, 2). As a result, changes in the size, shape, 

nd position of the positron beam under helicity reversal could 
produce false asymmetries as large as 1%. Such systematic: 
‘effects could be separated from any true isomeric asymmetry 
‘by noting that the time-of-flight of the secondary electrons 
ejected from the cone (and hence the observed time difference, 
Ar, in the prompt peak after helicity reversal), has also been 
shown to depend on how far from the channel entrance the 
‘beam strikes the CEM. Thus the observed asymmetries Ap, 
‘with their correlated values of Ar could be fit to the equation 
‘Ap. = maAr+Ap (0) where m and Ap,(0) are the fitted para-. 
‘meters; and A,,(0), the residual asymmetry at Ar =0, is the 
quantity of interest. An example of the fit is shown in Fig. 3 

nd the results for the isomers of cystine, tryptophan and leucine 


+ shown i in Table 1. 


The uncertainties in the results are statistical uncertainties. 
or the fitted data. As evidence by the y° test the linear 
ypothesis is statistically compatible with the data for the D, L 

and DE samples of cystine and tryptophan. However, using the 
Original statistically assigned uncertainty, the data of D and L 
~feucine yielded y’/N in excess of 2. In view of the still incom- 


i pletely understood nature of the systematic effects discussed 


‘above, we increased the uncertainty on the individual data. 
. points to make y*/N ~ 1. The uncertainty in Ap,(0) and y’/N 


. (leucine) in Table 1 reflect this adjustment. 


> - The measured values of Ap,(0) (Table 1) show no statistically. 
-significant difference between the D and L isomers of cystine. 
-and tryptophan at the 7x 10~* level but the data do indicate: 


the possibility of an effect at the 2o level in leucine. In view 
-of this possible effect additional data on leucine were obtained 


in which an attempt was made to maintain A7 at a sufficiently 
low level (åy < (0.02 + 0.02)ns) so that the values of Ap, from 
Several independent runs could simply be averaged without. 


‘elying on the fitting procedure described above. This was 


accomplished by adjusting the beam deflection electrodes. 
before each run. The weighted averages and values of y? per 


degree of freedom obtained using this procedure were Ap,(D) = 


=(30.0£4.9)x10, Ap (L)=+(1.344.4)x10, y2(D)/N =. 


5. 6/6 and y°(L)/N = 11/7. 


The above result seems to indicate the detection of an L/ D 


asymmetry in triplet Ps formation in leucine of (31 +7)x10*., 


However, in view of the large systematic effect discussed pre- , 
viously (values of Ap, of up to —60x10°* were observed in. 
leucine for Ar ~0.1ns) and in view of the fact that Ap." 5 





ire i Spe l 
ins wide ` ‘prompt ae of directly 


Physical me al 








under construction in which the systematic effects related to 
beam parameters and detector geometry should be eliminated: 
We conclude that we have established Ap, to be <7 10™* in | 
cystine and tryptophan, but that there may be an effect in 
leucine. We note that previous work by Bonner ef al.’ did show 
asymmetric L/D radiolysis by polarized electrons in leucine but 
that this effect was not corroborated by Hodge et al.*. - 
To relate A,, to Hp,(Z) (equation (2)) it is necessary too 
obtain the positron helicity (h(e")=(;)-(p)) not for the 
incident positron beam (recall ho{e*) = 0.21), but for the beam 
after it has slowed down in the target to Ps formation energies. 
(<10 eV). This final helicity (A,(e")) is not directly observable. 
but it can be estimated theoretically. Many experiments’ ae 
have shown that, in agreement with theoretical predictions’ 
the magnitude and direction of (§) for an ensemble of positrons 
is essentially unchanged when the positrons slow down to Ps 
formation energies from energies far in excess of the initial 
400 eV energy used in this experiment. Although (§;) is constant, 
the magnitude of (p,) (|) does decrease as the beam slows 
down and this increased beam divergence can be calculated for 
positrons of the energies we use incident on metal surfaces S io 
For the case of |(p,)liniual = 1, the beam divergence after n cal ie 
lisions is given by |(;)| = cos @ =[cos 6, cos 62° ++ cos @,]. The 
theoretical results are ‘generally i m good qualitative agreement 
with experiment” F 
The calculation of cos ĝ using the formulas: of refs 17 
may be generalized to the case of the- amorphous | it Ô 
alumina (Al,O,) based on calculations of specific energy loss 
(dE/dx) and mean free path between collisions (A)'*. The final 
extrapolation to the amino acids used in our experiment is made +z 
based on the assumption that dE/dx and à may be scaled from - 
one substance to another because the probability of a positron- 
atom interaction is proportional to No where N is the. number — 
of electrons/atom with which the positron can interact (essen- 
tially valence electrons) and o is the positron-atomic electron — 
interaction cross-section (taken as constant in all amorphous ae 
insulators). E 
The results of the calculation yield a final value of cos @ = 
(0.40.2) or A(e*) = hale KAA = 0.2 x 0.4 = (0.0840. 04). The: 
error assignment results from systematic uncertainties in the 
correct number of valence electrons to use in a given aminoacid _ 
and the nature of various approximations of the scattering — 
cross-sections used in ref. 19. mee 
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Conclusion a 
Our experiment aims to determine Hp (Z), or set limits on it, 

so that the quantity of interest relating to the origin of optical 
activity HRE, Z) may be determined (equation (3)), and so © 
that the newly identified property of chiral molecules, the . . 
helicity density A(F), may be investigated. From equation (2) 
and the value h,(e")~0.08+0.04 we have Hp(Z)< 
(Ap,/h(e*)) = (7 x 1077/8 x 10°*) = 10°" for cystine and tryp- 
tophan. The possible value of Hp,(Z) for leucine where an. © 
effect of Ap,=(31+7)x10°* may have been observed is 
Hp (Z) = (31 x 1077/8 x 10°*) ~ (442) x 107, 

Comparing the above results with previous measure- 
ments’”** using positrons we note that, in all cases, positrons | 
from a radioactive source slowed to positronium formation 
energies directly in the amino acid, implying’ he) <10. = 
Three experiments” 7? gave null values of Ap, at the 10°? level, 
which if combined with the estimated hile”), yield H,.(Z )< 10. 
The positive results of ref. 23 imply Hp,(Z)2= 100. Thus the = 
results of the present experiment, implying H,.(Z)<107 in. 
three cases and Hp (Z) = 4 10° in the fourth, although larger 
than the theoretical predictions. of ref. | (Hp(Z )<107), are 
the first to set limits on Hp (Z) which have any reasonable _ 
ing, that is H(z ) <1 Finally, using equation- 

HZ) et the upper limit 
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mn etries and tod increase ike bean rate ace. an 

magnitude. In addition, we are now able to increase 
polarization up to 0.7 (J.V.H and P.W.Z in prepar- 
Th se and other changes should enable us to improve 
limits on Hp, by a further factor of ~100, sufficient to 
erve an effect if Hp,(Z)~107*, a value within theoretical 


Received 30 December 1981; accepted 7 April 1982. 


od, Kizel, Vi A; Soviet Phys. Usp. 23, 277-295 (1980). 
2; Norden, Ba J. molec. Evolus 11, 313-332 (1978). 
3. Hegstrom, R. A. Nature 297, 643-647 (1982). 
a Norden, B: Nature 266, 567-568 (1977). 
ee SE Angel, J R. Pi & Hling, R. Nature 238, 389-390 (1972). 
he Keszthelyi, L. tebe of re 299-340 (1977), 
Wi 


M $. M; ; Farago. P. S. & Van dae Wiel, MLE. Phys. B 14, 3245-3253 (1981). 
’ Newman, D., Rich, A & Sweetman, E. Phys. Rev. D 18, 1189-1193 (1977), 


i yg a Observation: of ‘the oaa, ini 


molecule should be within reach of the next ge 
experiment. A 

We thank Professors G. W. Ford, R, A. Hegstrom, G :Kar 
R. R. Lewis, and J. Walker for helpful discussions and R. H. 
Sands for major equipment loans. This work is supported by 
NASA and by the NSF. 


13. Zitzewitz, P, W., Van House, J. C., Rich A. & Gidley, D. W. Phys, Rev. Len. 43, 1281-1284 
(1979), 

14. Bouchiat, C. & Levy-Leblond, L, M. Nuovo Cim. 33, 193-200 (1964), 

15. Oliva, J, Phys. Rev. B 24, 4909-4924 (1980). 

16. Nieminen, R. M. & Oliva; J. Phys. Rec. B 22, 2226-2247 (1986), 

17. Lanteri, H., Bindiet, R. & Rostaing, P. Thin Solid Films 67, 293-299 (1980). 

18. Hrach, R. Thin Solid Films 15, 65-09 (1979), a 

19, Ritchie, R. H., Garber, F. W., Nakai, M. Y. & Birkhoff, R. D; Adv. Radiat, Biol. 3 i1969. 

20. Dezsi, 1., Horvath, D, & Kajesos, Z. S, Chem. Phys. Lett. 24, S14-515 (1974), 

21. Brandt, W. & Chiba, T. Phys. Lett. STA, 395-396 (1977). 

22. Jean, Y. C. & Ache, H. J. J. chem. Phys. 81, 1157-1162 (1977). ag 

23. Garay, A. S., Keszthelyi, L., Demeter, 1. & Hrasko, P. Nature 280, 332-333 (1974 - 
Chem. Phys. Lest. 23, 549-552 (1973). 

24, Gidley, D. W., Rich, A., Van House, J. C. & Zitzewittz, P. W. Origins of Life ih 41-36 
{1981}; in Origin of Life, (ed. Wohiman, Y.) 379-384 (Reidel, Baston, 1981), co 

25. Rich, A., Van House, iLk Hegstrom, RA., Phys. Reu. Len, 48, 1341-1344 (1982), a 


i th heretical ais 
Roger A. Hegstrom 


g asa of Chemistry, Wake Forest University, Winston-Salem, North Carolina 27109, USA 


-IIMS ? 
and always-a acts in the same sciiral 6 sense. Hence if an n eHlective 
rechanism exists involving the weak interaction in molecular 
ution, this inherent universal chirality in nature could have 
enced the selection of exclusively D sugars for RNA and 
A and L amino acids for proteins. 
wo candidates for such a mechanism have been proposed, 
2ach of which involves a different aspect of the weak interaction. 
One produces an energy difference between a chiral molecule 
ind its mirror image’, but the calculated difference’ seems too 
_ small to have been effective i in molecular evolution. The other, 
- which seems the most popular theory at present, postulates the 
- asymmetric radiolysis of racemic mixtures of prebiotic chiral 
molecules by the longitudinally polarized electrons produced 
in nuclear B decay®. A precise test of some aspects of this 
- Mechanism is the object of new experiments to measure an 
< asymmetry in the rate of triplet positronium (Ps) formation in 
` chiral molecules discussed in the accompanying article’ (where 
: references to previous work may be found). 
The present article gives a theoretical basis for, and estimates 
he magnitudes of, the cross-section asymmetries for both Ps 
ation and radiolysis. The relevance of the results to the 
on of the onp of erri in living organisms is discussed 


labelled a, ad a’ labels the final chanel which © consists of 
ionized molecule and a Ps atom with momentum P’. Spi 
quantized along Ď and hence the spin projection quan 
un of the positron is related. simply to the heli 

= 4A. The cross-section depends on the helicity A, the 
ity of the target molecule (L or D), and on the spin state § o 
the Ps, and is given by 


| p' 7 
oX) = (20) = RBR aw (1) 


(with a corresponding expression for the D isomer) where 
P' =|P’|, where dQ’ denotes an integration over the solid angles 
corresponding to directions of P’, and where Av denotes an 
average over all orientations of the molecule (random orienta- 
tions are assumed). The quantity tg, which is related. to- the 
on-shell T-matrix, is defined below. 

In a notation consistent with that of the preceding paper’, 
the asymmetry in the cross-section is defined as a 


as (L) -øs (L) _ gs (L) -os (D) 

as (L)+os(L) os(L)+es{D) 
(with a corresponding equation for the D isomer) where os (L) 
and o's (L) are obtained from equation (1) with A=+1 and 
A} = —1 respectively. The second equation in equation (2) isa 
consequence of parity conservation for the electromagne 
interaction [equations (6, 7)], from which the general relatio 
ship o§(L)}=o 5*(D) follows. For the case of a positron beam 
of helicity h(e*) and with h =/A(e*)| <1, it can be shown t 
for a given L or D isomer (from now on the isomer is no 


Hp,{L) = 


denoted capiri, the asymmetry in the cross-section : 


















oto” 





now. considered. For simplicity, a 
























































_ The electron bound state is denoted y. 
_ The cross-section is given by equation (1), where, for a 
spin-unpolarized target molecule 


ms Ms 


where the second summation is taken over the spin projection 


T-matrix is given by 
teint = (P'bp.SMs — 


prior form? of the T-matrix. 


other spin-dependent terms in the hamiltonian are ignored. 


esemble the “helical electron gas” 


xpressed in the total Hamiltonian H = H” + V“ for the system, 
2 where. the channel a Hamiltonian is given by 








and the interaction V“ by 
Er ye = YOOUL 4 


potential energy operators V denote the particles a, b and core 


Channel a 





Fig. r “The foribation of positronium: = 





‘idgnamica which produce the cross-section asymmetry 2 are 7 
) a single-electron treatment of 
the molecular bound state is given here and illustrated in Fig. 
1. The positron, ‘a’, is incident on a molecule consisting of an. 
electron ‘b’ bound to a core ‘c’. The core approximates the 
~ fixed nuclear framework and the other electrons in the molecule 
and provides an effective potential for b. The spin of b, like 
that of a, is quantized along p with its direction given by. 
5 =2m, = +1, where m, is the spin projection quantum number. 


7 the spin-o wW 
aes theory i may "be used’ tool tain ‘the result . 


s =E D taet (4) 
quantum number Ms corresponding to the spin S. The on-shell 


\V"lpmw.) (5) 
ere p, denotes mn spatial part of the Ps wave function, V* 
enotes the potential energy giving the interaction between the _ 
incident positron and the molecule, and the minus sign denotes ` 


It can be shown on the basis of equations (1)-(5) that Hp, : 
anishes unless (1) the molecule is dissymmetric and (2) spin- | 
dependent interactions are involved. According to equation (5) _ 
there are three possible ways for the effects of spin-dependent 
orces to occur: (1) in the interaction potential V°, (2) in the - 
positronium wave function, and (3) in the molecular wave 
function &,. An investigation of each of these possibilities indi- | 
cates that for molecules containing atoms as large as carbon, — 
r larger, the dominant contribution to the asymmetry Hp, is _ 
expected to come from the perturbation of the electron bound | 
tate p, by the spin-orbit interaction of the bound electron 
oving in the electric field of the molecular core. In what | 
follows, only this bound-state spin-orbit interaction is kept and — 


‘resulting description is called the bound helical electron | 
del, because, as will be seen later the theory predicts the © 
ence of a helicity density for the electrons bound in an | 
cally active molecule. The qualitative aspects of this model | 
model of Hrasko and . 


“The dynamics of the bound helical electron model are 


H* = T,+T,+ Yoo a yo. (6) : 
3 yoour (7) : 
where the subscripts on the kinetic energy operators T and | 


c, and where ‘COUL’ and ‘SO’ denote the Coulomb and spin- | 





|Wo= (oranda, 


rt 


where ojm.) is the unperturbed molecular bound state, on im) - 


are excited states, Mi, = —m,, and | o 
Vo = Ave Ë &, = ha7E, xp T Fy, Oa) n 
È, = (Eo - Ex)” (bulArncldo) OBE 
e° =2, b= 8, p (9c) 
eX =z, 6.8, + (6, 216,) (9d) 
Here a ~1377' is the fine structure constant, És. is the electric a 


field produced by the core c at the location of electron b, p, is- - 
the momentum of b, &, is the Pauli spin matrix, and ê, are unit : 
vectors with ê; = p. se 
The asymmetry of the positronium formation cross-section 

is now considered within the bound helical electron model. It 
can be shown that the ‘spin-flip’ term in the perturbed molecu: 
wave function, that is, the last term of equation (8), does no : 
contribute to the cross-section to first-order in the spin-orbit 
interaction and hence can be ignored. The contributing port ¢ 
equation (8) is now abbreviated ģim), where . 


= Pots E end 




















Substitution of @,|m,) for |Y.) in equation (5) then gives 


tsiis" = = V*(SM,|m,m,) (11): 


where 
V*= P'on- Vlg) 


The spin-dependent factors appearing in equation (1 1) 
easily evaluated to obtain the contributing T-matrix. elemen 
in terms of V*, and then equations. (1)~(4) are used to. 
the cross-section asymmetry Hp, or Ap, to first order | 
spin-orbit interaction. For the triplet state the result i is 


1v AV Tash d 
6 fV ad 


where V* are defined by equation (12) and where V° is obtained 
by replacing 4, by do on the right-hand side of equation (12): os 
The result for the singlet state is obtained by replacing the 
factor 1/6 in equation (13) by —1/2. . : 

The precise calculation of Hp, is an extremely difficult col- Sat 
lision problem. Its order of magnitude can be estimated simply, 
however, using equations (9)-(13), from which it follows that 
Hp, is first order in the spin-orbit coefficient e. On the basis. 
of dimensional arguments Hp, would then be expected to be | 
of order le | ~ (aZ)? =(Z/ 137) where Z is the electric charge _ - 
on the heaviest atom or atoms in any asymmetric environment __ 
in the molecule*. Following the treatment of the parity noncon- soe 
serving energy difference’, Hp, is expressed 


Hey=nlaZ) (1A) 


where the molecular asymmetry factor np, is included to take- 
into account the effect of the molecular environment on the 
magnitude of Hp.. An approximate calculation of Hp; (RH. 

and R. Stewart, unpublished data; see. also: ref. 5) for the 
amples ia molecules for which a wave 1 unction has 








Ha = 























alysis for hee case sof leucine at present due to the 
even crude calculations involving amino acid wave 
ons and also due to the preliminary nature of the experi- 
tal result. 
Finally, in view of the treatment of radiolysis to be given 
ext, it should be noted that the asymmetry in the total inclusive 
cross-section for Ps formation, obtained by summing equation 
- (1) over S= 0 and 1, vanishes identically due to the cancellation 
of the singlet and triplet contributions. A vanishing result is 
< also obtained for ionization without Ps formation, which is 
_ closely related to the process of ionization by polarized electrons 
reated next. 




































on impact ionization of optically active 
ules (radiolysis) 
il treatment of radiolysis is similar to that just 
rmation. The most important difference is that, 
ons are identical, the two-electron state of 
st electron is antisymmetric with respect to 
ng -of these particles, and as a consequence both 
exchange terms appear. In fact it is the existence of 
hange terms which leads to a nonvanishing asymmetry 
i the total cross-section, as is shown below, in contrast to the 
ase of ionization by positrons discussed above. 
€ scattering process is illustrated in Fig. 2. In the initial 
the incident electron 1 has helicity A=+1 and 
-and the target electron 2 is bound to the core c. 
ial channels a’ and @’, which differ by an exchange 
| electrons, the momenta are designated j Pp. and Be. 
re again quantized. along f p with initial spin projection 
umbers m,, m, and final spin quantum numbers S, 
ibing singlet and triplet states. The total ionization 
ction, inclusive of electrons in singlet and triplet final 
es sis pres (for either the D or L isomer) by 








Epi S 
g* = Hn) | dE paps | anan (15) 


| - p’/2 is the energy of the incident electron, J is the 
lecular ionization energy, E, = p;/2, and where 


WP =22 2 lise. (16) 
T, 
PR aw 
Äi ps 
a b 
Channel a’ 
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; -b 
10 i, 


Channel a’ 


= with the direct and exchange terms given by 


for more precise calculations relativistic effects should 


smaller than the threshold value. This large reduction is d 
g primari io to the. peti zig eres of tne exchange ne 
Ve with: it E R tO be Or 





ig = a (din) + Su (exch) DE 












(sere (dir) = (PPS Ms n | y” pmb) : 4 He rb 
Soe (exch) = (PPSM: -| V“ pmpa) if 


Equations (18a, 6) are analogous to equation (5) and hy is agai t 
given by equation (8). The same procedure which led from 
equation (5) to equation (13) is again followed here using 
equations (15)~(18) and gives the following result for the. asym- 
metry in the radiolysis cross-section, correct to first order in 
the spin-orbit interaction: 
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(19) 
where ae 
vihe |V"lBd,) (ae 

vi = GiB. lV lo) ( 
are direct and exchange. integrals with $s again given 
equation (10). The integrals Va and V? are obtained 
replacing ģ, with ġo in equations (20a, b). Tf the incident 


tron state is a mixture of pure. helicity states with a net hel 
h(e”), then the asymmetry in the cross-section is 3 





where h=|h(e~ )I. A negative v alue of Arg or rå zg fora given 













natural @ electrons, for which a le Ji is negative. : 

Although the precise calculation of Hg is difficult, it is possit 
to make rough estimates of its order of magnitude as was do 
for Hp.. It is useful to. distinguish two cases. For the case 
incident energies E, near the ionization threshold, the | 
momenta p,, Ñ both ‘approach zero, so it follows from equ: 
(20a, b) that V3 > V3 (note that only scattering into the s 
state contributes in this limit), and then from. equation. a9. ; 


A i 1lvi a= Wa 
Epo “2 “(V3 lav . l 
which, on the basis of dimensional arguments similar to th 


which led to equation (14); can be shown to have the- sam 
order of magnitude as Hp,. Hence Hg is expressed i 


Hr = nr(aZ)’ (E,> 1) (23). Bs 


where the molecular asymmetry factor for radiolysis Ne is: 
expected to have the same order of magnitude as np, For the 
case of incident energies near 100 keV, which is typical of 
B- decay electrons, use of the nonrelativistic Bethe approxi : 
tion’® in equation (19) gives the result 


NrlaZ 4 
(2Ep) In (2E,) i 
where 7x is formally of the order of one but is expected to be. 
less than one for the same reasons given in connection with 


equations (14) and (23). The range for E, corresponds to the 
range of validity for the nonrelativistic Bethe approximation’ 


ER 



















R= («E xa”) 


(24) 










included. For Ep= 100 keV =3,700 AU equation (24) gi 
Hy ~10°nklaZ A2 which is roughly five orders of magnituc 



























or a à molecule con ining a dominant heavy atom with "A near 

“Recently Zel'dovich and Saakyan’* have calculated a seat: 

: bution to Hz which is not included in equation (19) but rather. 

-is due to the direct spin-dependent interaction between the 
- incident and target electrons, and which may be expressed 


28 ¥ Im(ds, ms) 
Li idal” 


where v/c is the ratio of the speed of the incident electron to 
the speed of light, and where d, and m, are the electric and 


Her(ref. 10)~a (25) 


magnetic transition moments, respectively, between the initial 


--and final molecular states. The ratio of sums appearing in 
~ equation (25) may be estimated from spectral data on optically 
‘active molecules’*, For strong absorption bands, which are 


es expected to dominate the cross-section, this ratio is typically 
of the order of 107°, 


which is much less than the estimated. 
< yalue 1077-107? based on dimensional arguments'’. Equation 
(25) then gives the result Hg (ref. 11)~10°'’ for 100 keV 
“electrons, which is comparable with the result for the bound 
“helical electron model at the same energy and with Z =~6. 

‘Hence the contribution to Hz from equation (19) dominates at 
‘Tow energies and high Z, but the contributions from both 
„equations (19) and (25) are important at high energies. | 
_ More recently, Mann and Primakoff have estimated Hz to 





be relatively large (of the order of a° = 10“) due to the interac- 

ion between the spin of the incident beta electron and the 
bital angular momentum of the target electron. This estimate 
s in direct disagreement with that from ref. 12. My preliminary 
alculation gives the result that the contribution to Hr from. 
his spin—other-orbit interaction, although formally of the order - 
fa’, vanishes in the first Born approximation when the average | 





ver molecular orientations is taken. 


I- conclude this section with the following remarks: (1) 6. 
lectrons are emitted with a spectrum of energies ranging from | 
ero up to a maximum which is typically hundreds of keV. In- 
-view of the present results, the low energy end of this spectrum | 
-may be more important for asymmetric radiolysis than pre- 
jously thought, even though the magnitude of the helicity is 
ss at low energies. (2) Experiments which attempt to detect 
his asymmetry are expected to find a larger effect for low- 
nergy polarized electrons, particulary with dissymmetric target | 


molecules containing heavy atoms. 
Electron helicity in bound states 


For a one-electron state y, which is characterized by the spin | 
direction s =2m, the helicity density is defined in coordinate — 


~ space by the equation 


: h(®) = Reli (De Peh) 
-sorin momentum space by 
hlp.) = Rei, (PG + Pebs(Pe)} (26b) 


where ġ is the Pauli spin operator, p, is the electron momentum, 
and p.=p.-/|p.|. The two-component spin functions ¢,(%) and 
_- ,(p.) are Fourier transforms of each other. For a one-electron 
“atom or molecule in a pure spin state, the helicity density can 
be relatively large, of the order of several atomic units. 
-The helicity density may also be defined in a general way for 
“a many-electron system, but here it is sufficiently general to 
-consider the simple case of a two-electron singlet state 


PA, 2=2 DDD 


tor which the helicity density is given by 
A(p)= E Relws (Pe - p.w.(p.)} 


yati 


L hp.) 


gal 


n this case it can be easily shown that, in the absence of a 


spin oe coupling, the oneney density vanishes due to cancel- 





(26a): 


(28a) 


(28b) ea 


ing 2 fan en 


h(.)= 4Re e Di, aedi TON 029) ’ 


where £ Èn is defined in equation (96). The same enli it (divided 
by two) is obtained for a spin-unpolarized one-electron state, 
The following comments regarding equation (29) can be made: 
(1) h is formally of the order of |e,,|~(aZ)* atomic units; (2)... 
h vanishes for an atom or for a molecule with a centre of - 
inversion symmetry; (3) A is in general non-zero fora molecule 
with a fixed orientation and without a centre of inversion; (4) 
if an average over orientations is taken for an ensemble of 
randomly oriented molecules, the resulting average helicity 
density A av is independent of the direction of p, and is non-zero 
only in the case of a dissymmetric molecule; (5) the expectation 
value (@- p.), which is obtained from the right-hand side of | 
equation (29) or equation (28a) by replacing p, with pe and T 
integrating over all momentum space, is identically zero to first _ 
order in the spin-orbit interaction. Proofs of these statements 
will be given elsewhere. The helicity density is an observable. 
property of atoms and molecules which apparently has not been | 
considered previously. 
The asymmetry in the cross-sections for triplet Ps formation | 
in dissymmetric molecules may be calculated from the helicity . 
density by means of an approximate equation derived from 
equation (13): 








1 [AOIF OPP: hala) z aran 
6 f dQ'lF,,(O) OR 


where F>,(Q) is the Fourier transform of the product of the Ps 
wave function and an effective potential energy for the interac- 
tion between the incident and target particles, q= =P'-p,Q= 
4(q@—p), and where the other quantities have been defined oy 
previously. A similar approximate relation is obtained for the ede 
radiolysis asymmetry: | : Te 


Hp, = 


ee 












1 peo -F372 dE.p.pr Í dO, dQ Fat 6.)Fa( ð»: waa a 
2(P 7 Ge pap | dh daR) S 


Fie (Q,) ~ Fr(Q,)Fa GMAC E Bi) 


where Fr is defined similarly to Fp, and where. Q, = =f,- Pp. 
0,=p.—p, and 4=p,+p.—p. The effect of Fp, or Fe is to 
weight the integrands in equations (30): and 31) heavily towards .> 
small values of Q, Q,, and Q, to the extent allowed by energy — 
and momentum conservation. The primary advantage of writing 
Hp, and Hp in terms of the helicity density is a simple unified 
semiquantitative understanding of the mechanism producing 
these asymmetries which is reminiscent. of the qualitative 
“helical electron gas” model of Garay and Hrasko’. eee 
Equations (30) and (31) indicate that the signs of Hp, and 3 
Hx are determined by the function p- Gia.(q), since all of the 
other quantities appearing in these equations have a. positive 
sign. In view of the expected difficulty of accurately calculating 
the sign of hay theoretically, an important question is whether. - 
the sign of Hz at high energies can be predicted from. a knowl- 
edge of the sign of Hp, at low energies, as the latter may be- 
determined experimentally by the methods of ref. 7. As yet the - 
dependence of ha, on the bound-electron momentum q is not 
understood sufficiently to answer this question, but if it can « 
eventually be answered in the affirmative, the positronium. — 
formation BR measurements mayi then be able to pro- X 
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: ~ Secretory protein translocation across 
- membranes—the role of the ‘docking protein’ 


David I. Meyer, Elke Krause & Bernhard Dobberstein 


Division of Cell Biology, European Molecular Biology Laboratory, D-6900 Heidelberg, FRG 


On emercence of the signal sequence of nascent secretory proteins from the large ribosomal subunit, translation is stopped 
y ı cytoplasmic protein complex. A specific membrane protein of the endoplasmic reticulum, the ‘docking protein’, 
eases this block and allows further synthesis to be directly coupled to transfer across the membrane. 










etory proteins are extended at the N-terminus 
o acids, the signal or leader sequence". This 
ts functional equivalent’, is required for the l 
insfer of the protein across the- membrane of the Activity in: = 
ndoplasmic reticulum (ER)'**. On emergence of the signal Reticulocyte 
ena from the arger ribosomal subunit, the ribosomal com- Microsomes/components Wheat germ lysate 

ex specifically makes 







Table 1 Ability of protein components to restore translocation activity 
to microsomal membranes 















o. transport ‘nascent. secretory proteins is lost Sheed SRP a # 
h microsomes are exposed to high salt concentra- EE EAT p ji a 
A protein complex of molecular weight (MW) 250,000 Rough microsomes (RM) in combination with isolated factors a 
) is removed from the membrane i in these conditions, or SRP) were tested for their ability to translocate nascent protein 
ch results in the loss of translocation activity'”°°. Recently, wheat germ and reticulocyte lysate systems. To exclude the possi 
it was determined that this 250K. protein, referred to as the that reconstitution was being mediated by. contaminating pro 
gnal recognition protein (SRP), functions in vitro by selectively DP, preparations, controls were done using a specific anti-D’ 
ing the translation of nascent secretory proteins’'. When antibody**. In these controls the antibody was used to specific 
7 shed rough microsomes are added to the SRP-blocked remove DP, from the preparations. Such. controls were perfo' i ed 
translation continues and translocation of the nascent Seca e ine sie pny Rema sn na? o 
de occurs”. The question. then arises as to which ER- 
membrane component is responsible for relieving the see Wee Tenet Heres’. Wis Kii aned RM Mee. 


, treated and KCl-washed RM; SRP, signal recognition protein; DP. | 
tion block. We have recently shown that a 60K peptide cytoplasmic fragment of docking protein released by elastase and high 


e released from salt-washed r ough microsomes by elastase salt. Microsomes and factors were prepared and assays carried out as: 
| high salt treatment'*"*. This component is ER-specific, is described previously'*’°?° | 


required for vectorial transfer of secretory proteins, and is 

derived from a membrane-bound protein of molecular weight ee 
7K (ref. 22). So far, the role of a 72K protein has ETE We report here that this protein is indeed the molecule which | 
unknown u relieves the SRP-induced block. Translation can then proceed. 


when the initiated ribosomal complex has made contact with. 
the correct membrane, that is, the one containing the 72K 
protein. In accordance with this function, we shall henceforth _ 
refer to this molecule as the ‘docking protein’ of the ER. We _ 
also report the presence in the cell cytoplasm of a functional. 
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ee ee ee equivalent of the microsomal signal recognition protein. 
WG R WG R WG R i E 
RM  RMęk RMek Signal recognition protein interacts with 
| Translocation activity of rough microsomes assayed in docking pr otein 
erm and reticulocyte lysate. RM, whole rough microsomes; Previously published data suggested that the source of the — 
-washed RM; RMpx, elastase-treated, KCI-washed cell-free translation system affected greatly the translocation 






heat germ lysate; R, reticulocyte lysate system; pLi, 
chain; Li, authentic IgG light chain. Membranes 
d and in vitro translations were performed as 
ously ai ". Translocation mated is ; measured as 








capability observed for salt-washed microsomes (compare refs. 

14, 15 with 19, 20). Whole rough microsomes (RM) were fully. 

active in the wheat germ and reticulocyte lysate systems (Fig... 

1, lanes 1 and 2). Salt-washed microsomes (RM,), however, 

were only active in the reticulocyte lysate (compare Fig, 1, la 

3 with lane 4). Microsomes treated with protease and; high sa 
P (RMax): were ina . (Fig nes. 




























































































ytoplasmic domain from the 72K docking protein (referred to 
‘as ‘docking protein fragment’, or DP,)’*. To define the require- 
: nese of translocation more precisely, we recombined the two 
“ factors with the various inactive rough microsomes and tested 
these in the two translation systems. The addition of the 60K 
_. fragment conferred activity on RMex in the reticulocyte lysate. 
system alone; this combination is hence functionally equivalent 
to RMg (see Table 1), It should then be possible to add SRP 
to RMex + DP; and restore activity in the wheat germ system. 
= This was indeed the case, suggesting a functional identity 
: between RMger + DP; +SRP and whole rough microsomes. We 
-therefore conclude that two components are required to restore 
full activity to RMex: the 60K DP, fragment and the 250K 
complex (SRP). It is clear also that reticulocyte lysate con- 
tributes the functional equivalent of the SRP. 
‘The fact that the SRP and the DP, could be removed sequen- 
-tially from rough microsomes suggested a possible interaction 
‘between them. To test this, membranes (RMex) were incubated 
‘with either SRP or DP,. After washing, the membranes were 
ssayed in the wheat germ system in the presence of DP, or 
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50 100 
% Of control 
= Fig. 2 Sequential reconstitution of translocation activity from 
-isolated components. Inactive rough microsomes (RMex) were 
allowed to bind DP; or SRP, and assayed in wheat germ in the 
presence of the component that was omitted from the preincuba- 
tion. a, Lane 1, RMex; lane 2, RMgx charged with DP,; 3, RMex 
charged withDP, assayed in the presence of SRP; 4, RMex charged 
with SRP assayed in the presence of DPr; 5, intact rough micro- 
some control. RM, DP; and SRP were prepared as described 
elsewhere '*''°*°. Activity is defined as described in Fig. 1 legend. 
b, RM, were treated with anti-DP, IgG, washed and assayed for 
~ translocation activity in the presence of SRP in a dithiothreitol-free 
` : c wheat germ system. Lane 1, activity of RMx pretreated with PBS; 
~ 2. activity of RMg pretreated with normal rabbit (NR) IgG; 3, 
activity of RM, pretreated with an affinity-purified anti-ER gly- 
<0 eoprotein antibody specific for antigens on the surface of RMx 
“vesicles; 4, activity of RM, pretreated with anti-DP, IgG”. In 

“the membrane- affinity-based translocation assay, 2.5 ul rough 
-= gnicrosomes (Argo = 60 ml t) were incubated in the presence of 
the fraction being tested at 0°C for 30 min in conditions where 
KCI concentration = 50mM. The membranes were pelleted by 
==> centrifugation at 12,500 g for 20 min, then the rough microsome 
-pellets were washed and suspended in the complete wheat germ 
<< cell-free translation system and assayed for translocation activity. 


were assayed inthe presence of SRP (Fig. 2a, lane 3) the activity 
-was restored to the level of whole rough microsomes (Fig. 2a, 
Jane 5), No reconstitution was observed (Fig. 2a, lane 4) for 


~ somes. 







n method described i in n Fig, 2 legend), the membranes’ è 


y 2 boat os np 
SRT). Bn N hereas salt washing in- 
onjunction with proteolysis removes from RM, an active 60K — 


RP, respectively. In agreement with the results given above 
Fig. 1), neither RMgx (Fig. 2a, lane 1) nor RMex charged with | 


"DP; (lane 2) were active. When the RMgx~DP, membranes | 


< RMex pre-incubated with SRP and assayed in the presence of — 
“DP; These data demonstrate that DP, must be present on the ' 
membrane for SRP to interact functionally with rough micro- — 


Further evidence for the functional interaction of DP; with 
l SRP is provided by data obtained using a specific anti-DP, 
` antibody”. When RMg were charged with this antibody (by 











Elastase 
high salt 





Fig. 3 Dissection and reconstitution of rough microsomes using sae 
protease and high salt: When rough microsomes are treated with ? 
0.5 M KCl, translocation activity is lost in wheat germ (due to the 
salt-mediated removal of SRP) and RMx are generated which are 
nonetheless active in reticulocyte lysate. Treatment of salt-washed 
microsomes (RM,.) with elastase and high salt yields RMgg which ` 
are inactive in either system. This is due to the loss of a 60K - 
peptide fragment from the docking protein (DP,). Reconstitution 
can be achieved sequentially by re-addition of DP; to RMgx (thus 
restoring activity in reticulocyte lysate) followed: by re-addition | 
of SRP to RMex-DP; membranes. In this way full reconstitu 
is achieved in both cell-free systems.. a 














no longer able to interact functionally with SRP (Fig. 2b). RM, 
incubated with either pre-immune IgG or an ER-specific anti- 
body directed against other antigens on the cytoplasmic surface 
of rough microsomes were still fully active when assayed i in the 2 
wheat germ system in the presence of SRP. oe 

A model summarizing these findings is shown in Fig. 3: High 
salt concentration removes the 250K complex (SRP), yielding. 
RMg which are inactive in the wheat germ system. Proteolysis 
and high salt remove the 60K portion of a larger membrane 
protein (DP), yielding RMex. which is inactive in either systen 
Reconstitution occurs in the reticulocyte lysate when D 
added to RMgx and in the wheat germ system when DP a 
then SRP are added to RMex. 











aa 
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Fig. 4 SRP-induced block of translation of secretory proteins. is 

removed by DP;. Translations in the wheat germ. system were 

blocked by the addition of SRP. We examined the ability of 

different membrane preparations to overcome this. block. Lanel, 
products of light chain mRNA-dependent cell-free translation _ 4 
(15 min) in wheat germ in the presence of SRP: Note the large =~ 
accumulation of 8-9K material labelled ‘block’. Lane 2, addition — — 
at 15 min of RM, toa ‘blocked’ translation, observed at 40 min. 
3, As in lane 2 except that RMgx was added instead of RMg. 4, © - 
Same as lane 1. 5, As in lane 2 except th t RMex + DP; was added ae 
instead of RMy. 6, As in lane 2 except that DP, was added instead. 
of RMx (note the increase s opposed to Li due to the 


absence of. ‘membranes) ranslation anaye were a 
| Blobel**. ee 














| e recently detonstrated that the SRP arrests 
nm of preprolactin | in the wheat germ cell-free 
‘his phenomenon is characterized by an accumulation 

mplete nascent peptides having a molecular weight of 

K. A similar result was obtained for IgG light chain (Fig. 
Janes 1 and 4). This. block is removed by the addition of 

Mk (lane 2). Then the question arises: with which membrane 

~ component does SRP interact to result in the resumption of 
_ translation? DP;, RMex or both could be required. As shown 
_ in Fig. 4, the block (lane 1) was removed by adding RM, (lane 
2), but not by addition of RMgx (lane 3). When DP, was added 
-to the RMex, the block was removed (lane 5), The same effect 
: -was obtained when DP, alone was added to the blocked system 
(lane 6). Thus we conclude that DP, is necessary for the resump- 


ee ated 


tion of | translation and translocation, while the residual mem- 




























aetntion of secretory proteins blocked by 
uble protein | in Rereaosy fe — 





ate Saton. but not in wheat germ, uted 
TED to SRP must exist in the oe 


lt sonditions, Lysate . fachon: were tented ‘by allowing the 
omponent to bind to RMx and assaying for reconstitution of 
anslocation activity in the wheat germ system. The use of such 
ffi y-based assay was necessary, as direct addition of 
inhibited the wheat germ cell-free system. 
extremely sensitive. Several properties 
factor were determined; the results (Table 
yat thi | factor has several of the basic features of 
idic protein of MW ~250,000, has a hydrophobic 
nd blocks translation of nascent secretory proteins. 
ulocyte factor-induced block can be removed by 
<M, as was observed in the case of SRP. The presence 
> lock-inducing substance such as the reticulocyte factor in 
ticulocyte lysate may explain why the cytoplasmically-located 
cleocapsid proteins of certain viral mRNAs were translated 
well and the membrane proteins only poorly’, Due to the small 
antity of the reticulocyte factor in reticulocyte lysate, it has 
not been. possible to determine whether its subunit composition 
1e same as that of SRP. 
e cytoplasmic location of reticulocyte factor suggested that 
may also be only transiently associated with the membrane, 
d that it is present in the cell as a soluble, cytoplasmic factor. 
sing the membrane-affinity assay described in Fig. 2 legend, 
‘we found that post-microsomal supernatants of dog pancreas 
contained a substance capable of restoring activity to RM, 
when assayed in the wheat germ system. It possessed all the 
ieee el a E A 
oe Table 2 Properties of the reticulocyte factor 
TSS iam rr SE ie a a a ce AU TA A 






















Method of 
| Property determination 
: | Proteiiaceous Proteolysis 
> Salt-linked to rough microsomes Microassay 
Acidic pl. DEAE binding* 
‘drophobic w-NH; pentyl agarose* 
V = 250,000 Sucrose gradient* 


Translation in 


ock translation of 
nae it wheat oe 








to. reconstitute translocation activity of RMk in the wheat 
vas tested by adding various lysate-derived fractions using 
scribed in Fig. 2 legend. For ‘Proteolysis, | the reticulocyte 
ated with trypsin (20 ug ml~') for 20 min at 25°C and 
the assay system. described in Fig. cs legend. In the 

eticulocyte brought to 0.5: in KCl; and 


om, 


%. Processing 
LFT 
kam 


E AE E EENAA 


50 “100 200 
wl lysate per 200 pl | E 
Fig. 5 SRP-like activity of reticulocyte lysate and dog pancreas. 
post-microsomal. supernatant. Reticulocyte lysate and dog pan- 
creas supernatants (both depleted of ribosomes by centrifugation) — 
were assayed for their ability to restore translocation activity to hr 
RMx in the wheat germ system. 2.5 ul of RM, (Argo = 60 mt Vs n 
were incubated with reticulocyte lysate or pancreatic soluble phase - 
(both corrected to 40% (v/v) homogenates) in amounts indicates 
on the abscissa. The membranes were washed and assayed. fo 
translocation activity in wheat germ lysate. Activity is express 
as the % conversion of pLi to Li. @ Reticulocyte lysate; O O, do 
pancreas supernatant. 
characteristics of reticulocyte factor (see Table 2) and SR 
addition, a fivefold higher level of SRP-like activity was f 
in dog pancreas supernatant when compared with reticulo 
lysate (Fig. 5). These findings are consistent with the fur 
role of SRP in translocation. The: delay i in translation of si 
tory proteins, that is, until contact with the p oper | me 
has been made, would be optimally localized i in the cytop 
compartment. a 


Implications and conclusions 


A model consistent with all the data reported here, and Ww 
data obtained previously '*"*'*”, is shown in Fig. 6. The it 
events in protein translocation can be described as foll 

Synthesis of a Secretory protein is initiated on free ribosome 























_ After 60-70 amino acids have been polymerized and the si ; 


sequence has emerged from the large ribosomal subunit, furt 
translation is interrupted by SRP*'. This block persists 
contact is made with the 72K docking protein of which th 
fragment (DP,) represents the cytoplasmic domain. At this po 
translation, coupled with translocation, proceeds. 

Such a sequence of events ensures optimal co-translational ; 
processing of secretory proteins, even when synthesis commen- 
ces on free ribosomes. The presence of a cytoplasmic form of 





Fig. 6 Sequence of events in ER-specific translocation of secre-. š 
tory proteins. Initiation begins in the cytoplasm on free ribosomes. | 
Translation is blocked by SRP (component 1) after 70-80 amino. 
acids have been polymerized and the signal sequence emerges 
from the large ribosomal subunit (shown here in cross-section), 
This arrest of translation persists until contact is made with the 
‘docking’ protein (component 2) which is a 72K, ER-specific. 
membrane oe Translation then: resumes. and Hane GeaNOn 
a : proceeds. 2 Le 











membrane can be operationally defined:as one which contains 
“the docking protein. This protein | has been shown to be restric- 
ted to the endoplasmic reticulum” 
‘The 72K docking protein is the first site of” interaction 
between nascent secretory proteins and the ER membrane. An 
understanding of the function of this protein and SRP explains 
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e production of human interferon in mouse L cells. 


1E interferons (IFNs) are a class of proteins capable of induc- 
of viruses’. Almost all cell types produce one or more inter- 
-ferons upon induction with virus or a synthetic inducer such as 
double-stranded RNA’. FS4 cells, primary human fibroblasts, 


Biological function’ in response to the inducer poly(rDpoly(rC). 


“period of several hours’ during which the IFN-8 mRNA 


treatment with inhibitors of protein synthesis®. This treatment 
tion)". It has been suggested that continuous protein synthesis 
_ involving the participation of other genes in IFN-8 regulation’, 


We have analysed the induction of human IFN-8 and inter- 
feron-associated genes in human fibroblast and lymphoblastoid 








on this family of genes. 











mouse L-cell clones contain ning. defined fragments f 





only after the correct Membrane has been contact d. such lat 


Inducibility of human B-interferon gene in 
mouse L-cell clones | ee 

Hansjörg Hauser, Gerhard Gross, Wolfgang Bruns, Heinz-Kurt Hochkeppel, SS 

Ulrich Mayr & John Collins E 


Abteilung Genetik, Gesellschaft für Biotechnologische Fersenite mbH, Mascheroder Weg1, D-3300 Braunschweig-Stöckheim, FRG 


` Transfer of a 36-kilobase piece of human DNA containing the B-interferon UIFN-B) gene into mouse Lik calls leads 
to transient expression of human interferon even without an exogenous inducer. A low level of human interferon expression — 

is also found in most stable clones containing the transferre 
rus (NDV) as inducer, human interferon expression is greatly increased. The induced transcript is identical to nor 
iman IFN-B mRNA. Neighbouring genes contained on the transferred DNA are co-induced but are not essentia 


d DNA. With double-stranded RNA or Newcastle disease — 


ing an antiviral state in many cell types against a wide range. 


‘produce IFN-8 (ref. 2) and several other proteins of unknown 
-Tn these cells interferon is normally synthesized for a limited 


: accumulates and then rapidly disappears’. The shut-off occurs 
-ip the continuous presence of inducers and can be delayed by 


| then allows the accumulation of IFN-8 mRNA (superinduc- 


2 supplies the cell with IFN-68 mRNA degrading protein(s), thus. 


cells” ° and have previously reported the isolation and physical . 
characterization of a 36-kilobase (Kb) region of the human 
genome including and surrounding an intact IFN-6 gene'’. The . 
discovery that other poly(rI)poly(rC)- -inducible genes are 
located in this cloned region presented. the possibility that _ 
egulatory functions were acting through a common pathway 


-We describe here the ‘production of human interferon i in _ 






soluble components povided by the: cell-free translation aa po 
tems function in this process. Their identification would require <4 
further fractionation of the lysates. te 
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Deutsche Forschungsgemeinshaft. 





11. Prehn, S., Tsamatonkas, A. & Rapoport, T. Eur. J. Biochem. 107, 185-195 (1980). os 

12. Majzoub, L A. eral J biel. Chem, 288, 11478-11483 (1980). ; 

13. Lingappa, V. R., Katz, F. N., Lodish, H. F. & Blobel, G: J. biol, Chem: 253; 8667-8670. ii 
(1978). 

14. Walter, P., Jackson, R. Č., Marcus, M. M., Lingappa, V. R. & Blobel, G. Prot. natn. 
Acad. Sci. LSA. 16, 1795-1799 (1979). 

15. Meyer, Del. & Bobberstein, B. J. Cell Biol. 87, 498-502 (1980): 

16. Meyer, D.L & Dobberstein, B. J. Cell Biol, 87, 503-508 (1980). 

17. Kreibich, G., Ulrich, B. L. & Sabatini, D. D. J. Ceil Biol. 77, 464-506 (1977). 

18. Warren, G. & Dobberstein, B. Nature 273, 569-871. (1978). 

19, Dobberstein, B. Hoppe-Sevler’s Z. physiol. Chem. 389, 1469-1470 (1978). ae 

20. Walter, P, & Blobel, G. Proc, nan. Acad. Sei. U.S.A. 77, 7112-7116 (1980). q 

21. Walter, P. & Blobel, G, J. Ceil Biol, 91, 557-561 (1983). 

22. Meyer, D. L, Louvard, D. & Dobberstein, B. J. Cell Biol. 92, 379-583 { 1982), 

23. Revel, M. & ‘Groner, Y. A. Rev. Biochem. 47, 1079-1126 (1978). 
















human genome surrounding and including the ia IFN-g 2 
(HulFN-8) gene. The human IFN-6 gene is clearly inducible . 
with a spectrum of induction protocols which refiect the respon- A 
siveness of the mouse cells’ own interferon genes rather than — 
those of human fibroblasts. Because a 1.9-kb DNA fragment 
carrying only the structural gene of HulFN-@ is sufficient to | 
allow induction, the neighbouring genes located on the human a 
chromosomal DNA are not essential for the human interferon z: 
induction in mouse L cells. REA 


Isolation of mouse L cells containing 
HuIFN-6B cosmid DNA 


We have co-transferred'' cosmid pCosIFN-8 DNA containing _ 
the human 6-interferon gene’ (Fig. 1) together with plasmid 
pHC79 2cos/tk DNA containing the herpes simplex virus 
thymidine kinase gene” into mouse Ltk- cells. More than 20 
hypoxanthine~aminopterin-thymidine (HAT)-resistant clones 
were isolated, The single clones were maintained in culture for. 
over 50 generations of HAT medium. before further studies at. 
the molecular level were carried out. During this period the- 
properties of individual clones with respect to interferon pro- 
duction remained unaltered, High molecular ea DNA ge 



















rE) inducer. Theu upper 
zed form of pCosIFN =B. 
pJB8 (filled bar)". 
\ part is shown as an open 














2 the hatched regions which 
e quences repeated on human nars f 
mosomal DNA. Transcripts hybridiz- serge Pe hed 
ng to pCosIFN-@ sequences are depicted S Pa 
is black bars. The lower enlargement of EcoRI 





-the 1.9-kb Eco F fragment shows the loca- 
tion of the IFN-B gene transcript and the 
fragments (EcoRI-Beglll and Hincll- 
-EcoRI which were used for S, -mapping 
of the interferon transcript (see Fig. 4). 







-cell clones. Hybridization with the 1.9-kb Eco fragment of the 
cosmid clone gives rise to a single band of the original size in 
_ FS4 DNA and DNA from both cell clones. Due to middle and 
highly repetitive DNA contained in the cosmid clone", 
_ hydridization of total cosmid to FS4 DNA leads to a background 
thich obscures discrete bands. 

Both mouse cell clones contain all Eco fragments present in 
cosmid pCos IFN-Q, indicating that most of the transferred 
[A is in the original configuration. This could be explained 
insertion of the transferred DNA into the genome in the 
of concatenates. Such a tandem array would be a good 
trate for cosmid rescue in which the in vitro packaging 
stem is used to re-isolate the cosmid DNA. directly out of the 
“genome (according to ref. 11). When this experiment was car- 
¿ried out, pCosIFN-8 clones could be re-isolated with an 
f efficiency. of ~20 clones per ug of mouse hybrid 2, genomic 
W np lished results), thus supporting the 
, if not all, of the cosmid copies are 
2. By comparing the band intensities after 





















tive human interferon can be induced 
n mouse cell clones 


ie cell clones tested showed low levels of constitutive human 
terferon production (10-100 U ml”). On 4h induction with 
ly(rDpoly(rC) plus DEAE-dextran (25 and 100 ug ml”, 

respectively), the interferon production in 19 out of 20 clones 
‘tested was enhanced to levels 4-1,000-fold higher than the 
constitutive base level production (Table 1). The levels of 
terferon production were determined by the antiviral assay 
th vesicular stomatitis virus as challenging virus on either 
34 or Vero cells (for assaying the human-specific activity) or 
‘mouse L cells (for assaying the mouse-specific activity)’. 

Although mouse L cells are known to produce a- and B- 
‘interferons on induction’, tests on induced Ltk* control cul- 
tures for cross-reactivity showed no interferon activity in either 
human FS4 or monkey Vero cells. Furthermore, the antiviral 
activity of purified HuIFN-8 was 1,000-fold higher on human 
han mouse test cells, 

= Inclone 24 the Newcastle disease virus (NDV)-induced levels 
: of HulFN-8 exceeded levels obtained with superinduced 
human FS4 fibroblasts, whereas mouse IFN production in the 
clone containing the HuIFN-8 gene remained unaffected by 
the presence of the heterologous DNA. The human IFN-8 gene 
responded to induction in the same way as the mouse genes: 

onditions of superinduction, a very low level of interferon 
d and induction with NDV was more efficient than 
er inducers (Table 1a). These data on the dominance 
yuse cell over the response pattern of the human 
gene agree with the findings of Graves and Meager” 

mined human interferon induction in human—mouse 
types (from somatic cell fusions). 

owski-Stewart et al.’° have shown that the cell death 
nduction in human fibroblasts is largely due to the 
atment and that. if another RNA in 
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used, interferon induction may be repeated with the same cells. 
at weekly intervals. We attempted repeated cycles of interferon 
induction with the mouse cells clone 2, using a 72-h cycle, and 
allowing 48 h for recovery in fresh medium. At least five cycles | 
could be carried out without loss of interferon synthetic capacity 
(Table 1b). a 
Although there was little doubt that the interferon induced 
in the mouse cell clones and assayed on human cell lines was- 
indeed HulFN-8, we tested the characteristics of the prot 
further by immunological methods using monoclonal ani 
HulFN-6 antibody”. The test involved gel electrophoresi: o 
extracellular protein and electrophoretic blotting of this gel on: 


A B 














> 
l 


20O timo Ow 
iil 





a b c d a b ¢ d 


Fig. 2) Analysis of pCosIFN-8 DNA in mouse L-cell clones. Mouse Ltk 
cells were transformed using the calcium phosphate technique”? with. 
250 wg supercoiled pHC79-2cos/tk”DNA, 10 ug supercoiled pCosIFN-6 
DNA and 10 ug Ltk” carrier DNA per 5 x 10° cells.. Two established Lekt "i 
clones (12, and 24) were analysed as follows. High molecular weight DNA ` 
from the clones was cleaved with EcoRI. 124g of DNA was run in each... 
lane of a 1% agarose gel, transferred (blotted) to nitrocellulose paper’? | 
and hybridized with either °*P-labelled pCosIFN-8 DNA(A) or Eco F 
fragment (B). a, Mouse Ltk~; b, F854 human fibroblast DNA; c, Ltk* clone 
24; d, Ltk* clone 12,. A-I indicate the size of Eco. ragent typical of 
. aged as in Fig. tee 7 
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o Cell type, +poly(rl)poly(rC) - Superinduction: ee 
_ Human FS4 | <5 1,600 12,000 
fibroblasts <] . <i <1 <i 
_ Mouse Ltk <5 i <5 =s E OES R 
<} : 130 o 32 300 Mor 
-Mouse Ltk” 50 12,000 6,000 56,000 Human 
+pCoslFN-f <Í 130 32 300 Mouse 
clone 2, B 
Mouse Ltk” 10 3.200 q = 
+pCosIFN-£ i : ND ND estes 
alone 12, <] 130 Mouse 
h Human interferon titre (U ml’) 
Day 1 Day 4 Day 7 Day 10 Day 13 ees 
Clone 2, 6,500 3,200 12,000 6,500 | -6,500 
: Clone 12, 3,200 1,600 3,200 1,600 ND 


= oa, The supernatants were screened on FS4 or Vero celis, specifically for human IFN, and on mouse Ltk” ceils, specifically for mouse IFN, in an antiviral ey 

Human IFN activity is given as international reference units and mouse IFN in arbitrary laboratory units. Induction with DEAE-dextran: plus poly(rl)poly(rC). {190 4 
nd 25 wg ml’. respectively) was performed for 4h in serum-free Dulbecco’s minimal essential medium (DMEM). For superinduction the cells. were incubated for “* 
4h in serum- -free medium with 25 ug ml! polyirI)poly(rC) plus 50 ag mI cycloheximide and 3,5-4 h after induction with 5g ml"! actinomycin D. Induction with in 
NDV Beaudette C was carried out by addition of 10 plaque-forming units of UV-inactivated NDV per cell in serum-free DMEM for 1 hi Following these inducti 
periods the cells were washed thoroughly and incubated for a further 12h in fresh medium plus 10% calf serum (10 ml per 2x 107 cells). before assaying he IF 
content in the medium. b, Confluent monolayers of L-cell clones 2, and 12, were induced for 4 h with DEAE-dextran-bound polyirPpoly(rC). (see a), IFN pr 
ter 12 h was in a minimal amount of serum-free medium (10 ml per 2x 10” cells} after washing. The cells were allowed to recover for 48 h in medium plus: ser 


and were then reinduced using the above protocol. ND, not determined. 







o nitrocellulose paper (‘Western blot’). Proteins having 
immunological cross-reaction with HulFn-@ were stained. As 
can be seen in Fig. 3, induced mouse Ltk” cells produced no 
“cross-reacting material but the mouse clone 2, produced a 
-major band identical in size to HulIFN-8 (molecular weight 19, 
500 (19.5 K)) as well as a minor band some 800 daltons smaller, 


ranscription of human interferon gene 
in mouse cell hybrids 


The transcription of the HulFN-p gene in mouse cell clone 24 
-was studied by S, mapping’*”” using labelled DNA fragments 
of the Eco F fragment (Fig. 1). The 5’ ends of the IFN-8 mRNA 
rom FS4 cells and mouse clone 2, were compared. The Hinc- 
co fragment encompassing the 5' part of the transcribed and 
transcribed human IFN-6 gene was labelled at the Hincll 
te and cut from the vector with EcoRI’. When hybrids between 
this fragment and total or poly(A)-containing RNA from FS4 
nd clone 2, cells were treated with S, nuclease and analysed 
yn sequencing gels, a set of identical fragments of ~75 bases 
were protected against digestion by RNA from induced clone 
2, cells and from superinduced FS4 cells, indicating that the 
inducible HulFN-6 transcripts are initiated at an identical site 
in both cell types (Fig. 4A). In contrast, no IFN-8 RNA having 17.5K- | 
distinct 5’ ends is present in uninduced cells of either type (Fig. Fig. 3. Analysis of human IFN-g from a mouse cell hybrid using a monos > 
4A). clonal antibody-driven enzyme-linked immunosorbent assay. Supernatants. 
Nonspecific transcription starts can be deduced from the were collected from mouse Ltk” cells (a) or mouse Ltk™ clone 2, cells ic) 
following experiment: the S, nuclease method was used with oo ee REA Cn ee a se ee 2 
the Bglll-Eco fragment comprising the 3’ part of the IFN-6 were precipitated with 10% trichloroacetic acid and the pellets washed 
` gene region (Fig. 1) to detect transcripts undergoing specific three times in acetone (0°C) and once with cold ether. After lyophilization’ ; ee 
termination within this region. RNAs terminating specifically the pellets were suspendéd in SDS-sample buffer. As a positive control, 
within this sequence were present in uninduced as well as in human IFN-8 from FS4 human fibroblasts was used in position.b. Molecular 3 : : 
induced clone 2, cells (Fig. 4B). This is in contrast to the 


weight markers were run in lane d. Ali these samples were run on a 15% 
SDS-polyacrylamide gel according to Laemmli”. This gel was blotted 
transcription in FS4 cells in which no IFN-8 gene transcripts 
are detectable in the non-induced cell. 








— Myoglobin 








electrophoreticaily (a ‘Western blot’) onto a nitrocellulose sheet (Millipore) 
as described by Towbin e?-al.**. The section, of the blot. containing the 
molecular weight markers (d) was stained with amido black. The other 





















Specific start site eee is haracterized by a‘ 


To clarify the nature of these transcripts, we examined inter- 
7 eron-specific RNA by Northern blotting” in clone 24, identify- 
ing interferon-specific transcripts by hybridization with nick- . 
translated Eco F DNA (Fig. 5). A 9S RNA species correspond- © 
ing to IFN-8 mRNA predominated over the background only — 
after induction. The background present in RNA from induced — 
and. non-induced cells reflects transcripts of heterogeneous - 
length mostly longer than 9S. The transcription of this | 
heterogeneous RNA in mouse clone 2, is probably due.to — 
multiple non-specific transcription starts” far upstream of the : 


sections were tested for human IFN-8 content by the: following treatment: ke 
(1) 2h at 25°C. in 5% bovine serum albumin: (BSA)/ 5% horse serum to. 
saturate nonspecific protein binding. sites; (2) wash in Tris buffered saline, . 
pH 7,4; (3) mouse monoclonal (ascites fluid: Ig man IFN-g was 
added at a 1:100 dilution in 5% ‘BSA/5% ‘horse pay 0.01% sodium 
azide and incubated for 24h at 4 °C. After a furthe washing step (4) the 
blot was soaked for 16h in: rabbit (IgG) anti-mouse IgM (1:500 in 5% 
SAEN 5 Ys: une senim) and after a noeg wash (5) was incubated for 16 he 





























































































se mappingof HulFN-B = 
and mouse L-cell 
RNA was extracted from 
aft r superinduction and 
x¢ 2, cells which had been 
f h with DEAE-dextran- 
-poly(rI)poly(rC). The **P-end- 
| probes (compare Fig, 1) for map- 
mg the F and Y ends from hulFN-6 
‘MRNA were prepared as described else- 
where”. 1 ag of poly(A)-containing RNA 
>. from FS4-cells and 25 ug total RNA from 
“mouse cells were used for hybridization 
with an excess of the end-labelled DNA 
fragment in. 80% formamide buffer. 
Hybridization was performed at 42°C for 
aoe 12 h. The 5 hybrids (A) were treated with 
a high concentration of $,-nuclease 
>o (8,000 U mi") to reduce the amount of 
unhybridized DNA fragment. For 3'-end 
napping, 1,000 U ml? $, nuclease was 
sed. The hybrids were denatured and run 
lenaturing 6% acrylamide gel (A for 
te 5’ probe} or a 2% alkaline agarose gel 
} for the. 3’ probe), and the gels were 
sd and autoradiographed at ~70°C, a, 
induced FS4 RNA: b, induced FS4 
NA; c, uninduced clone 2, RNA; d, 
lone 2, RNA; e, undigested 
gment used for hybridization: f; 
end-labelled pBR322 DNA digested 
h Haelll; sizes are indicated in bases. 































equences typical of eukaryotic promoters". The pro- 


the complete Hinc-Eco fragment with RNA from 
and non-induced clone 2, cells (Fig. 4A, lanes c, d) 
Topea transcripts which start 5’ upstream of the 















resence of human IFN-8 RNA with distinct 5’ ends in 
ed mouse clone 2, is consistent with the production 
N-8 activity in this clone. Superinduced FS4 cells and 
ouse L cell hybrids express similar levels of HuIFN-6 
activity (Table 1a). 


anscription of pCosIFN-8 DNA i in 
ouse cell clones 


_FS4 cells, in addition to IFN-B mRNA, several 
rl)poly(rC) inducible transcripts can be detected which 
dize to the human DNA carried by pCosIFN-: a small 
A of ~5S hybridizes to the Bg/II A, C and F fragments, a 
NA hybridizes to Eco G and A fragments and a transcript 
of ~ 12-138 hybridizes to fragment Eco A (ref. 8). 
_. To determine whether the same pattern of RNAs is tran- 
‘scribed from the pCosIFN-8 DNA in the mouse cell clones, 
‘we isolated total and poly(A)-containing RNA from hybrid cell 
clones before and at several times after induction. Transcripts 
from the transferred cosmid DNA were identified by hybridiz- 
ation to Northern blots of nick-translated DNA from pCosIFN- 
B or isolated DNA fragments. Heterogeneous transcripts were 
found corresponding to most parts of the transferred pCosIFN- 
B DNA, including the vector DNA (data not shown). In addi- 
, Specific bands were detected in the RNA from clone 2, 
afte induction with poly(rI}(rC) plus DEAE-dextran (Fig. 5). 
resence of the background of heterogeneous transcripts 
ni induced state oo us from peas ete 








3 ae to aaa a i A, € and F rede could 
y identified (data with individual probes not shown). 
\ is most probably identical to that seen in induced 
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Regulation of human IFN- expression in 
mouse L cells 


To examine the influence of. flanking sequences on the regula. 
tion of interferon gene expression, we co-transferred pB] 
carrying the 1.9-kb Eco F fragment of pCosIFN-@ in pBR3: 
together with pHC79-2cos/tk into mouse Ltk” cells. Agai 
screening of single resistant cell clones for interferon productior 
and induction showed a low constitutive base level producti 
and variable inducibility of HulFN-8 (data not shown), indica 
ing that the 1.9-kb Eco fragment is sufficient for interfere 
production and response to induction. i 
Comparison of the kinetics of human interferon inductior 
and shut-off in cell clones containing either pCosIFN or pBR: 
DNA showed no Significant difference. This indicates that th 
neighbouring DNA regions present in pCosIFN-8 are not 
necessary for the regulation of the human @-interferon gene ir 
mouse L cells. 
The biological assay provides a sensitive and specific tool for 
measuring even low amounts of interferon production. We have 
examined transient expression of pCosIFN-8:and pBR13 DNA. 
in mouse Ltk” cells and, using the calcium phosphate technique, 
found production of up to 100 U ml~’ of human interferon in 
the cell supernatant up to 3 days after transformation. However, 
there was no further induction by DEAE-bound 
polyirDpoly(rC) during this period, although endogenous 
mouse interferon was inducible to a normal extent. This indi- 
cates that the ability of the IFN-6 gene to respond to induction: 
develops with the time after transfer. : 


Discussion 


The availability of cloned genomic DNA and its introduction: 
into heterologous mammalian cells allows the potential study ~ 
of gene regulation in a foreign environment. Many attempts to 
find a gene which maintains its induciblity in a heterologous 
background have been unsuccessful (for example, chicken oval 
bumin and rabbit B-globin genes in mouse cells”). However. 
recent findings with cloned mouse mammary tumour virus 
(MMTV) and rat a-microglobulin genes in mouse Ltk” cells 
have shown that hormone id ies Acs is maintained i in the 
new v environment” °°. Wf he ad | 
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. Fig. RNA transcribed from pCosIFN-8 in mouse Ltk” clone 2,. Total 
and poly(A)-containing RNA from clone 2, cells before and at different 
times after induction with DEAE-dextran-bound polyirDpolyirC) were run 
on 2% formaldehyde gels”, The RNA was transferred to nitrocellulose 
filters and hybridized to nick-translated Eco F DNA (A) or pCosIFN-B 
(B)*. After washing, the dried filter was autoradiographed at -70°C using 
an X-ray intensifying screen. Ethidium bromide-stained RNA served as 
size marker. A, 5 ug of poly(A)-containing RNA from uninduced (a) and 
7 h-induced (b) cells. B, 20 wg of total RNA from uninduced (a) and from 
cells 12h after induction (b). Nearly identical results with less intensive 
- hybridization signals were obtained with RNA from clone 12, (not shown). 





5 We have shown that in human fibroblasts and mouse L-cell 


-Of heterogeneous transcription starts is present in most mouse 
-L-cell clones. A basal level of human interferon activity in the 
-Absence of inducer may be due to translation of IFN-8 mRNA 
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The human TENS odoi. as ‘meas d by. a speties-. 3 
specific test based on biologcial activity, was further defined — 
immunologically with monoclonal | antibody. - Although the + 
major protein species detected in the medium had a molecular” 
weight identical to normally glycosylated HulFN-8 (molecular. | 
weight 19K) a smaller band was also observed: How these — 
protein bands are actually related to normal human interferon | 
remains an open question. The identity in size of the major 
band allows speculation that most of the HulFN-f induced is- 
glycosylated to the same extent as normal human IFN-B. 
(Mouse interferons have a larger molecular weight—24K and 
36K (ref. 14).) The presence of the second smaller band could- 
imply either a proteolytic cleavage or heterogeneity in the 
glycosylation. 

We have previously shown that some of the transcribed 
regions adjacent to the hulFN-§ gene are differentially regu- 
lated as, for example, in a comparison of human fibroblasts and $ 
lymphoblastoid cells". Although these other transcripts are not — 
as well defined as the IFN-6 mRNA itself, it was clear that at _ 
least one other ‘gene’ (for the 5S RNA) was specifically induc- < 
ible in the mouse clones to an even more dramatic extent than 
in human fibroblasts. As these neighbouring regions have little 
or no effect on the inducible transcription of HuIFN-8 in mouse 
L cells, we conclude that if these transcribed regions are invol- 
ved in the regulation of IFN-8 expression in. human fibroblasts, a 
their function has been replaced by mouse gene, product i 
the clones. 

The finding that transient expression of the hul N-B ge 
is unaffected by the presence or absence of inducer is an 
interesting phenomenon. It has been shown that transient * 
expression of several genes occurs in a large proportion of 
transformed cells?”7*, although very few eventually stably — 
maintain and express the gene. During stabilization of such — 
clones the transferred DNA which is organized in a high 
molecular weight form (transgenomic form) becomes associated a 
with chromosomes’. Most of the transiently expressed DNA — 
is not in such a transgenomic organization””. The inducibility — 
of the HuIFN-8 gene correlates with its establishment. in: a 
stably integrated form. os 

During preparation of this manuscript, Ohno sd 
Taneguchi*’ reported inducible transcription of RNA com- 
plementary to the Eco F fragment in mouse cells transformed 
with SV2 Eco gpt Eco F DNA. p 

We thank Dr Rentschler AG (now Bioferon AG) for prova 
ing us with induced FS4 cells and human -interferon standards, 
Karin Littmann for technical assistance, Dr A. C. R. Samson © 
for providing us with a range of NDV subtypes and Dr W. 
Lindenmaier for helpful discussion. A preliminary report of _ 
this work was presented at the 17th Harden Conference on- 
Interferon, Ashford (September, 1981). 
Note added in proof: Mantei and Weissmann”? have demon- © 
strated inducibility of human IFN-a 1 mRNA in NDV-induced a 
mouse L cell clones. as 
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a Tie Auman chromosomal a,-antitrypsin gene has been cloned. This gene is approximately 5 kilobase pairs long and 
: contains three intervening sequences in the peptide-coding region. DNA sequences coding for the amino and carboxyl oe 
- termini of «;-antitrypsin have been identified. Human a-antitrypsin and chicken ovalbumin show significant sequence 
— omology and belong to a common protein super-family. Yet the number, position and size of intervening sequences — 





eal that the two genes are dissimilar. 





ANTITRYPSIN is an important plasma protease inhibitor 

s capable of inhibiting a wide variety of serine proteases, 
proteases involved i in blood coagulation, fibrinolysis 

nin generation’ . Although a&,-antitrypsin is a plasma 

ein of hepatic origin, its primary site of physiological action 

y not be in the blood. There is evidence that it is transported 

by passive ea into the alveolar structure of the a and 
























H man a and thrombi oed The 
- ween elastase and a,-antitrypsin in the lung is 
ped genetically in individuals with an inborn deficiency 
ntitrypsin. This imbalance can lead to hydrolysis of the 
fibres of the lung by elastase, resulting in permanent 
ge to the alveolar structure'*"'*. Accordingly, individuals 
antitrypsin deficiency are 20-30 times more likely to 
develop chronic obstructive pulmonary emphysema than is the 
al population "$, 

e synthesis of a,- antitrypsin is controlled by an autosomal 
and allelic system*'’, and over 30 different phenotypes of the 
tein have been identified'*". In order to study the normal 
abnormal a,- antitrypsin genes, we have screened a human 
genomic DNA library using a cDNA probe prepared from 
baboon liver”. We report here the isolation and characteriz- 
ation of several clones containing the human chromosomal 
a,-antitrypsin gene. 


Overlapping genomic @,-antitrypsin clones 


Sixteen independent phage isolates were obtained when 2 x 10° 
plaques from the human genomic DNA library were screened 
using the baboon a,-antitrypsin cDNA clone”’ as hybridization 
probe. Subsequent analysis of the isolates indicated that they 
originated from four independent clones—a AT135, a AT35, 
a@AT80 anda AT101. The four clones were analysed by restric- 
tion mapping and Southern hybridization using as probes a 
boll fragment of pBaalal DNA, which contains the 3’- 
rminal region of the baboon cDNA”, and a Hhal fragment 
BAala2 DNA which is a baboon cDNA clone lacking only 
) nucleotides at the 5’ end of the mRNA”. These results 
stablished the orientation of the human a,-antitrypsin 
ndicate that the entire gene may reside within a 9.6 
as kb) EcoRI DNA fragment in the human genome 
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Mosaic structure of the human 
a,-antitrypsin: gene 


The overall structure of the human « :-antitrypsin gene was ; 
established by electron microscopy of hybrid molecules formed 
between the cloned chromosomal DNA and baboon a,-anti- 
trypsin mRNA. The mature mRNA consists of ~1,400 nucleo- 
tides. DNA was denatured thermally and hybrids were formed 
subsequently in conditions favouring RNA-DNA hybridizatio i 
but not DNA-DNA reassociation. Figure 2a shows two rer 
resentatives of 15 such molecules and the correspond 
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Fig. 1 Schematic representation of overlapping genomic clones of the == 
human chromosomal a,-antitrypsin gene. W, The a@,-antitrypsin gene. ~ 
region; =, transcription orientation. The vertical lines above and below 
the horizontal lines represent EcoRI] and HindHI cleavage sites respectively, 
The numbers indicate the distances between restriction sites in kilobases. 
The signs at the end of each clone represent the artificial EcoRI sites created 
during construction of the genomic DNA library by the method of Lawn 
et al.**. Approximately 210° recombinant Charon 4A phages. were 
screened for clones containing a,-antitrypsin gene sequences by the in situ o i 
plaque hybridization technique of Benton and Davis’, using ano 
amplification procedure previously described”. A hybridization probe for 
the a,-antitrypsin gene was prepared by Pstl and Mboll digestion of a Bee 
partial-length cDNA clone containing the 3'-terminal sequence of baboon: 
«,-antitrypsin mRNA”. The resulting 120 bp fragment was purified by -= 
preparative polyacrylamide gel electrophoresis** and the DNA fragments). 
were labeled with `P by nick translation according to the procedure of = 
Maniatis e: al.°”. As the probe was only 120 bp long and of baboon origin, 
the library screening by cross~hybridization was. carried out in slightly 
relaxed conditions (6 x SSC at 62°C). The a,-antitrypsin gene-containing 
recombinant phages were plaque-purified three times and phage DNA was 
prepared as previously reported". The genomic clones of the human 
@,-antitrypsin gene were digested with a variety of restriction enzymes in 
conditions suggested by the manufacturer, and the resulting DNA fragments 
were separated by agarose gel electrophoresis. DNA fragments were trans. = 
ferred from the agarose gel to nitrocellulose filters by the method of ~ 
Southern®’ and the filters were treated according to the procedure of ©. 
Denhardt™. Hybridization was carried out overnight with the labeled- 
baboon cDNA probes in 6 x SSC at 68 °C. Differential hybridizations involv~ 
ing either the S' or the 3’ portion of a baboon cDNA probe were performed ` 
as described above after bidirectional transfer of DNA fragments from agar 
ael- onto. nitrocellulose filters, by the method of Smith and Summers“. 





































































uman. rarioa 4 die antitrypsin 
“gene and baboon liver poly(A)- 
RNA, -——,  Single-stranded 
genomic human DNA; © 
baboon = a,-antitrypsin mRNA. 
‘Hybrids of the cloned human 
chromosomal a,-antitrypsin gene a 
(10 pg ml~') with the baboon liver 
poly(Aj-RNA (20 ngml- ') were 
formed in 70% deionized for- 
mamide containing 100mM Tris- 
HCI (pH 7.6), 10mM Na -EDTA 
and 30 mM NaCl. The mixture was 
heated at 80°C for 5 min and incu- 
-. bated at 55 °C for 3h, Immediately 
- after incubation, samples were pre- 
: pared for electron microscopy by 
diluting 0.1-0.5 ug of nucleic acid 
-v with 100 pl of a solution containing 
70% formamide, 0.1M Tris-HCl 








using a  Numonics electronic 
-= planimeter with 4X174 RD DNA 





by Roman numerals and intervening sequences (Ñ 


enzyme site (in parentheses) that was labelled (closed circle), 


.. The poly(A) tract in the mRNA i is eae visible j in the 
molecule. shown in | the right-hand paners, thereby 


-that the exon regions I, H, III and IV are approximately 0.71, 
appear to be located in the 3’ half of the mRNA. 


-into an EcoRI site of pBR322. The resulting clone, pAT9.6, 
was analysed by restriction mapping and Southern hybridiz- 


cut the baboon a,-antitrypsin cDNA insert in pBaala2 (ref. 


trons in the human a,-antitrypsin gene. As the baboon cDNA 
clone. was used to map the human chromosomal gene, the 


tually have cleaved the exons in the human gene due to 
sequence divergence between the two species. This possibility 
seemed urtlikely, however, because at least two hexanucleotide 
recognition sites are present in each of the three introns in the 

uman chromosomal DNA and absent from the baboon cDNA 
quence. The presence of only three introns in the peptide- 







GL. L, unpublished results). 





_- genomic DNA is from left to right. All restriction digests were performed in conditions suggested by the manufacturer. Horizontal arrows. 
“above the gene represent sequenced DNA regions (see Fig. 3). In each case, the arrow shows the direction of sequencing. and the restrictio: À 


as cleaved with EcoRI before hybrid formation with 
baboon mRNA, the smallest intervening DNA loop was 
very close to one end of the DNA molecule (not shown). 
Numonic measurements of the hybrid molecules have indicated 


0,33, 0.13 and 0.27 kb long respectively. Introns A, B and C 
care 1.45, 1.15 and 0.8kb long respectively, and all of them. 


To characterize further the human chromosomal a,-anti-— 
trypsin gene, the 9.6 kb EcoRI DNA fragment was subcloned — 
ation. Four exon segments were identified in the 9.6 kb EcoRI 
DNA fragment using a combination of enzymes that do not . 


<21). These results (Fig. 2b) confirmed the existence of three — 


restriction enzymes that did not cleave the baboon cDNA might — 


coding region of the human chromosoma! oe gene - 












(avall) —+ 
-- (pH8.4), 0.01M Na‘-EDTA and (Borst ee ‘esate 
100 ugm!’ of cytochrome c. The 5! ae 
mixture was spread onto a TT RAY STEEN 
“hypophase of distilled water. ssi 
` Samples were picked up on col- b Xbal L Xbal | 
_ledion-coated 300-mesh copper Hpall ` Kpnl Hoal E 
grids, stained with uranyl acetate, Bom] = |BamHi : BamHI : 
rotary-shadowed with platinum- Aval Aval Aval Aval T Avol Aval Aval u eaii a 
palladium and examined at 80kV EcoRI] Xhol K Hi Xho! EcoRI 
-using a JEOL 100 C electron micro- 6 E > 3 4 5 6 7 8 9 10 
. scope. Molecules were measured Length (kb) a 


as the internal standard. b, Schematic representation of the karan chromosomal a,-antitrypsin gene. Structural segments (L3) are indicated 
$) by capital letters. The transcriptional orientation of the a,-antitrypsin gene in human. R 







The 5'- and 3'-terminal sequences of the 
human qa,-antitrypsin gene 


Southern hybridization analysis between different portions of 
the baboon cDNA clone and human genomic fragments gener- ` 
ated by digestion of pAT9.6 revealed DNA fragments which - 
hybridize uniquely with either the 5‘ or the 3’ end of the cDNA _ 
probe. By DNA sequencing, we identified fragments of the 
human genomic DNA that code for amino acids at both the — 
amino- and carboxyl-terminal regions of human a,-antitrypsin ` 
(Fig. 3). The two regions are ~5 kb apart, which is in good 
agreement with our estimates of the size of the gene, based on. 
the electron micrographs. The amino acid sequence at the - 
amino-terminal region is consistent for 30 of the 33 residues. 
with that previously published for human a,-antitrypsin?’. 
Different amino acids include Lys 10, His 20 and Ie 26, which ao 
were reported as Glu, Ser and Leu respectively”. The DNA _ 
sequence corresponding to the amino-terminal region of the | 
protein was confirmed by sequencing both strands of the 
genomic DNA. Furthermore, the residues in question. are iden- 
tical to those determined for baboon «,-antitrypsin?’. The- 
amino acid sequence containing 32 residues at the carboxyl end: 
of the mature protein was also deduced from the genomic DNA 
sequence. This amino acid sequence is in complete agreement - 
with that previously published for œ;-antitrypsin™*. Also, the 
genomic DNA sequence was identical with the corresponding e 
nucleotide sequence of a human a,-antitrypsin cDNA clone™. 
The first ATG start codon at the 5’ end of the a,- -antitrypsin ” 
gene is located 24 amino acids upstream from the amino- 
terminal Glu residue in the mature protein (Fig. 3a). This region es 
seems to ce for a ra signal ae vhich is removed ae 























2 genel Fig. 3a ) which resembles the consensus 







i ‘PYCAPyPyPyPyby (Ave = position +1; Py= pyrim- 
ne), based on 20 genes’. This is less obvious in the a;- 
itrypsin gene but can be tentatively assigned to bases —2 to 
_ 6 (Fig. 3a). Benoist et al.** have pointed out an additional 
_ consensus sequence (GGCAATCT) further upstream (~80 
residues) from the transcription start point which may also be 
portant in the control of gene expression. This ‘CAAT’ box 
is less recognizable in the a ,-antitrypsin gene. 
: ” The hexanucleotide AAUAAA occurs in eukaryoticmRNAs 
_ approximately 20 bases upstream from the point of poly(A) 
achment’’. However, in the a ,-antitrypsin gene, a sequence 
URAA i is een in this poreon (Fig. 3b). This somew- 














s the o d 152 1 Peet of near a,-anti- 
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mn and mon es iken oen was ehee observed 








TOEN 100 million years, “which are 
‘lysozyme and for pancreatic secre- 
rosie it was ee that the divergence 











hat the t two cemal] unrelated proteins hae a 24% 

id sequence homology*'. The amino acid sequences 
vO proteins were also examined by a matrix-plot com- 
lysis**°°, which reveals not only the extent of sequence 
ogy, but also the positions of homologies, and relatedness 
j Sequences is displayed as a diagonal line on the plot. 
gonal line apparent in such a plot between a ,- antitrypsin 
Ibumin has confirmed that homology between the two 
teins exists at corresponding positions throughout the 
cules (data not shown). 





Structural comparison of human 
 œ-antitrypsin and 
¿chicken ovalbumin genes 


Gilbert” has proposed that intervening sequences may serve 
_ to separate portions of the coding region of genes corresponding 
_ to the structural-functional domains for their corresponding 
_ proteins. The gene structures for chicken ovomucoid™*, the 
chain of haemoglobin” and the heavy chain of immuno- 
obulin®’ support this hypothesis. As human a,-antitrypsin 
cken ovalbumin apparently belong to the same super- 
was predicted that the two genes would contain similar 
intro? i patterns” . The number and locations of the introns 
n @j-antitrypsin gene as determined by electron 
d restriction mapping were thus compared with 
he chicken ovalbumin gene (Fig. 4). The chicken 
| aap seven introns and their exact locations 






















ppears to sgt rere. bor 6 at position 


comparison: of nucleotide sequences for the 5’ and 3’ en 
f mei introns with the oi coding regions of th t 
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66 ~i wý 
TCATGTEGCCAACTACTIGGCACACCCTCCTTIAATAATECETA 


TATA Box 
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Proposed transcription 
Start Site 






40 68 pe ace 
CACTCOGCCETSGCECCCECATCTCTOTCTIGCAGEACAATOCOEPEN 
















et Pea Me ee 
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BORGES TEES TSEGCT OAC CATE CCCAGCEAGATERCTGOCOCACAAGCHE 
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ily? wi +i iO 


180 2 gad 
GATACATCOCACCATCATCAGCATCACCOAACOTTEAACAAGATOA OE 
{c} ie} {A}. (0) 


Asp Thr “Ser Hie His Asp Gin Aap His Pro Thr Phe abè bys Tie Thro 
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CAGCTOAAGTTCAACAAKCCOTTTEPCTICTTAATGOATTGAACAAAKK 
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Fig.3 Nucleotide sequences and the deduced amino acid sequ 
ces at the 5’ (a) and 3’ (b) termini of the human a,-antitryps 
gene. Also included are the corresponding bases or amino. acid 
{shown in. parentheses) observed for baboon cDNA”? . Numbe: 
for the nucleic acids is based on the proposed transcription. sta 
point (+1), that of the amino acids on the amino terminal. resid 
of the mature protein (+ 1} Proposed transcription recogniti 
sites are underlined. The treatment of the DNA fragments wi 
bacterial alkaline phosphatase, labelling of the 5’ termini with 
[y-*’PJATP using T4 polynucleotide kinase, isolation of labelled” 
DNA fragments by preparative polyacrylamide gel electrophoresis fe 
and chemical degradation of end-labelled DNA fragments were 
performed according to.the procedure of Maxam and Gilbert”, 
Numbering for the nucleic acids at the 3’ end and the correspond- a 
ing amino acids. is based on the transcription start point shown ino 
a and homology witha baboon cDNA clone”. The underlined > 
sequence corresponds to a site related to mRNA polyadenylation: ae 
described by Proudfoot and Brownlee’”. ue 


(Fig. 2), whereas all seven introns in the chicken ovalbumin 
gene are located in the 5’ half of the mRNA. Based on the 
electron microscopic map, the only introns that might share a 
common site in the two genes are intron A in the human 
a -antitrypsin gene and intron E or F in the chicken ovalbumi 
gene (Fig. 4). Intron A in the human a,-antitrypsin gene ha 
recently been located by DNA. sequencing at a position 27 an 
21 amino acids away from ovalbumin introns E and F resp 
tively (Fig. 5). In the region shown, 21 of 60 amino acids (35 
and 86 of 180 nucleotides (48%) are identical. Howev 
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Fig. 4 Comparison of the genes for a-antitrypsin (a) and oval- 
~bumin (by. D; Coding regions for the two proteins; $, position 
of a proposed ‘signal’ sequence in a,-antitrypsin; N, flanking 
< noncoding regions of the corresponding mRNA transcripts. Align- 
ment of the two genes was based on amino acid sequence homology 
for the two proteins” . Intervening sequences are shown by the 
vertical bars. The size and position of the coding and intervening 
is, ae : ; ac 41-43 
sequences for ovalbumin have been published elsewhere . 
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lutionary origin of the human 
antitrypsin and chicken ovalbumin genes 






1 
ag ~AT Leu Val Lys Glu Leu 


Ovalbumin Gin. Pro Ser Ser Val 


CAG CCA AGC TCC GIG GAT TCT CAA ACT GCA ATC GTI Cig 


91 120 ' 


SIATATCGCATACOTIAGACA AIGTAATCTAGAATITATG. .... 
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ovalbumin is 28% and 31%- respectively” 


pected from random DNA sequences. These data provide 
ar evidence for the difference between the two genes in terms 


present it is impossible to determine conclusively whether 
man a,-antitrypsin and chicken ovalbumin arose by conver- 


GTAAGCTTGCTCMACGACCCTGAQCZGTTCQPATAGAAA LN aas „TCACTCAGCCCTOGIGATGCCCACCTTCCCCIÇFCTCE : 


Intron F of Ovalbumin 
€331 bp) 


Fig 5 ‘Coumperuen: of amino acid and nucleic acid sequences of ia junctions toe oi ;-antitrypein Gigs AT) intron Ñ pand y bu in intron / 
7, Nucleic acid sequences corresponding. to the mRNA molecules are shown in the’ So 3 direction. Identical bases for the. two genes in: the 
‘ coding regions are underlined in the ovalbumin: sequence. Forty bases at each end of each intri omp 
A base feat of the other sone Underlined bases i in the introns are id 
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characterization of the human chromosomal antithrombin Til. a 
gene will permit the comparison of the mosaic structures of  ~ 
these genes, which may elucidate the evolution of the gene oe 
family. — 
It would be very intriguing if these genes did arise by diver: pir 
gent evolution. In contrast to the other multi-gene families such ee 
as the globins“ and vitellogenins**, where the number and 
positions of introns are rigidly conserved, the a,-antitrypsin 
and ovalbumin genes contain different numbers of introns which 
are located at completely different sites in the exonic sequences. . 
This observation suggests that the ancestral gene to a,-anti-. 
trypsin and ovalbumin may have been duplicated before the. 
addition or deletion of intervening DNA sequences. The fact > 
that the X-Y-ovalbumin gene family***’ in chicken has retained __ 
the number and positioning of the introns suggests subsequent —_ 
gene duplication events involving the ancestral ovalbumin gene.. 
The differences in structure of the human a,-antitrypsin an 
chicken ovalbumin - genes resemble those in the actin gene 
family. The. actin genes of yeast“, dictyostelium”®, 
ra and sea a urchin’ have one, zero, one and two 









apa distinct ‘Tt ha. thus t been Pia that the curret 
models for the functional and evolutionary conservation of 
locations of introns: may not be valid for all genes”’, and that 
some introns are vestiges of transposon-like elements that have 
been inserted into genes, become fixed and. subsequentl 
eS in nucleotide a It has also pepe inte 



















actin gene’! Precise: deltoni “Of an “entire. dation ‘has bee 
reported for the rat insulin gene, resulting in the existenc 
two genotypic alleles**. Similar observations have been 
for the mouse a- -globin gene“". In the case of «,-antitrypsi 
and ovalbumin however, if indeed the ancestral gene to these 
proteins contained 10 or more introns and. the two genes arose 
by random intron deletion, a number of introns would be 
expected to share common sites in the exons of the two genes. 
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{1,450 bp) 
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TTG GTC AAG GAG CTT GAC AGA GAC ACA err TTT GCT CTG GTG. AAT TAC te R TIT. AAA GGC AAA TGG GAG AGA CCC TTT GAA GTC AAG 


‘Arg Asp Val Phe Ala eval ia ‘al Asn ila P Gly live Arg Pro Glu Val. Lys 
pi Ser Gin Ala Met Val eval ia ia a Ala bed ve Phe Lys Cy. Leu Lys Ala Lya Aap Glu 


BAL cog ATT ogc Tie daa GR cte GAAS GCA TIT AAC GAT CAA 


150 180 


GAC ACC GAG GAA GAG GAC TIC CAC ae GAC CAG:GTG ACG ACC GTO AAG GTG CCC: ATG: ATG AAG: COT TTA GGG. ATG — AAC ATC CAG CAC 
a ~AT Peace be Glu Glu Asp Hta[VallAsp Gin{Val Thr Thr Val Lys Pro[Met Meti Lys Arg Lew Met Asn Ile Gin His 
Ovalbumin Asp ThrjGln Ala Met Pro{PhejArgjVal!Thr GlujGlu Glu Ser Lys Pro Valin Met Meti Tyr Gin Tle Leu Arg Val Ais Ser 
ATG À 


GAC ACA CAA GCA ATG CCT TIC AGA GG ACT CAGJCAA GAA AGG AAA CT Gig Cac 


TAC GAG ATT GGT TIA TIT ACA GIG GCA TCA 













rgence f 
Dr Tom Maniatis for ” providing the human gene 
odger Staden for providing the DNA sequence com- 
‘ograms and Dr Jon Herriott for adapting these pro- 


ved? January; accepted 20 April 1982, 


‘Heimburger, N., Haupt, Ho& Schwick, H. G. in Proc. int. Res. Conf. on Proteinase Inhibitors 
oo: leds Fritz, Ho & Tschesche, H.) 1+22.(deGroyter, Berlin, 1970). 
« Janof, A. Am, Rev. Resp. Dis. 105, 121-127 (1972). 
Ohlson; K. & Olsson, I Eur. J. Biochem. 36, 473-481: (1973). 
oA) Kueppers; E Am. J hum. Genet. 25, 677-686 (1973), 
SS Laurell, C. Bo & Erikson, §. Scand. J. clin. Lab, Invest. 18, 132-140 (1963). 
abe Briscoe, WoA, Kueppers, F, Davis, A. L. & Bearn, A. G. Am, Rev. resp. Dis, 94, 
cae, ; 529-539 (1966). 
ae: Sharp, H: L, Bridges, R. A., Krivit, W. & Freier, E. F, J. Lab. clin, Med. 78, 934-939 
rE E API 
8. Okben; G:N., Harris, J. O., Castle, J, R, Waldeman, R. H. & Karmgard, H. J, J. clin. 
ooo Anveat, S8, 427-430 (1975), 
9. Tattle, W.C. & Jones, R. K. Am. J. clin, Path. 64, 477~482 (1975). 
Beatty, K: Bieth, J. & Travis, J. J. biol. Chem. 255, 3931-3934 (1980). 
Bieth, £ G. Clin: Resp. Physiol. 16, (Suppl.), 183-195 (1980). 
Starkey, PM. & Barrett, A. J. Biochem. J. E88, 265-271 (1976), 
Kuhn, C: & Senior, R. M. Lung 188, 185~197 (1978). 
ëk, CEE ef al, Glin: Resp. Physiol. 16 (Suppl.}, 27-40 (1980). 
ers, F F. in ‘Lung Biology in Health and Disease (ed. Litwin, S. D.) 23 (Dekker, New 


WW, k Owen, M. C. Essays med, Biochem. 4, 83-119 (1980). 
M: K. & Laurell, C. B. Prog. med. Genet. T, 96-111 (1970). 
M: K. Sem. Haemat. 1, 153-161 (1968). 
ROC. Harley, R. A. & Talamo, R. C. Am. J. clin. Path..62, 732-739 (1974). 
i handra, T., Kurachi, K., Davie, E. W. & Woo, §. L. C. Biochem: biophys. Res. Commun. 
403, 751-758 (1981), 
urachi, K. et. al, Proc: natn, l; Acad. Ser U. S.A, a 6826-6830 ge 


wea Acad. Sci, 343, 391-403 (1980). 


1414 (1980). 
sreathnach, R. & Chambon, P. Nucleic Acids Res. 8, 127-142 


dea Brownlee, G. G. Nature 263, 211-214 (1976). 
hie, O., aie R. & Young, R. A. Cell 21, 179-187 biel 


(S.L.C.W). G.L.L. is the recipient of NIH Sonor Rae 
Fellowship HL 05962 and K.K. of NIH Research C 
Development Award HL 00404 S.L.C.W. is an Investigator of 
the Howard Hughes Medical Institute. 


31. Goeddel, D. V. et al. Nature 290, 20-26 (1981). i 
32. Jung, A., Sippel, A. E., Greg, M. & Schutz, G. Proc: natn, Acad. Sci, U.S.A. 77, 5759~ 5763: 
(1980). 
33. Hunt, L. T. & Dayhoff, M, O. Biochem. biophys. Res. Commun, 98, 864~871 (1980). pe 
34. Dayhoff M. O, (ed.} Anas of Protein Sequence and Structure Vol. $, Suppl. 3 (National 
Biomedical Research Foundation, Washington DC, 1979). 
35. Novotny, J, Nucleic Acids Res. 10, 127-131 (19872). 
36. Maizel, J. V, dr & Lenk, R. P. Proc. natn. Acad. Sci, USA. (in the press). 
37. Gilbert, W. Nature 271, 501 (1978), 
38. Stein, J. P., Catterall, J, F., Kristo, P., Means, A. R. & O'Malley, B. W. Cell 21, 68) -687 
(1980). ae 
. Craik, C. S., Buchman, $. R. & Beychok, S, Proc. nam. Acad. Sci. U.S.A. 77, 1384-1388 
{1980}. ; 
. Sakano, H. eral Nature 277, 627-633 (1979), 
. McReynolds, L. eral, Nature 273, 123-718 (1978). 
. Catterall, J, F. et al, Nature 287, 510-513 (1978), 
. Breathnach, R, Benoist, C., O'Hare, K.o Gannon, F. & Chambon, F. Proc. nam. Acid ; 
Sct. USA, 75, 4853-4887 (1978). 
. Maniatis, T., Fritsch, E. F., Lauer, J. & Lawn, R, M. A. Rev. Genet. 14, 145~- 178. ¢ 1980): 
. Wahi, W., Dawid, L B., Wyler, T., Wever, R. & Ryfel G. U. Cell 20, 107-117 (1980). 
6. Colbert, D. A. et al, Biochemistry 19, 5586-3592 (1980). 
. Heilig, R., Perrin, F.. Gannon, F., ‘Mandel, TOL. & Chambon, P. Cell 20, 625~637 (19 
. Gallwitz, D. & Sures, I. Proc. natn: “Acad. Sei. ELSA, TI, 3546-2550 (1980). s 
. Ng, R. & Abelson, J. Proc. natn. Acad. Sci, USA. 99, 3912-3916 (1980), 
. Firtel, R., Timm, R., Kimmel; A. R. & McKeown, M. Proc. natn. Acad, Sci. USA 
6206-6216 (1979). r 
. Fyrberg, E. A. Bond, B. J.. Hershey, N. D.. Mixter, K. S. & Davidson, N. Cell 2 
107-116, (1982). | 
52. Durica, D. S., Schloss, J. A. & Crain, W. R. Jr. Proc. nam, Acad. Sei. U.S.A. 77, 5683- 5687 
{1980}. 
. Firtel, R. A. Cell 24, 6--7 (1980), 
. Lomedico, P. et al. Cell 18, 545-558 (1979). 
. Nishioka, Y., Leder, A, & Leder, P. Proc. natn. Acad. Sci, U.S.A. 77, 2806-2809. (1980). 
. Benton, W, D. & Davis, R. W. Science 196, 180-182 (1977). 
. Woo, S. L. C. Meth. Enzym. 68, 389-395 (1979). 
. Maxam, A. M. & Gilbert, W. Proc. nam. Acad. Sei. U.S.A. 74, 560-564 (1977). EN 
. Maniatis, T., Jeffrey, A. & Kieid, D.G. Proc ndin. Acad, Sci. USA. 72, 1184-1188 (1975). 
. Woo, S. L. C. et al. Proc. nam. Acad. Sci, U.S.A, 15, 3688-3692 (1978), : 
, Southern, E. M, J. molec. Biol. 98, $03+517 {1975}. 
. Denhardt, G. Biochem, biophys. Res. Commun. 23, 641-646 (1966), 
3. Smith, G, E. & Summers, M. D. Analyt Biochem. 109, 123-129 (1980). 


V. Mahdavi’, M. Periasamy & B. Nadal-Ginard’ 


Albert Einstein College of Medicine, New York, New York 10461, USA 


i cDNA clones containing cardiac myosin heavy chain (MHC) inserts have been characterized. Hybridization. ond . 
leotide sequence analysis identify two different MHC genes coding for proteins of different length that are both 
_ specifically. expressed in the adult heart. The nucleotide and amino acid sequences reveal a highly conserved structure 
in the light meromyosin portion of MHC from striated muscle tissues. : 


_ A GROWING body of evidence suggests that several muscle- 

_ specific contractile proteins are encoded by multi-gene families. 
In invertebrates, birds and mammals, different actin genes’ 

and different myosin light chains (MLCs)** are expressed in 

. uscle and non-muscle tissues. Recent observations obtained 

y peptide mapping” , immunological cross-reactivity’ and 

nalysis have now documented at the protein and 

svels that at least 10 myosin heavy chain (MHC) genes 

xpressed in the rat. In other vertebrates the MHC genes 

encoded by a multigene family’*’*. Each muscle type 

‘diac and smooth) has tissue-specific MHCs that 

n then non-muscle (cytoplasmic) MHC", However, 


the MHCs in different striated muscle tissues show a consider- 
able degree of sequence homology not only within the sam 
species but also across the evolutionary scale'*. Despite thes 
similarities, peptide and enzymatic analysis has shown that 
cardiac myosin is different from the myosins in other striated 
muscles*ć, The existence of distinct cardiac myosins in atrial 
and ventricular cells has been demonstrated in rat and chicken — 
hearts by immunohistochemical and kinetic approaches ™™ 
Like skeletal muscle MHC°*, cardiac muscle MHCs seems to 
be developmentally regulated“ 1519, In several mammals, three 
myosin ventricular isozymes with different Ca?*-ATPase 
activity and different MLCs and MHC composition, have b 
identified®**'*, These three i isozymes have been named Vis 
and V, on the basis of their increasing electrophoretic mo 
ity'*. In the rat, a double transition between these. isoz 


| forms i is correlated with the age of the animal’*. Vi 
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«Fig: 1 Restriction endonuclease maps of cDNA clones containing MHC 
“inserts. The recombinant cDNA clones were prepared as described else- 

where**: Single and double digestion with endonucleases PstI, Poull, Aval 
and Bgll were in 25-pl reactions containing 6 mM Tris-HCI pH 7.5, 6 mM 
MgCl, 6mM 2-mercaptoethanol and appropriate salt recommended by 
the various suppliers, for 2h at 37°C. The relative position of the enzyme 
festriction sites was determined by the method of Smith and Birnstiel*”. 
Solid bar represent the MHC cDNA inserts. Orientation from left to right 
corresponds to the 5‘~3’ orientation of the mRNA strand. The nucleotide 
length covered by the inserts is indicated, Sequencing strategy for the CMHC 
cDNAs clones: Horizontal arrows indicate the direction and length of each 
fragment sequenced. cDNA clones (20 pg) digested with the appropriate 
‘enzymes (indicated at the starting point of each arrow) were labelled at the 
S" termini with [y-*?PIATP (2,000 Ci mmol”) or at the F termini with 
3'-[a-*P]MATP (cordycepin 5’ triphosphate 1,000-3,000 Ci mmol"') as 
described elsewhere**, Single-end labelled fragments were obtained either 
_ by digestion with a second restriction endonuclease or by strand separation, 
“followed by polyacrylamide gel electrophoresis. The labelled fragments 
_ were localized on the gel by X-ray autoradiography, excised from the gel 

and electroeluted. The DNA sequencing was performed according to the 
method of Maxam and Gilbert’. 


sponsible for the developmental and tissue-specific expression 
of the cardiac MHC genes and the possible physiological and 
pathological implications of the isozymic transitions, we have 
constructed recombinant cDNA clones that contain cardiac 
MHC mRNA sequences. We show here that at least two 
_ different but closely related cardiac MHC genes are expressed 
in the adult rat. These two genes are apparently develop- 
mentally regulated. The structure and nucleotide sequence of 
_these cardiac MHC cDNA clones are discussed and compared 
with those of skeletal muscle MHCs. 


Isolation of MHC cDNA clones 
from cardiac muscle 


‘he extent of cross-homology within the MHC gene family”? 
different it aiBicult to pee the VHE mand see in 











. 1 To this ead: we Siconstracted a cDNA brary by the G— Cc 
iling method in PstI site of pBR322 using standard cloning 
chniques”*, with poly(A)” RNA isolated from the ventricles 
of a 3-month-old rat (Wistar strain) as template for cDNA 
nthesis. We identified 16 recombinant plasmids containing 












tion procedure™ ; using: as probe t for. MHC sequence h 


ghest Ca’*-ATPase activity, appears at birth and is prevalent 
throughout life; V, and the heterodimer V, are the only fetal 
forms and reappear in the second month of postnatal life. In 
adult, the isozymic distribution can be modulated in 
ent physiological and pathological conditions’’**. The © 
erences seen in the polypeptide composition of the MLCs | 
MHCs of embryonic and adult hearts suggest that different | 
osin ee are expressed at specific developmental stages of . 


To improve our understanding of the molecular mechanisms 


MHC inserts, by t the Grunstein and Hogness colony hybridiz- 











It n Deci previously. shown that p “259. j from. 
LsE, myotubes”*”’, contains sequences that a highly conser- E 
ved within the sarcomeric MHC gene amily. and cross-hybrid- 4; 
izes to cardiac mRNA'°'?, However, this procedure limited the 
detection to those cardiac MHC cDNA clones that cross- _ 
hybridize to the embryonic skeletal MHC and-contain the region 
corresponding to the insert used as probe. Therefore, the 16° 
cDNA clones represent a minimum estimate of the MHC cDNA 
clones in the cDNA library. Se 
The four cardiac MHC cDNA clones that contain the longest o 
inserts (690-1400 nucleotides) were selected for further analy- __ 
sis. Note that because MHC mRNA is 7,100 nucleotides long”, 4 oe 
the longest clone, pCMHC,, contains 23% of the MHC mRNA : 
sequence. As shown in Fig. 1, pCMHC;, pCMHC;,, pCMHC,, 
and pCMHC;, have very similar restriction endonuclease maps. . 
and have been aligned to facilitate comparison. A remarkable . 
feature of these maps is the frequency of sites for the restriction 4 
endonucleases Pst] and Pvull that recognize the nucleotide —_ 
sequences CTGCAG (Leu-Gin) and CAGCTG (GiIn-Leu), = 
respectively. This feature seems to be a characteristic of the 
vertebrate MHC genes so far studied??? The PstI anc 
Aval sites are conserved in the region where the. different clon 
overlap. Taking pCMHC; as a reference, pCMHC,; has an 
additional Bg/I site at coordinate 400 of the diagram. pCMHC, 
also has a Bgl site at ages 400 and an additional Poull site 












that oa identical restriction enzyme sites in all four cDN i 
clones. On the basis of these observations, the MHC cDNA- 
clones represented in the cardiac cDNA library cover approxi- 
mately the same portion of MHC mRNA and can be divided 
into two classes, one represented by pzCMHC,, and pCMHC,, 
and the other by pCMHC;; pCMHC,, could belong to either 
class. Each of these two sets probably Originates from a single. 
mRNA species, thus suggesting a minimum of two cardiac MHC. 
genes expressed in the ventricular myocardium of the heart: 

used for the cDNA cloning. - 
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MHC- 

28S- 
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Fig.2 Identification of MHC cDNA sequences in RNA from diferentrat < 
tissues and in rat genomic DNA. Total cytoplasmic RNAs were isolated: © 
from different tissues by the hot phenol procedure** and from L,Eg cells. 
by using guanidine hydrochloride****. RNA (5 ug per lane} was fraction- 
ated on 35% formaldehyde, 1% agarose gels and blotted onto nitrocel- 
lulose*’. DNA was isolated from rat liver nuclei**, and 10 ug were digested 
with. restriction endonucleases in 50 uk reaction buffer isee Fig. 1 legend), 
separated on 1% agarose-TAE buffer (40 mM Tris-acetate pH 7.8, 5mM 
Na-acetate, 1 mM EDTA) and transferred onto nitrocellulose*’. cDNA 9. 
probes were radiolabelled by nick-translation in the presence of [a PICTP 0 
and [a P]TTP (400 Ci mmol y. 10%. p-m. were used per gel lane for B 
hybridization. Hybridization washes were in 0.1 Xx SSC, 6, 1% SDS at 65°C. E 
A, hybridization of pCMHC., pCMHC,,, pCMHC,,, pCMHC,, to rat 
RNA from: a, LE, myotubes; b, LgE, myoblasts; c; adult cardiac muscle; 
d, adult skeletal muscle; e, uterine smooth muscle; f, NRK. fibroblasts, 
Marker indicates migration of 28S and 18S ribosomal RNAs. B, hybridiz- 
ation of pCMHC, to Wistar rat DNA: digested with: a, EcoRI; b; Hindi. ae 
Size markers indicated in. kilobases are from Hindlli-dige ted AS 
DNA. peat of the aoma was for 3 day ‘Sar 























ee See I ort Ate AA mee an ee et aa 





B 
Leu. Gu Val Glu Lys en Siu Leu Bin Ser Ala Leu Glu Glu 
. SAQ oto GAG: AAG CTC GAA CTO CAG TCA GCC CTA GAA OAG 












wee’ Lew giv His Gilu blu Gly Lys Tle Leu Arg Ala Gin Leu Glu 
Yee CTG. BAG CAT GAG GAG GGC AAG ATC CTC CGA GCC CAG CTO GAG 


— = mn ak me amr re ae a ii et at i no Mae a Sa write 













189? 216 
Phe: Asn Gin Ite Lys Aba Glu Ile Glu Ger Lys Leu Alea Glo Lys Asp Glu Siw 
SOTTO AAC- CAG ATC AAG GCA GAG ATC GAA AGC AAG CTG GCA GAG AAG GAC GAG GAG 


Orit i en ee a ot ee ee ee et ee ee ey ee PAH te te te 








ae 249 270 
met. Slaw Rin Ata Lys Arg Asn Mis Leu Arg Val Val Asp Ser Ley Gin Thr Ser 
A GAG GAG ae ‘AAG CGC AAC CAC CTO COG GTS GTG GaC TSN CTO CAG ACCO TCC 


























PE ge 297 324 
5 u Asp Ala ly Tit Arg Ser Arg Asn Glu Ala Leu Arg Val Lye Lys Lys MET 
oY GAT. GCO GAG ACG CGC AGE CGC AAC GAG OCC CTG CGG GTG AAG AAG AAG ATO 


‘to naha ni A A tt Sa a Zk SO ee Sgr hrs Ce eR SLA nti RA nn mal at nl tA mr: nt Ar 





i | asi 378 
v Asn: Civ MET Glu Ile Gin Lew Ser Gin Ala Asn Arg Lle Ala 
AAT. GAG AYO GAG ATC hea CTC AGT CAG GCC AAT aon ATA ece 


405 432 
ijy His Lev Lys Aen Ala Gin Ala His Leu Lys Asp Thr Gin 
AAG CAC TTO AAG AAG GCE CAA GCC CAC TTO AAG GAC ACC CAG 
i on fe fc at SY tne To TG om a nr ne et a Tr fy 
Sn ea AVE So Haare eset Ley ae nea 


439 486 
Sine Ca Asp Asp Ala Val Arg Ala Asn Asp Asp Leu Lys Glu Asn Ile Ala 
Cae CTS GAT GAC GCA GTE CGT QCG AAT GAC GAC CTG AAG GAG AAC ATC GCU 


Sea ape oie E il abe ia sk ds iain aia coe Sem. erties mt ARAM le at em em et te 


. siao $40 
ar beo hoe Bin Ala Glu Lew Glu oe Les Arg Ala 



























u Argo Ser K Lys Leu Ala Giu Gin Glu Leu Ile Glu 
G CEG. TET CSG AAG CTC: GCA GAG. Cae GAG CTO ATC QAG 


Mima rl ane Sg ae pene tn ie AA 


a a it tt acter mt sn AM tly ne ns a a le ie he mle te i HS SA i Ye G 


bgi &48 
ry Val ‘in Leu Leu Wig Sar Cin Asn Asn Ser Lev Fle Asn Gin 
oc ore cae CTS CTO CAC TCC CAG ABC AAC AGO CTC ATC aat CAG 


rane see a anan a tn am now a TERE A, Mmh. SAR v: Dal hae AAA De He A Ana ca AA Ae eE dA e S SP 0 ne ayam sg mm Me Te ER I eee a RT 





ve Nile ae ice 
fest MC cts miu an nk a = we ym tant tere at i A am a cunt T Ey N mu re REP pL vm a Nn tr a 


D 7 673 702 
TEN MET Asp Ala Asp Leu Ser Gin Lew Gin Thr Gly Val Gly Glu Ala 
‘AAG ATG GAT GCA GAG CTC TEC CAG CTC CAS ACA GAG GTG GAG SAS GCS 
i ta nt T te ee rai a Se mt eS le ts ted ute Ya A ttn Ss A stit Ser me ram ne sn te em Ra my AMR alm aap pamp lee pele i oa at rn ‘rH ae hte a eme 


me ons san ao A Gh rr ce ree cate ce ey ke SRE te eh te mA ie SR RA i oh apat Ae a 


A ic cDNA clones are specific for 
iac MHC sequences 


-Because each muscle and non-muscle tissue has distinct 
_MHCs’*"!”, we investigated the tissue specificity of the four 
. MHC cDNA clones. These cDNA clones were hybridized 
_ individually to electrophoretically separated RNA extracted 
rom different striated muscle types (cardiac and skeletal), 
mooth muscle (uterine) and non-muscle (fibroblast) tissues. 
gure 2A shows that all four cDNA clones hybridize to a 31S 
mRNA from striated muscle tissues (lanes. a, c, d) and 
ot hybridize to smooth muscle nor to non-muscle tissue 
, €, f). The same pattern of hybridization is 
poly(A)* RNA is used instead of total RNA 
n). Therefore, the lack of hybridization of the 
DNA clones to non-sarcomeric RNA is probably 
nucleotide sequence homology between these 
uences rather than differences i in the amounts 
ï the RNA samples” 




















“Nucléotide sequence of cardiac MHC cDNA clone inserts. The Maxam and Gilbert*? method was used for sequence determination. The sequence 
égy is depicted in Fig. 1. pCMHC,, (nucleotides. 1-790} pCMHC,, (nucleotides 350-1,340) and pCMHC,, (nucleotides 500-1,340) sequences that re 
the same cardiac MHC gene product have been joined into a continuous 1,340-nucleotide sequence. In pCMHC,,,. the longer nucleotide. sequ 
ranslated 3’ end (nucleotides 1,341-1,351) reads ATTTTGCCTGC(A)90. The nucleotide and the derived amino acid sequences are writte 
COOH, respectively, in the upper two lines. The nucleotide and amino acid sequences of pCMHC, that. represent the other cardiac ME 
ucleotides 401,384). are in the bottom two lines. In pCMHC,, nucleotides and amino acid are written only where different from that of pcm 

and 4. The dashed line indicates identical sequence to that of pCMHC, ; 26 34. 
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Ala MET MET Ala Giu Giw Leu Lys Lys Glu Gin Asp Thr Ger Ale His. te 
nes ATG ATG hes GAG GAG CTG AAG AAG GAG CAG GAC ACC AGE GEÇ Cac. Gi 











Arg MET Lys Lys Asn MET Gilu Gin Thr Tle Lys Asp Leu Gin His. Arg | 
eee ole AAG AAG ‘al ATG GAG CAG ACC ATC AAG GAC CTO CAG CAC cee 
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Glu Ala Glu Gin Iie Ala Leu Lys Gly Sty Lys Lys Bln Leu Gin Lys Leu oh 
GAG GCA GAG CAG ATC GCE CTC AAG GGT BGC AAG AAG CAG CTG CAG AAG: ig 

































































745 97: 
Ala Arg Val Arg Glu Leu Glu Asn Glu Lev Glu Ala Giu Gin Lys Arg ASR AT. 
GCC COG GTE CEG GAG CTE GAG AAT GAG CTG GAG GCT GAG CAG AAG CGC AAT GC y 


E E N Wit eet et Ate can cares oom rum oiiet dvi rer army 1g, ener ota ofyld ane ine Ne ti oaa Sat ty 30 yee RNa wap A" eR fo amope ope 3 


999 102 
Glu Ser Val tys Gly MET Arg Lys Ser Glu Arg Arg Tie Lys Glu Lev Asn: tw 
GAG TCE Ste AAG GC ATG AGG AAG. AGC GAG CGS CEC ATC AAG GAS CT AAC TA 


M a an ie e oaie me ct eae My Ae AME man E ANE a Nee AY, Aee fe me Se a EEEN S E thn 


Me cet ore pate Sm an we am Pek A fle BP IAS A SPE RE RS A V, AA AA AAI AA tary A AEA SO gh me Sf cn a ad A TR, ae EQ OB MY “nae: ees aye te Om denim Wh dab Jay OP A Oho sn, 8? PL 


1653 l nee a 
Gin Thr Glu Glu Asp Lys Lys Asn Leu Val Arg teu Cin Asp Lew, Nal 
CAG ACA GAG GAA GAC AAG AAG AAC TYG CR cee CTO CAG BAC. “STS: Cie. 


am ma m enn en a eit i ne i ie iw tg cae Ha- aa om an wa anf e e mee on awe he fot are Sod ee 2 sine “an ee soe a coy 


Me miah Ae me map at tp an ele ae ake aes ate SN en se tp an ne st ct we ct omc one alle fey aie nmr oe ag ems Sen De wrp cont ame yt ME ts Sie ca Sets ae ENRE 


1107 
Leu Gln Leu Lys Val Lys Ala Tyr Lys Arg Gin Ala Glu Glo Ale. 
CTO CAG TIG AAG GTO AAG GCC TAC. AAG CGC CAG GCT GAA GAG gegi ? 


Teb ome a dama Wie e A a a a umm nde a ae GR em ana eh eee a AA tate me. vim vire mea A Sat He Aam rma rw i ee ie pae a IN tS yi oaae a age o coh mse nm: ae an oe 


Mee ai aya am oa ee ne ee AA AAE SMAS MA adn aan m a ad mn aim’ ee ee ee ain a Se ee ae ee ee! 


1141 
Ala Asn Thr Asn Leu Ser Lys Phe Arg tys Val Gin His Glu beu: Asp 
GCC AAC ACC AAC CTG TCO AAG TTC CGC AAG GTG CAG CAC GAG CTG GAT: 
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2215 
Glu Glu Arg Ala Asp Ije Ala’ Glu Ser Gin Val Asn Lys Leu Arg Ala ty 
GAG GAG AGG GCO GAC ATT GCE GAG TCC CAG GTC AAC AAG CT@ cee see. AA 


Pl emai ake ei, ht A, al i aA laa ee iho ln Na fa: lA in le va e ara ae 


cpl he Ae tak aR E ne a tna RL ARE ke ames, cnn men Nl Sata nah ane ke a oh rhs rer A RE I on Sa Go ta Ma Aa He Ar ee 10 cae, te ie att 


Lab? | i 
Arg Asp Tle Gly Ala Lys Gin Lys Ile His Asp Qly Giu END 3 
CGT GAC ATT GOC GCC AAG CAG AAA ATC CAC GAT GAG. GAAS TAR: CETOT. 
war nsmm nan nme anmenm GOC E TOAT GAT A E TE TOT 
etn eme nn nmemnnnmenannemBig Lau Asn Glu Gly END 5 


1334 
GACCOTCGCCGTTGCCATCECACAATAAATACGAATGITCG (A)27 i 
AG~ATG-CIGTGAAG“CU TGAGACE~G6-GC~ “TTT GAAK~AGCACC TTCAGCCAGAAACACAATAA 
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(lanes a, d) could reflect cross-homology of the cardiac N A} 
cDNA clones to common sequences in these different MHC 
mRNAs (see below and ref. 12). These results indicate that all 
four MHC cDNA clones are cardiac specific but do not exclude 
the possibility that the MHC mRNAs corresponding tò thes 
clones are present in LE, myotubes and skeletal muscle 1 in low 
amounts. : 





Genomic distribution of the cardiac MHC 
sequences 


A previous study on the genomic organization of the MH C 
sequences has determined that a minimum of eight genes encod- 
ing striated muscle MHCs are detected in the rat genor 
We attempted to determine which and how many striated M 
genes could be identified as cardiac specific. The four ca 
cDNA clones were **P-labelled*° and hybridized individ 
to restriction digests of rat DNA (Wistar strain) prepared b 
the Southern blotting technique”. pCMHC; (Fig. 2, panel 
and pCMHC>, 2. and 3, (not shown) generate the same p € 
when 1 hybridized to genomie DNA. At high stringenc 
nsists m | two. strongly hybridizi 






































of | he. autoradiograms ‘Fig, 2, i C i reflect cross- 
ybridization | to segments corresponding to other skeletal 
muscle genes’. However, due to the poor resolution of the gel 
“system within this size range it is not possible to ascertain 


whether each band represents only one or more gene fragments. 


Considering that the cardiac MHC cDNA clones have neither 


_» EcoRI nor HindIHI restriction sites, it is probable that each pair 
of strongly hybridizing fragments represents indeed two 


= different cardiac MHC genes. Alternatively, the hybridization 
pattern could be produced by a single MHC gene, interrupted 
cby an intervening sequence containing the appropriate restric- 
tion sites. This possibility is very unlikely because internal Pst] 
- restriction fragments of pCMHC, and pCMHC;, generate the 





not shown). 
- This result suggests that more than one cardiac MHC gene 


-is represented in the genome. However, a clear determination 


_ Of how many and which cardiac genes encode for the MHC 
mRNAs represented by cDNA clones is hampered by the 
: obvious sequence homology within these genes. 


Nucleotide sequence analysis of the 
cardiac MHC cDNA clones 


To obtain unequivocal information on the number of cardiac. 
[HC genes represented in the MHC cDNA clones, understand 
the extent of their homologies and identify gene-specific 
sequences, we determined the complete nucleotide sequence 
of the four cDNA clones by the method of Maxam and Gilbert’. 
‘The sequence analysis shows that the cDNA clones comprise 
the sequence of the 430 carboxyl terminal amino acids, the 
complete untranslated 3’ end and a portion of the poly(A) track. 
of MHC mRNA. These four clones represent the transcription. 
products of two distinct MHC genes that have 95% homology 
in the coding region but are clearly different in their untrans- 
lated 3’ ends. The sequences of pCMHC,, pCMHC,. and 
pCMHC,, overlap over 400 base pairs and clearly represent 
transcription products of the same MHC gene. However, in 
CMHC,,, the untranslated 3’ end is 11 nucleotides longer than. 
of pCMHC,,. This extra sequence precedes the poly(A) 

k of the MHC mRNA (see Fig. 3 legend), thus indicating 
eterogeneity in the polyadenylation site. The sequence of 
pCMHC, corresponds to a segment of a different MHC gene 


product. 


‘The continuous nucleotide and derived amino acid sequences. 


Of these two MHCs, one represented by pCMHC;,, pCMHC2. 
and pCMHC,, and the other by pCMHC, are shown in Fig. 3. 


= A-characteristic of this portion of the two cardiac MHC mRNAs. 





Amino acid position 


Fig. 4 Distribution of charged residues in the LMM portion of the cardiac 

“MHC ‘encoded’ by pCMHC,,..,.. The LMM was divided into periods of 

28 residues. The relative position of each amino acid within the period is 

- -represented on the x axis. Positive and negative net CRATES at each Reston 
is recorded on aoe y axis. ; 


-same hybridization pattern as the entire cDNA clones (data 






- molecule** and: other. MHCs™.. 





puler Search aid not reveal the presence of significant direct i 
repeats in either sequence. ao 
Comparison of the two cardiac MHC mRNA sequences * 
shows very close similarities in this portion of the molecules. 
Long stretches of almost complete identity are interrupted by. 
single nucleotide changes that occur at 25 to 100 base intervals. — 
A long segment of conserved sequence, with only two base 
substitutions, extend from nucleotides 663 to 1,050. However, 
the two sequences are strikingly different in two regions: from __ 
nucleotide 360 to 433, where there is a 30% base mismatch, _ 
and from nucleotide 1,260 to the end of the molecules where 
the sequences completely diverge. This 3’ end divergence has 
several interesting features. In PCMHC,,/2. this segment, which 
codes for a longer MHC protein with two extra amino acids, ~~ 
includes the last 21 nucleotides of the coding sequence, the © 
termination codon UAA and a short untranslated 3’ end of 60 à 
nucleotides. Moreover, in this mRNA, the poly(A) track starts ~ 
10 nucleotides after the AATAAA sequence, thought to be. — 
the poly(A) addition signal”. In pCMHCs, the divergent 3’ 
coding portion is only 15 nucleotides long. Furthermore, the 
termination codon UAG precedes an untranslated sequence of 
100 nucleotides. In this mRNA the poly(A) track starts 18 - 
nucleotides after the AATAAA sequence. The drastic differen- 
ces in nucleotide sequence and in length of the 3’ ends of the 
two molecules confirm unambiguously that at least two ò card 
MHC genes are expressed in the adult rat. ; | 










Amino acid sequence derived from the n 
cardiac MHC cDNA clones 4 


The coding sequence of pCMHC;,,;25 and pCMHC, represent _ 
the 430 carboxyl-terminal amino acids of two MHCs. This -= 
portion of the molecule forms an a-superhelical coiled-coil 
dimeric structure™* known as the light meromyosin (LMM). The 
LMM amino acid sequence of these two cardiac MHCs have 
97% homology. Moreover, there are striking similarit 
between these sequences and rat” and rabbit skeletal MH 
The amino acid composition derived from the two c 
sequences is characteristic of LMM**. Half of the sequence is 
constituted by five amino acids (Glu, Gin, Leu, Lys, Ala). As . 
expected, there are no Pro residues that disrupt the a-helix. -. 
The codon utilization frequency is strongly biased for G or C 
in the third position. For instance, Glu is coded 89% of the | 
time by GAG; Gin, 98% CAG; Leu, 65% CTG; Lys, 90% 
AAG and ALA, 62% GCC. It merits mention that the codon ™ 
usage for the body wall MHC in Caenorhabditis elegans is 
different from that of the rat cardiac MHCs, even though these 
two proteins show substantial homology (J. Karn, personal 
communication). 7 
Fifty per cent of the nucleotide substitutions between the _ 
two cardiac MHCs occur at the third position and do not change 
the corresponding amino acid (Fig. 3). The few amino acid _ 
changes observed are conservative in hydrophobicity and/or 
charge. This is so even in the two portions of the molecule. 
where most amino acid substitutions are clustered: residues | - 
120-150 in pCMHC,, 7x and the carboxyl-terminal ends of the 
two cardiac MHCs. Although the carboxyl-terminal sequences- 
differ in length and diverge in amino acid composition, both 
terminate with two glutamic acid residues. (GlIn-Lys-Ile-His- 
Asp-Glu-Glu in pCMHC,, and Gly-Leu-Asn-Glu-Glu in — 
pCMHC’s). The carboxyl-terminal Glu-Gluis a common feature 8 
for all MHC sequences so far obtained?” _ i, 
From a structural point of view, the cardiac LMM sequences 
present a characteristic periodicity in the distr bution of non- 
polar groups and charged residues, ‘Non-polar, ‘hydrophobic. 
residues follow in general a 3, .4,3,4. spacing, conforming to a 
elical structure as. described for the tropomy: ) 
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) AHC 21/26 (co-ord) 


aphic. representation of sequence homology in 
pMHC,,. A computer program was designed to detect 
represent. graphically homology between two sequences displayed on 
and. y. axis, respectively (R. Medford, unpublished). The computer 
npares sequentially a given number of nucleotides (or amino acids) from 
ne sequence displayed on the x axis to each position in the sequence on 
; y axis, A homology match will generate a dot at the corresponding 
coordinate. Continuous homology is represented by a diagonal segment 
vering ‘the length of the entire corresponding sequence. Displaced 
uence identities, outside the main homology axis, are represented by 
short diagonal segments. at their relative positions. A, comparison of the 
nucleotide sequence of pCMHC,,,., and pMHC,,. pMHC,, covers 
nucleotides 415-1,045 of the sequence of pCMHC,, 26. Homology of five 
ucleotides į in a row is required for a dot placement. This setting permits 
third- -base substitutions to be considered as homology match. B, 
ison of the amino acid sequence of pCMHC,,,., and pMHC,,. 
_. An homology match is two amino acids in a row, 





tern, where the spacing is 3,3,4,4, is also observed. Clusters 
¢ f positively and negatively charged residues are well separated 
and consist in most cases of sequential repeats of the same 
‘amino acid, for instance, Lys-Lys-Lys (positive charge) and 
-Glu-Glu-X-Glu (negative charge). Charged clusters of identical 
sign show an optimal periodicity of 28 residues (see Fig. 4). 
These structural features, which are conserved in rat*®?’ and 
: rabbit" skeletal muscle MHCs, as well as in body wall MHC 
o€ fC. elegans (J. Karn and A. D. McLachlan, personal communi- 
ation), are probably relevant to the formation and maintenance 
sf he coiled-coil secondary structure of the LMM and to the 
ization of the myosin molecules in the thick filament. 
action between charged groups within adjacent myosin 
light confer stabilizing properties for the assembly of 
k filament. Computer modelling experiments on the 
C. elegans have shown (J. Karn and A. D. McLachlan, 
communication) that surface charges, clustered on the 
ace of the a- helix, are best neutralized when two 
laments, aligned in parallel, are shifted by 98 residues. 
d produce a 146 i axial displacement of the myosin 
e displacement grees very ee with the X-ray 















T dicity*. 





















arranged it ina a helical configuration with: a 14 






nent, 








Cardiac and skeletal muscle LMMs have 
highly homologous sequences 


Sequence conservation in MHC genes from striated musde 
recognizable not only within the same species but also-among 
species as distant as nematode, sea urchin, rat and human 
To explore the distribution and the extent of sequence conserva- 
tion between two MHCs from different striated muscles, we. 
compared the sequences of cardiac MHC cDNA (pCMHC,, Ae 
and embryonic skeletal MHC cDNA (pMHC,,)**, using a com- 
puter program designed to analyse and represent graphically | 
sequence homologies (R. Medford, unpublished). The com- 
puter graphic display of such analysis is shown in Fig, 5A. The - 
two sequences show close similarities as represented by the 
homology axis. Highly conserved domains, illustrated by con- 
tinuous segments, are interspersed with regions of- non 
homology, represented by interruptions in the diagonal line, 

One half of the restriction fragment of pMHC,;, which. 
used as a probe to screen the cardiac cDNA clones and ot 
MHC cDNA and genomic clones (nucleotides 300-451 
pMHC,;), is 92% homologous to the cardiac clones and-t 
other MHC cDNA clones from skeletal mus¢le’’. : 

The computer analysis of the amino acid sequence con 
parison of the two proteins ‘encoded’ by pMHC,, and 
PCMHC,,,26 is presented in Fig. 5B. Comparison of Fig. 5A 
and B clearly shows that amino acid sequence homology 
between these two cDNA clones is higher than the nucleotide 
sequence homology (compare nucleotides 300-450 with amino 
acids 100-150 on the pMHC,, axis). Moreover, distributio: o 
charged and non-polar residues is conserved in the segment £ 
protein encoded by pMHCs (ref. 28). Structural and function 
requirements of the sarcomeric MHC might account for such 
a feature. 





















































The cardiac MHC genes are 
developmentally regulated 


Age-dependent changes of cardiac myosin isozymes have bee 
observed in several mammals'*'*'*, In the 12-week-old ra 
cardiac myosin is 80% V, while the fetal forms V3, and t 
heterodimer V., constitute the remaining 20% of the myosir 
As the cardiac MHC cDNA clones were constructed { 
cardiac mRNA of a 3-month-old animal, one set of cD 
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Fig. 6 Identification of cardiac MHC cDNA clones in rat cardiac RNA. 
from different stages of development. Hybridization of pCMHC, (A) and | 
pCMHC,, (B) to rat cardiac RNA from: a, 20-day-old fetuses: b, 1-day — 
newborn; c, 3-month adult. Samples were prepared as described in. a 2 E 
legend. Hybridization yobe were in 1 0. 1xSSC, 0. 1% SDS at 55 °C. 









diac myosin V3. To investigate this possibility, the 
A donei were hybridized to equal amounts of cardiac 
, isolated from rats at different stages of „development, . 
°. The result - 
_of such an experiment (Fig. 6) shows that both pCMHC, and 
= pCMHC,, (each containing the 3’ end of the respective mRNA ` 




















































-when either V; or V; myosin isozyme prevails’ 


<- sequence) hybridize preferentially to MHC mRNA from the 
adult heart (panels A and B, lane c) and hybridize weakly to 
-> fetal and newborn RNA (panels A and B, lanes a and 6). In 
fact, both entire clones, as well as their respective untranslated 
3" ends (data not shown), show an increase in intensity of 


-with the reported data on the ontogeny of the V; i isozyme” 
tially to the 20-day-old fetal cardiac mRNA where 70% of the 


assumption that the steady-state level of MHC mRNA, as a 


dramatically during heart development, these observations 


development. 


remains to be determined. 


Discussion 


tions, What is their biological 
gnificance? Are these two genes expressed, in a coordinated 
hion, in the same cell? At what precise stage of the heart 
evelopment and at what level are they being transcribed? Are 
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| 2 hybridization from the 20-day-old fetus and 1-day-old animal 
(lanes a, b) to adult MHC mRNA (lane c), which closely agrees ) 


However, neither pCMHC; nor pCMHC,, hybridizes preferen- 3 
-myosin is presumably the embryonic type V3. Based on the 
relative fraction of the total RNA population, does not change 


-strongly suggest that in the rat not one, but at least two different. 
adult-specific MHC genes are expressed in the ventricular 
myocardium. The weak hybridization to fetal MHC mRNA 
-could reflect expression of these two cardiac MHCs early in: 


-This conclusion is not necessarily in contradiction with pre-. 
vious reports on the existence of only one adult specific cardiac 
MHC isozyme'*"®, Based on the amino acid sequence, the two 
~ adult cardiac MHCs described here would be undistinguishable, 
¿at least in the LMM portion, by any of the techniques used so 
ar to characterize the cardiac MHC at the protein level. 
Whether the high degree of sequence homology between these 
two MHC extends throughout the entire length of the molecule 


The results reported here clearly show that a minimum of two 
dult-specific cardiac MHC genes are expressed in the ventri- 

s. The existence of these two MHC genes raises several 
and physiological 


ey expressed in other muscle tissues? Some of these questions 


43. Maxam, A.. M, & Gilbert, 


21. Hoh, J-F. Y., Yeoh, G. F. S. Thomas, M. A. W, & Epione L. FEBS Len. 97, i 






! N, : bi Sy 

isozymic transition’ of ‘cardiac MHC dur ing ‘developme x 
requires modulation of the expression of at least two sets of ., 
MHC genes (fetal and adult). The remarkable feature of the 1 
cardiac MHC genes is that, in the rat, as well as in several other ae 
mammals'*, the level of expression of fetal and adult MHC — 
genes varies throughout the lifespan of the animal. Moreover, 
the expression of these genes can also be modulated in a 
reversible fashion by physiological conditions such as - 
mechanical overload and level of circulating hor- | 
mones'*?'?5""4" The adaptative regulation of expression of 
the MHC genes in cardiac tissue, as well as the existence of _ 
several MHC genes in other striated muscles"? offers an 
excellent model in which to study the control mechanisms that 
determine quantitative, temporal and spacial expression of 
specific members of the MHC gene family. 2 

There is an apparent paradox in the multiplicity of the MHC $ 
genes and their intra- and interspecies sequence homology. The. ~ 
nucleotide sequence of the adult cardiac, embryonic and adult — 
skeletal MHC mRNAs”*?? suggests that the sarcomeric MHC 
genes have evolved by duplication of a common ancestor gene 
Furthermore, the amino acid sequence homology and the co 
servation of charged and non-polar residues indicate that secon- 
dary and possibly tertiary structure is very similar in the LMM 
portion of the different rat?*?’ and rabbit** -MHCs. The 
features indicate that the MHC genes are under ¢ slutions 
pressure for the conservation of certain sequences that | 
be relevant to the structure of the sarcomere. Howeve ,t 
large number of MHC genes points toward precise structural- 
and/or kinetic requirements of each muscle, at various stages `» 
of development, that are best fulfilled by the corresponding _ 
isozyme. To understand the biological meaning of the MHC. 
multi-gene family and its significance to muscle physiology, th 
structural and biochemical properties, as well as the subcellula: 
location of each MHC isozyme, need to be determined. a 
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burst peara have often been fit by optically thin thermal 
rahlung However, at the high temperatures implied by 
| keV), the free-free cross-section is so much 
pion at cros s-section that Campton scatter- 
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ficient energy range and elton to determine the 
continuum shape’. The continuum shape has usually been 
uted to optically thin thermal bremsstrahlung, consistent 
| ariier results for the 1972 14 fle burst” and the snipe 













al features a argue stron Nely that y-ray’ bursts otiginate from 
magnetized neutron stars’, 

owever, there are several difficulties with the above inter- 
tions. First, the interpretation of the continuum as optically 
in thermal bremsstrahlung implies a very large emitting 
volume (especially if the emitting region is homogeneous and 
if the source is further than 10 pc) whereas the cyclotron lines 
imply a small volumet. Second, various theories™” suggest that 
the burst originates in a small volume near the surface of a 
neutron star rather than from a dilute, 100-km sphere implied 
ermal bremsstrahlung. Third, thermal bremsstrahlung does 
ways fit the observations; often the observed spectrum 
o ma that no thermal bremsstrahlung spectrum can fit 
























Seriving Olan will, have negligible thermal 
e use a Kher Pla ok ned h ) : 





occurring in Ya a few alennus . The series of ot 
is similar to the two-temperature accretion disk mode 
gested for Cygnus X-1. The primary difference from p 
(X- -ray) Pane Carlo calculations i is s that we treat rigoro 
















effects and the angular distribution are ‘accbunted: tor, 
angular distribution of the electron involved in the scat 
can have deviation from isotropy due to the angular depende 
of the cross-section. 

To include temperature and angular effects, the Compto 
cross-section must be weighted by an isotropic maxwellian 
electron distribution. The total Compton cross-section for | 
photon of energy E, into a plasma of temperature T, and un 
density is | 


a(E,, Ta) = 2m | | N(E,, T.)o(Es, E., a) sina da a : 
4a Jo im Paget 
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Energy (keV) 


Fig. 1 Best-fit thermal bremsstrahlung spectra and. comptonized | 
black-body spectra for GB781104. The short-dashed curves a 
the initial X-ray black ‘bodies and the solid curves are the result 
comptonized spectra, The. Jong-dashed curves are- the yi 
thermal. bremsstrahlung spectra. The data points (repea ted: 

val emsstrahlung. and compton ized black~boc 


















: To determine o(E,, Ee a), a Lorentz transformation is made 
‘to a frame in which the electrons are at rest and then the 
cross-section is found by the Klein—Nishina formula®. That is, 


oa o(E,, E., a) = (1—8 cos a)oxnlEpy(1 — B cosa)} where y= 


1+E./Eo, B=(1-y7*)'” and ag is the Klein-Nishina cross- 


section. 


_ For this preliminary study, we assumed that the emitting 
region consisted of a point source of black- body radiation at 
the centre of a spherical volume containing a hot thermal plasma 
with no magnetic field. Three parameters were chosen to 
characterize the region: Tgp, the black-body temperature of 
$ the central source; px, the column density (that is, the radius 
times the electron density); and T., the temperature of the 
- comptonizing volume. The following steps were taken to track 
‘each photon: 
(1) A random number, r,, between 0.0 and 1.0 is selected and 
ed to determine the distance the photon travels before under- 
going a Compton interaction: 


d = - (Nao (Ep, Te)" In (r) (3) 


where No is the electron density of the plasma. If the location 
~ of the proposed Compton scattering site is outside the assumed 
size of the volume, the photon is considered to have escaped 
and the emerging energy spectrum is incremented at the 
photon’s energy. 

') Once a location for the Compton scattering is known, the 
energy of the electron involved is found by solving for Esin | 


1 | Be [- | 7 
N( > T- p E, ) d 
= ET) Ti}, Sy (E, Tào (Ep, E, a) sin a da dE 





= Ta z= 
| (4) 
ere ni is a new random number. 


3) The angle between the photon and the electron is found 
y Solving for a, in : 





r= [ olE,, Ee a) sin a da/ | o(E,, En «) sina da 
SN 9 0 
| (5) 
The other angle to complete the definition of the photon’s 
: ‘direction relative to the electron’s is found simply as 27r,. 
_ (4) Knowing Ep Ee and a, allows a Lorentz transformation 
-to the rest frame of the electron where the Compton interaction 
is calculated. Two additional random numbers, coupled with 
the formulae for the radiation pattern of Compton scattering 
onan electron at rest, give the scattering angle and the change 
in energy of the photon in the electron rest frame. The inverse 
Lorentz transformation gives the new energy and direction of 
the photon after the Compton collision in the laboratory a 





Table 1 Best-fit parameters for GB781104 





F | First 4s Second 45 Third 4s 
o X40 (Nat = 10) 140 330 10.7 
: kTra (keV) 3,800 2,334 786470. 
xe (Nat = 8) 190 18.6 8.8 

` kT (keV) 155435 16020 24075) | 
» px(10"* ecm”) 4.5412 4.0+0.6 1.21.2. 











kT gp (keV) 2.47 a 2.4+1.5 2.00.4 
a kT ap,95% (keV) 0.0: a 0.4 E 0.7 


with E= 511 keV and o(Ep E.,a) is the Compt cross- 
-section for a photon of energy E, onto the electrons of kinetic 
= energy E. moving at an angle of a with respect to the photon. | 


| eared directly ERE 


well studied burst GB781104 (refs 1, a . F 
computationally feasible to perform a Monte Cz irlo calculation: Zz 
at each combination of T, and px required to determine the “’ 
best-fit parameters and their errors. Rather, calculations were 
performed on a grid of T, and px values which were then: 
interpolated to obtain a spectrum for a particular set of T, and. 
px. Table 1 gives the best fit for both thermal bremsstrahlung — 
and comptonized black bodies with their joint 68% confidence _ 
levels (calculated by the method of ref. 17) for three successive a 
4-5 intervals. In Table 1, y2, Nan Tra, Xis are, respectively, He 
the y? of the comptonized black body fit. the number of degrees 
of freedom, the best-fit thermal bremsstrahlung temperature, _ 
and the y” for the thermal bremsstrahlung fit. Figure 1 shows, 
for each 4s interval, the initial black body as a short-dashed 
curve, the resulting comptonized spectrum as a solid curve with 
ISEE 3 solar X-ray spectrometer data (with 1 o error bars), d 
and the best-fit thermal bremsstrahlung spectrum (long-dashed. ` 
curve) with the ISEE 3 data. The reconstructed spectrum — 
obtained by unfolding the observed counts depends on the 
assumed spectral shape. For this reason, the unfolded ISEE 3. 
data points differ slightly depending on whether therm 
bremsstrahlung or a comptonized black body is assumed, For 
clarity, the thermal bremsstrahlung fit (with unfolded ISEE 3. 
data points) i is offset from the comptonized black bod fil 
its data) in Fig. 1. The optically thin thermal brems: 
formula included the relativistic Guant factor of ref. 1 A 

Optically thin thermal bremsstrahlung could not satisfactorily a 
fit the data during either of the first two 4-s intervals due to 
the relative hardness of the spectrum. Only extremely high 
temperature thermal bremsstrahlung came close to fitting the — 
data. In contrast, the comptonized spectrum had a much more _ 
reasonable plasma temperature (T, = 155 keV- compared with 
Tre = 3,800 keV) and a much lower value of y* (for examp 
19.0 for the comptonized black body compared. with 140.0 fo 
thermal bremsstrahlung). (The thermal bremsstrahlung fitis 
not substantially improved even if a broad emission. line : 
between 230 and 600 keV is assumed; Tra is reduced t 
3,300 keV with xfs ~ 80.) Thermal bremsstrahlung would 
fit our data in the second interval either, giving a Xin 0 
whereas the comptonization model gives a xe of 18.6. These 
values of yc, although much better than those for thermal: 
bremsstrahlung, are marginally too high to. be considered 
statistically acceptable. However, the spectrum is changing on | 
a time scale shorter than our sampling rate (4s), which might — 
explain these rather large values of y”. The third 4-s interval ™ 
could be fit by either a thermal bremsstrahlung spectrum (with 
yin = 10.7) or a comptonized black body (with yé = 8.8), 

Note that, in all three intervals, the best-fit black body has 
an X-ray temperature of ~2 keV, The y” surfaces are noto 
quadratic functions of the parameters and, thus, one cannot _ 
estimate from the 68% confidence level the parameter limits _ 
for other confidence levels. The term in Table 1, kTaposx, gives 
the lowest black body temperature that fits the data at the 95% 
confidence level. Although the first 4-s interval could be con- — 
sistent with a very coo! source of photons, the next two intervals — 
are only consistent with black-body temperatures > 0.4 keV. 
There is no evidence to indicate that the underlying X-ray 
source is any known type of X-ray activity, in particular, a < 
burster. Rather, the X-ray source is probably a result of heating — 
of the surface by the overlying, hotter region. i 

One potential difficulty with our model is that the cooling / 
time of the overlying plasma is ~ 10~°s, much shorter than the _ 
duration of the bursts. Thus, some process must. replenish the 
overlying region. A similar prenie is also found ir in most. oth p 
y-ray burst models”. —— Te SE s 

Three of the. assumptions wet have ve made a are: z (1) 








































: | although changes in the best-fit 
cur, ‘Recently, very high magnetic fields 
- been assumed in y-ray burst models*’, 
have made a preliminary comparison of the spec- 
es. predicted for cyclotron processes (see ref. 7) with 
urst spectra. Cyclotron spectra seem to be much softer 
| typical y-ray burst spectra. A very hard spectrum (such 
'B781104) would be even more difficult to fit. To prevent 
_ eyclotron processes from dominating the radiation transport, 
__ the magnetic field in the comptonizing region must be <10° G. 
_ Even a field as low as. 10° G would be able to confine the plasma 
on the time scale of replenishment. 
oe There are two other features of some y-ray burst observations 
a which could naturally be explained by comptonized X-ray 
models, In some bursts, the spectrum consists of a normal y-ray 
component plus a soft component (with kT <20keV)'. The 
_ soft component is discernible during periods when the y-ray 
x above 100 keV has dropped to near background. Two 
y amples of such bursts are GB790329 and GB790524 (see 
ig. 2 in ref. 1). The Comptonized X-ray burst model would 
a: imilar: two-component spectrum when the density of 
rlying region decreases so that some low-energy photons 
having scattered, and thus, retain the spectrum 
ck body. Those photons that do scatter produce 
bserved y-ray component. 
econd observation which might be explained by the 
“comptonized X-ray model concerns the y-ray burst of 19 
November 1978. The spectrum initially had a low energy cutoff 
starting ; at. ~ 400 keV; as the spectrum evolved, the cutoff 
tok nergies resulting i in a monotonic-appearing 
ehaviour is consistent with a comptonized 
lensity of the scattering medium was high. 
there is a sufficient number of scatterings 
yhotons, thus producing a Wien peak. If the 
2s, the spectrum would become monotonic. 
e annihilation lines’ are probably too narrow to 
by Wien peaks. In fact, the broad emission feature 
ember 1978 was not identified as an annihilation line 
set al.’ Mazets et al.' claim an annihilation line in 4 
iber 1978 whereas our comptonized black body fits do 
i quire such a line. However, a smooth line through our 
points in the thermal bremsstrahlung unfolding during the 
4 s would seem to require a line at about the intensity and 
shape reported by Mazets et al.' (see Fig. 1). This demonstrates 
Spurious line features can be produced if a wrong con- 
uum shape is assumed. 
he best-fit parameters indicate that y-ray burst continua 
onsistent with an X-ray source which undergoes inverse 
ymptonization by a hot overlying plasma. Such a hot plasma 
ormally assumed for a y-ray burst and we offer no explana- 
tion of why the hot plasma would be overlying an X-ray source. 
Rather, these results indicate that a particular continuum shape 
other than thermal bremsstrahlung can sometimes better fit the 
available data. The implications of these fits should be explored 
with more detailed theoretical work. 
- -We thank A. G: Petschek, F. A. Cordova and W., C. Pried- 
horsky- for helpful discussions and comments. The 
Berkeley/Los Alamos ISEE 3 solar X-ray spectrometer has 
_ been supported in part by NASA under contract NAS$5-25980. 
_ This work was done under the auspices of the US Department 
_of Energy. 
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Metal—organic coating interface 
as studied by emission 
Mossbauer spectroscopy 
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A major unknown in an understanding of the interface betwe 
an organic coating and a metal substrate is the chemical nat 
of the interfacial region. This is specially important in unde 
standing the phenomena that control ‘wet adhesion”, the abi 
of coated metals to withstand long exposure to high humic 
conditions, and the disbonding of light-sensitive. polymers: se 
in lithographic plates and photoresists. We report here 
5Co emission Méssbauer spectroscopy can be used to stud 
the chemistry of the interfacial region in a model system consis 
ing of cobalt metal and a commercial polybutadiene coatin: 
A previous study showed that the Méssbauer technique was 
suitable for studying corrosion beneath a coating’. Cobalt 
selected here as the substrate metal because the isotope Co 
is Méssbauer-active and can be concentrated at the mei al 
surface using electrodeposition. Polybutadiene is selected 
the coating because of our previous work with this mater 
and the utilization of polybutadiene by Dickie and co-worke 
and by Castle and Watts? in corrosion studies. 
Emission Mössbauer spectroscopy is based on the 14 A-k 
y ray that is emitted from “Fe as a consequence of the electi 
capture decay of Co. Althou ugh the Mossbauer’ spectr 
obtained with this method are of *’Fe, it is likely that it will b 
possible to obtain information about the chemical state of the 
initial "Co isotope. Indeed, in many cases emission spectra of 
cobalt compounds give hyperfine parameters expected on the 
basis of known oxidation state, structure and magnetic propēr= 
ties. It is also commonly observed that a fraction of the oxidation — 
states of °’Fe is atypical of the original oxidation state of Co. 
These atypical oxidation states are produced as a consequence __ 
of the Auger cascade that follows the electron capture decay 
of °’Co (refs 6-8). The fraction of these states that are stabilized _ 
is a function of chemical environment. For example, no atypical — 
“Fe oxidation states are found in metallic environments, 
whereas in other compounds, such as hydrated cobaltous salts, 
a significant fraction of Fe** is found, Our interpretation of the | 
emission Mossbauer data is based on extensive emission studies 
of the oxides, hydroxides and hydroxyoxides of cobalt that may 
be present ata cobalt metal-polymer interface’”'’. The reported 
changes in the emission spectra of cobalt at this interface 
represent either direct changes in the chemical state of cobalt: 
or changes in the environment of cobalt that in turn affects the. 
stabilization of atypical °’Fe charge states. 
Cobalt, doped with *’Co, was electrodeposited at room tem 
perature on a cobalt substrate at a current density of 
0.01 A cm? for 5-20: s while the metal was immersed in a a bath ’ 
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5. pectru m of | electrodeposit 








A Component 
ore applying the polybutadiene Fe" 
“coating (Fig. 1) Fe" 
Fe 
7 ie: applying polybutadiene coating Fe" i" 
` but before baking Fe 
Fe 
After baking the polybutadiene coating ZA 
for-30 min at 200°C (Fig. 2) Fe" 
Fe 


(mm s”!) 
0.093 
-0.952 
: 0.398 
20. 149 
—0.925 
0.532 
-0.127 


—0,883 
0.380 







(mms) 










0.808 0,996 on 
2.248 O 0.540 4. 
0.124 338: 0.885 24 
0.792 1.026 ÉT. 
2.096 0.786 TB 
0.168 336 1.241 a8 
0.701 1.032 SB. 
2.214 1.216 38 
0.220 337 1,088 a 


























T= line width; A = relative amount of component. 


Velocity (mm s71} 


1 ad, Méssbauer emission spectrum of a thin cobalt elec- 





a nic component a results from superficial oxidation 
of the metallic surface on exposure to air. The ratio of the 


the electrodeposit was increased. Maximum sensitivity in the 
experiments to be described was obtained with deposits which 
yield ee spectrum. similar to that i in Fig. 1. The major doublet 


4 4%) i is revealed by commpetel curve fitting. On the basis 
es % ‘Barr!’ “and of Rice eral.’ 9 it is likely that the 


qui alent o CoOOH. ‘Tdentification of the surface compo- 
ion by Mossbauer techniques. alone does not appear practical 
ro A exhibits s peci E different amounts of Ee” 











Count rate (arbitrary units) 


“Chemical shift (8) is given with reference to an enriched KyFe(CN), absorber; A= quadrupole splitting value; Hs. = hyperfine magnetic splitting. l E 


that shown in Fig. 1. The Mössbauer parameters are given in uo 
Table 4 1. The coated metal was cured o oy ard at. 200 One n> 












could account ior the i increase in the Fe** componen. First, a 
interaction between the cobalt oxide and the polymer may hav 
reduced Co** in the surface oxide to Co”* . Second, ne treat- 
ment may have led to the dehydration ofa.: Co? "0% tl 
result of destabilization of Fe’ . (Stabilization of F > 
presence of water is thought to be the result of oxidation of 
Fe** to Fe** by OH radicals produced by the radiolys sof vate 

molecules by the Auger electron ionization®*.) The reducti 
of the surface oxide is supported by the tentative conclusion 
of Castle and Watts® that the oxide on iron is partially reduced E 
during the baking of polybutadiene coating on steel. The latter _ 
conclusion was tentative since it was based on X-ray photo- 
electron sporening studies of si oxides. and i it i 
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galee states of the cations | in oxides! w 

The experiments described in Table. i were ropbiied ‘evens 
times with similar results showing that the Méssbauer technique 
is sensitive at the level required to give information about 
chemical nature of the organic coating-metal interface 
following conclusions can be drawn: (1) The contact. betwe 
the cobalt metal and the polybutadiene is through an oxide 
hydrous oxide at the interface. (2) No major: changes" 3 
cobalt interface occurred after apples: of me coating and 







































a cor : f the reaction; 2Co** +Co= 3Co**, 
king of the coating because the relative amount of 
idi ed metal remains approximately constant before and 
T baking. (6) The conversion of Fe** to Fe?* may be 
attributed to either a reduction of Co** to Co”* or to the 
destabilization of Fe** by the dehydration of Co” oxide. 
_ Small changes in the chemical shift and in the quadrupole 
o splitting values before-and after baking the polybutadiene may 
-be significant, but we prefer to wait for further experiments 
< with other metal-polymer coating systems before drawing fur- 
ther conclusions. 
We thank the Office of Naval Research for support. 
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_ Ocean waves are a principal agent in the deterioration and 
-ultimate breakup of Antarctic tabular icebergs in the Southern 
Jcean. We present here some preliminary results from a recent 
January 1982) field season on board HMS Endurance during 
yhich two tabular icebergs of very different shape were studied 
in detail. The data augment the results of a similar season of 
work’? which took place in 1981 near the South Sandwich and 
_ South Orkney Islands. Instruments to measure rigid body 
motions and strain gauges to determine wave-induced bending 
were deployed at the surface centre of the two icebergs visited, 
-while a Waverider buoy simultaneously monitored the ocean 
:. wave-energy spectrum. The precise underwater shape of each 
<- iceberg was determined by flying a 60-MHz radar (developed 
_ for-use over land ice)** in a grid pattern across the surface of 
he iceberg. By this means a complete three-dimensional picture 
f the iceberg could be inferred. The results show that icebergs 
tend to act as low-pass filters and inhibit short period waves. 
Furthermore, they selectively resonate at certain wave periods; 
the strain data, in particular, indicate unexpectedly large flexure 
cannot be explained by simple bending alone. Finally, 
eometry of icebergs can be such as to render them unstable 
liable to turn over. 

rst iceberg, which was encountered close to Clarence 
the South Shetlands, was about 1,200 m long by 480 m 
h a freeboard varying between 39 and 57 m. Radio 
files showed the iceberg to be roughly trapezoidal in 
ion with the bottom sloping along its length. The 
ceberg was located further. north at _bES1. 3 S, 
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which has been found in many of our radar a is the 
region of weak bottom return echo to the left of the pin 


Royal Navy Wasp helicopters were ‘awed to apie 
and personnel onto the surface of the ice, and to carry 
radio echo sounding. On the surface, three accelero 
mounted on gimbals were used to measure heave, surge 
sway, and two tiltmeters measured pitch and roll. Three I 
deep trenches in a 120° rosette configuration” were « 
the strain measuring equipment. The three strainmeter: 
been developed by the Scott Polar Research Institute (S 
specifically for use on sea ice’. Their use on an iceberg s 
presented serious mounting problems as the top 30 m are ma: 
up of firn and snow interspersed with ice layers. A satisfacte 
mount was finally achieved by driving 2-m long alumini 
cylinders into the surface and then rigidly fixing the strain et 
to them. Simultaneous measurements of the wave field it 
waters around the berg were collected using a Waveride 
located several kilometres away. 

The main features of the icebergs’ motions can be infe 
from Fig. 2, where the original time series, and the unsmoo 
and smoothed power spectra are BRR for the larger 




































buoy data is Ruh greater than that of any of the sensors loc 
on the iceberg itself. This demonstrates that icebergs @ 
















ng spe 

The 8-s cutoff i is very ‘distinct for surge, roll and strain | hot 
the iceberg shows energy in heave at periods as low as. 6s. - 
is also significant that the dominant peak in the Waveri 
spectrum does not necessarily occur at the same period as the 
in the other spectra. In heave the peak occurs at about 165, in 
surge at 10s, and in roll at 11 s. This agrees with rough calcula- 
tions to find the respective natural frequencies, and indicates 
that the iceberg can tune to the incident ocean waves: and 
resonate at a period which is dependent on its geometry and 
structure. This is especially apparent in the strain spectrum 
which shows three distinct peaks at periods of 10, 15 and 50 
showing that the iceberg is extracting energy from the ocean 
waves at selective periods. The strains corresponding to these 
peaks are of the order of 107° , considerably greater than we 
would expect unless a resonance was occurring (10°° is typica 
of sea ice floes two orders of magnitude thinner’). , 
Figure 3, showing another startling example of resonance 
seen on the first iceberg, is a copy of the roll data as recorded 
on the iceberg during the experiment. Dominant periods in the 
data are clear at about 14 and 100s. The shorter of thi 
oscillations represents the ocean wave forcing, the longer: 
natural period of roll for an iceberg of this shape and structu 
It is interesting to speculate about the origin of the 100-s T: 
The oscillation might have been generated impulsively. 
continually maintained by: some energy in the open: ' 
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y -ttiie series and computed power spectra for a, the Waverider buoy data and b, the heave; c, surge; d, roll; and: €; strain motions 
of a tabular iceberg. The smoothed spectra are groupes: by nine continuous power spectral density een) values. 








hat period. In the first case the motion would decay ata rate — due to gravity. With appropriate values for. the width. (ase | | 
stermined by the ‘Q’ of the ice-water system. In the second, _ the thickness (273 m) and the density (850 kgm" *—assumed - se 
he energy might come from wave packets forcing fluid motions constant but reduced because of any density variations in the x 
‘on the length scale of the modulation envelope. berg), the effective radius of gyration is found to be nearly 
-A simple calculation drawn from Lewis’ review on the motion 400m. This is more than double the value for the iceberg if 

f ships in waves’ may be used to interpret the 100-s roll. the fluid’s contribution is neglected, and emphasizes thatadded 
Figure 4 gives the necessary parameters for the calculation. inertia must be taken into account if reliable theoretical esti- 
The metacentric height, GM, for the iceberg is given by mates of rolling period are to be found. Finally, it is of intereste 





ae d to investigate the stability of the rolling iceberg: Adopting the 
GM = 7 -1+5 (1). suggestion of Weeks and Mellor'’ that an iceberg should be 
3d 2 -considered unstable if its metacentric height is <10% of io 


width, we find that the iceberg was just stable. 7 2 
In conclusion, it must be stressed that there isa singular lack 2h 
o 4r r? of data on the behaviour of icebergs in ocean waves. Two field 
i z GM (2) seasons. have been carried out by SPRI in cooperation with 
| Norsk Polarinstitutt, and Foldvik et al. have reported some 
measurements which took place during the Norwegian Antarc-. 
tic Research Expedition of 1978-79. The results from the two 
SPRI seasons together constitute a unique data set which may 


The expression given by Lewis for the natural period of roll is | 





jere r is. the eee radius of aA about the axis of 


“Time 18) ae 
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Fig. 4. Simplified rectangular iceberg section. M is the iceberg’s 
metacentre, G is its. centre of mass, and H is its centre of buoyancy 
(the centre of mass of the displaced fluid). 


: be used to predict sea-keeping characteristics for tabular ice- 
nes bergs generally. Foldvik’s discussion is unfortunately limited to 
tilt alone as his strain measuring system was unable to resolve 
he slight cyclic bending which occurred. In presenting his tilt 
data, Foldvick has derived theoretical curves based on equation 
2) but has neglected added inertia, We have shown that this 
can seriously underestimate any natural roll period calculations. 
[h 1e data reported here fall at the two extremes of his measure- 






















\ ve thank the avdtoaragiiee of the Royal Navy for permission 

n HMS Endurance, and Captain Barker, the officers and 

w of the ship for their patience and help. We thank the 

orsk Polarinstitutt (NP) and the Radio Echo Group at SPRI 

‘or doan of equipment, Drs Peter Wadhams and Olav Orheim 

‘advice on experimental design based on 1981 experience, 

ssom. for diagrams, and Arne Gaard for stimulating 

1e project was assisted financially by BP Co. Ltd. 

+h student supported by a British Council grant, 
mundsen Minnefond and NP field expenses. 














accepted 25 May 1982, 
eny Ma Orheim, O. & Wadhams, P. Polar Rec. 20, 445-457 (1981). 

D, Wadhams, P. & Kristensen, M. Ann. Glaciol. 3, 357-358 (1982): Iceberg 
i 10-15 (1982). 

8 & Smith, B. M. E. J. scient, Instrum. 2, 131-136 (1969). 

nG. de Q. Evans, $. & Bailey, J. T. Phil. Trans, R. Soc. A268, 437-505 (1969). 
Jaeger, LC Elasticity, Fracture and Flow with Engineering and Geological Applications 
ae (Methuen, New York, 1956), 

2 ae Sat ire a Va A. J. Glaciol. 29, 425-431 Ei 






pa 









al A Architects and Marine Engineers, 1967). 
n W. F.-& Mellor, M. Iceberg Utilization, Proc. of the First int. Conti, Ames, lowa, 
98 {Petgamon, New York, 1978). l 

Ay Gammelsrod, T. & Gjessing Y. Ann. Glaciol. 1, 29-30 (1980). 








deep | seismic reflection profile « over a 
al ledonian granite in central England 





oP. K. H. Maguire*, E. M. Andrewt, G. Arter*, 
"R. A. Chadwickt, P. Greenwoodi, I. A. Hill*, 
CN. Kenoltyt & M. A. Khan* 


o ™ Department of Geology, University of Leicester, 
Leicester LE1 7RH, UK 

+ Applied Geophysics Unit and t Deep Geology Unit, Institute of 
om Sciences, Keyworth, Nottingham NG12 5GG, UK 







n 1980, a short, deep reflection profile, undertaken jointly 
yi he University of Leicester and the Institute of Geological 
ences, crossed a buried Caledonian granite to the south-west 
iton Mowbray in Leicestershire. Little structure is seen 
tion between the top of the granite at 0.25 s two-way 

NT), and a zone of very strong sub-horizontal 
efie ions. at 6 s. TWT. A further reflection zone is identified 
WT below which. there are a series of strong but 














— ee either the granite peor ha 


is sugges 









effect on the lower crust sampled by the profile, or t 
crust was mobile enough to have developed layering since hi 
granite was emplaced during the Caledonian orogeny: 

The various granitic rocks of Leicestershire observed” 
Mountsorrel, Countesthorpe, Croft, Enderby, Stoney Stantot 
and in the recent NCB borehole at Kirby Lane, south-west o! 
Melton Mowbray (Fig. 1) are considered to be the surface 
expression of a large calc-alkaline granitic pluton’ *. a “These 
granitic rocks generally have a strong magnetic signature and 
have been shown to be distinguishable from the surrounding 
Precambrian, meta-sedimentary and meta-volcanic rocks a 
basement level by their near surface, lower P-wave seismic 
velocity, derived from seismic refraction data’. 

A particularly suitable problem for a limited-budget, deep 
seismic reflection programme was to examine whether a granit 
may provide a transparent medium for acoustic energy to 
penetrate the lower crust. It was therefore decided that a survey 
should be undertaken over the large, 250 nT, aeromagnetic 
anomaly associated with the Melton Mowbray granite, in pa 
ticular along a disused railway line passing within: ik cm 
Kirby Lane borehole. | 

Data acquisition was carried’ out using ‘the following 
meters: 9 kg explosive charges at 15m depth, recorded 
24 channel ‘end-on’ array: 12 geophones per station at: 
station interval. Shooting every station resulted in 12- 
multiplicity, horizontal subsurface cover being 2.125 km: D 
were recorded to 12s TWT and processed at a 4-ms sa 
rate, using a routine oil industry processing suite (Fig. 

At first sight the section is divided into three distinct is i 
(1) from the surface down to a fairly complex but strong: 
between 0.25 and 0.32 s TWT; (2) a relatively signal-free 
down to a strong band of reflections at 6s TWT; and (3) dc 
to the full recording time including many strong but impersisten 
phases. The complete record is generally laterally homogene 
except for a small region between 1.6 and 1.95 TWT in. 
signal-free interval, which includes a few high frequenc 
tinuous reflections at the north end of the profile. 
reflections are associated with anomalously high st 
velocities. Throughout the section, although most 
reflections are almost horizontal, some do show dips 
maximum of ~100 ms in 2 km, giving maximum appar 
of ~10°. 
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5 TWT were omitted fice of very zehar faterat extent, agd 
therefore uncharacteristic of the whole profile. The two minor 
peaks at ~0.6 and 0.9s TWT are almost certainly multiples. 
The signal-free zone is divided into an upper, completely free _ ae ~10 
zone down to 4s TWT and a lower zone including a few, short, | 




































continuous correlatabie pulses. Below the 6s TWT band of = Ze Depth (km) : ; 
reflections a second prominent group at 7.2 s TWT appears at = < 5 using. o 
i derived 


the top of the broad zone of strong but impersistent reflections. 
To estimate the depth of the various reflection zones, a velocity- 
epth profile has been derived from other data. 
_. The granite velocity, derived from Birch* is compatible with 
that observed near the upper surface of the Mountsorrel 
ranodiorite”. Lower crustal and sub-Moho velocities, together 
ith a reasonable depth to the Moho of 30 km, were obtained 
‘om. the LISPB results®, which are not inconsistent with a 
ossible velocity structure beneath Charnwood Forest’ (Fig. 1). 
Using these velocities it is necessary to invoke a change from 
6.3 to.7.1 km s` at mid-crustal levels. It is considered that such 
hange could occur at the major reflection band at 6s TWT. 
hough the velocity jump and associated two-way time are 
urely speculative, there is supporting evidence in the fact that 
nterval velocities derived from the stacking velocities of the 
hree most prominent reflections at 0.25, 6.0 and 7.2s TWT 
: very similar to the constructed velocity-depth profile (Fig. 
). This has been used to generate the depth scale on Fig. 3. 
elow 7.2s TWT, the identification of any coherent events as 
mary reflectors would be highly speculative, particularly i in 
w of the very limited horizontal subsurface cover. : 
There are several more conclusions to be drawn from this _ 
The Leicestershire granite pluton does provide an 
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Fig.3 Section reflection character. 






acoustically transparent medium through which si seismic zenére | 
can penetrate the lower crust. However, it is not. possible to 
identify positively the base of granite. A slight change in charac- 
ter of the section below 4s TWT may indicatea different crustal 

fabric but the main change occurs below 6s TWT. The Moho, 
at a pine of ~30 nay 8 almost certs hes w i 











S= 2.125km—eN (s TWT) 


section below the {op rA of the granite. | 





interval velocity (kms ') ios ee 
. a oe Cee ee. 





f 4 Fig. 2 Seismic 
section. 
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saggeits an aa in tee Pe 
e last decade**. To understand and assess 
d implications of temporal variations in atmos- 
lane requires improved quantitative knowledge of 
sources and sinks. We report here methane flux 
ments made over a 17-month period in the Great 
vamp, Virginia. These flux measurements indicate 
reat Dismal Swamp soils can act as both a source and 
ink for atmospheric methane. In a waterlogged condition, 
p soils are a net source of methane to the atmosphere 
onal variations in emission rates from <0.001 to 
H, m? day~'. During drought conditions, swamp soils 
| ates gree methane at rates of <0.001 to 
dy 1. While these results should not be 
d re a cane soils, they illustrate the potential 
f processes which regulate net flux of methane 
vetland soils and the atmosphere. 
jor natural sources of atmospheric methane involve 
robic fermentation of organic material by microbial activity 
tland ecosystems and enteric fermentation in mammals’. 
Whi several laboratory and field investigations have identified 
- variables correlated and coupled to the biogenesis of methane 
in soils and sediments’'*, existing data are inadequate as a 
basis for quantitative estimation of global sources. Inadequate 
_ methodology for in situ quantitative measurements of methane 
_. flux at air-water and soil-water interfaces in wetland environ- 
ments has been a primary limiting factor. Previous measure- 
ments haveinvolved limited sampling of gas bubble flux through 
| water column or use of simple static chamber techniques. 
jeasurements i in static chambers have been criticized for 
1g serious modification of the atmosphere over the soil 
uring long incubation periods. We have developed a 
ue for gas flux measurements in wetland environ- 
ch combines a gas-filter-correlation (GFC) IR absorp- 
alyser with improved sampling chambers that enclose a 
closed chambers) or chambers that are open to 
nduced air flow from outside (open shambers). This 
ampling and analysis system. has high. precision 
1.) an fast respe nse. time (i 2 for measuring 
x a CH, m7% da 

























repor Geese were obiained he a 0.5 m? closed c 
the closed chamber mode, air continuously, recircul: 













the sampling chamber over the soil through the GFC : 
to the chamber; any changes in methane concentration. i 
chamber are measured continuously. A circulation fan m 
tains an average air flow of 0.63 m s`" in the chamber. Chamb: 
temperature and humidity are maintained at ambient atmos 
pheric values throughout a flux measurement. Calibration of 
the system is carried out each day in the field using: certified 
methane standards. Details of instrument design, calibration 
and field testing are given elsewhere’ 

A study of plant ecology, soils and nutrient cycling. in the 
Great Dismal Swamp, Virginia (latitude 30°40 N, longitude 
76°30' W) has provided an excellent opportunity to examine 
ecological and climatological factors in relation to temporal 
variations in methane flux. Extensive background data are 
available on the hydrology, ecology and land-use history of the 
Great Dismal Swamp'*"!’, Measurements of water levels and 
soil and air temperatures were collected throughout our 1 
month study period. E 

The Great Dismal Swamp is an 85, 000-hectare for 
peat bog and is one of the more extensive sw 
remaining in the USA”. All of the methane flu: 
reported here were taken in a. maple-gum habitat. 
(Acer rubrum and Nyssa aquatica) is the domina 
in the swamp, with scattered stands of- cypress. { 
distichum) and cedar (Chamaecyparis thyides) as se 
components. Seasonal inundation of the maple-gum 
varies in depth and frequency reflecting local rainfall. 
the period of this study, we had an opportunity N to. stud! 
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~ ‘From September to December, 
_.. decreased as soil temperature decreased. During March and 








= Figure’ 1 “summarizes temporal variations in water ids soil 
temperature and methane flux for the Dismal Swamp maple- 
gum soil from September 1978 to February 1981. Two features 


- of the methane flux variability are of particular interest. First, 


“measured emissions of methane from waterlogged soils to the 
ce atmosphere ranged from a low of 1.3 x 10° g CH, m > day”! 
in December to a high of 19.7 x 10° g CH, m”? day” in April. 
methane emission rate 


< April, methane emission rate increases as soil temperature 
increases, Note that for any specific soil temperature above 





_. 2°C, methane emissions in spring exceed fall rates. 


Drawing analogy with studies in lakes, we hypothesize that 


— ; microbial activity in the soil profile is stratified with methane 


oxidizing microorganisms living in the shallow aerobic surface 
~Jayer and methane producing microorganisms living at depth 
-in oxygen depleted habitat. Our measurements are net flux 
between the soil and atmosphere. During winter surface soils 
¿down to ~ 2 cm are at temperatures < 1°C, while the remainder 
of the peat profile (2-60 cm) maintains temperatures of 2-4°C, 
Thus, the early spring maximum in methane flux to the atmos- 
phere in April 1980, may represent a period when winter-spring 
production relative to oxidation rates reaches a maximum. Snow 
cover and frozen soils would both inhibit metabolic activities 
of methane oxidizing microorganisms in surface soils and reduce 
gas exchange across the soil~air interface, leading to an accumu- 


lation of methane in the soil during winter months. The pattern 
of methane evolution we observed in spring 1981 in the Great 
ismal Swamp may be similar in origin to episodic gas evolution 


om Arctic tundra soils during spring thaw”’. 


: Methane fluxes to the atmosphere from maple-gum peat soils 
“the Dismal Swamp are generally lower than flux rates 
2-24 Several factors includ- 
the enhancement of emissions by aquatic plants” , differen- 
es in. soil organic matter and nutrient content”®, and differences 
measurement techniques could be contributing to the obser- 

j differences in flux rates. We do not claim that our measured. 
ux rates in the Dismal Swamp are representative of other 
orested wetlands; rather we consider the primary importance 
our data is in illustrating the potential complexity of processes: 
ich regulate long-term net flux of methane between wetland | 


easured for other wetland soils? 


cosystems and the atmosphere. 


-The second major feature in our study of temporal variations 
1 methane flux is the reversal of the flux from July 1980 to. 
February 1981. During this period, the peat soils in the maple- 





gum habitat of the Great Dismal Swamp were a sink for atmos- 
pheric methane. Methane removal from ambient air over the 
soil surface is associated with drought conditions. The water 


table dropped below the bottom of the surface peat, producing | 


a-relatively dry, porous soil. From October 1980 to February 
1981, the methane flux from the atmosphere to the soil 
decreased as soil temperature decreased. While methane oxida- 


tion in certain lake and marine environments is well docu- | 


d7! 


mente , we believe this is the first fieid measurement of a 


soil sink for atmospheric methane. Previous investigators con- _ 


cerned with the atmospheric methane budget have concluded 
that the soil is not a significant sink****. While our results 
represent only one ecosystem, the question of dry peat soils as 
asink for atmospheric methane should be considered an unre- 
solved issue. Measurements over a normally dry soil under 
hardwood forest during this same time interval showed no 
detectable methane flux. 

As an independent approach to the study of methane con- 
sumption in soil, we sampled gas from depths of 5, 12 and 
33.cm in the peat soil. Small volume samples were drawn into 
evacuated flasks, followed by laboratory gas chromatographic 
analysis. Methane concentrations in soil gas decrease with depth 


from 1.6 p.p.m.v. (surface), 1.5 (5cm), 1.4 (12cm), to 1.0 


interface using the GFC system. on the same day ` was 2. 6x A 
10° g CH, per m’ per day. The slightly higher value for the ` 
directly measured flux is expected because factors such as the ~~ 
air flow over the soil surface can enhance transfer rates relative 

to molecular diffusion. The relatively close agreement between 
independent techniques adds further support to the concept of 
Dismal Swamp peat soils as a sink for atmospheric methane | 
during dry conditions. 

Our results raise questions concerning the generally accëpted 
estimates of global methane emissions from wetlands and the 
assumption that soils are not a significant sink for atmospheric 
methane, Previous estimates of methane flux from major wet- 
lands of the world have been based on a simple temperature- 
methane production relationship”'*. Our results indicate that 
soil water content, temperature and other seasonal climatologi- 
cal factors are all potentially critical factors in determining J 
whether a wetland soil is a net source or sink for atmospheric 
methane. Most of the major tropical freshwater wetlands. of 
the world are subject to seasonal fluctuations in rainfall and 
water levels. The Florida Everglades, Okefenokee Swamp, _ 
Sudd and most rice fields are typically dry for at least several. 
months of the year. In addition, extensive land reclamation: 
projects are underway in the Everglades, Sudd and other wet- 
lands which involve drainage and conversion of wetland so ; 














of the role of natural wetlands as a source. of: qneth ni 
global atmosphere is necessary. Most importantly, our 
illustrate the potential complexity of the problem of quanti | 
tively determining long-term net flux of methane from a wetland -, 
ecosystem to the atmosphere. . 
We thank the staff of the Dismal Swamp National Wildlif 
Petugo for EA Froan] studies in the. gwatnp 
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Au a: the Rockies, Montana State University, Bozeman, 
mana: 59715, a 


i Recent discoveries i in the late Cretaceous (Campanian) Two 
Medicine Formation of western Montana indicate that some 
_ dinosaur species, like some modern species of birds and 
_ crocodiles, nested in colonies. I report here evidence that mem- 
one species returned to the same nesting area for many 
‘here are also indications that, after hatching, some 
remained in their respective nests whereas others left 
he nest but remained i in, or at least returned occasionally to, 
jing site. The area in which these discoveries were made 
low Creek Anticline of Teton County, where in 1978 
ng. hadrosaurs provided the first evidence 
rental care among dinosaurs’. 
‘in the same sediment horizon that produced 
nest’, a second nest of younger juvenile hadrosaurs 
m long) and the weathered remnants of six unoccupied 
ests containing abur dant eggshell remains (Fig. 1). All of the 
eight nests seem toh ve hosted conspecific hadrosaurs, of an 
é | i yecies, as the eggshell fragments from 
ctur illy identical. Each nest appears to have 
as a circular or oval pit within a preconstructed 
-ref, 1; Fig. 1). They were each found at an 












































preted as a floodplain deposit”. Where erosion 
not destroyed or obscured parts of the nesting 
sts are at least 7m apart or approximately a 
lent to the length of an average adult hadrosaur 
There may, therefore, have been as many as 40 
,000 m° area. The occurrence of eight nests along 
ears to have been a single time horizon, within a 
‘small area, suggests that these hadrosaurs were nest- 
olony. i 

iththe exception of a single isolated juvenile in the nesting 
emains of the young hadrosaurs were found in nests 
h eggshell. Although the skeletal elements of the 
‘latively well ossified, even on the youngest 
Is, there is no indication that they were precocial 
ding individuals that would have ventured out of their 
‘ ae: nests without parental supervision, as suggested for 
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Fig. 2 a, Map and vertical section of the anticline showing the _ 
relationship of the egg clutches attributed to the -hypsilophodon- 
like ornithopod. Values represent the number of eggs per nest, 
broken lines enclose clutches found on single horizons. b, Typical 
clutch arrangment viewed from above. c, Egg clutch viewed from 
the side showing how the lower portions of the eggs are 

in siliceous. carbonate sediment. ES 


Psittacosaurs*. Early ossification may instead simply 
rapid growth. As for the juveniles being too small for effec 
feeding by the adults, or possibly being crushed by : 
‘mis-step’ (ref. 3), the fact that the crocodilians mana; 
overcome these difficulties*® implies that other archo 
could also manage to do so. If by instinct or parental assist 
the young remained in their respective nests and the parent 
them from the nest perimeter, the young may have grown 
rapidly, and there would have been less risk of infant morta 
Protection against predators would have been afforded by bo 
nest confinement of the young and the closely-packed nests o 
the colony with the continued presence of many adults. 
some adults foraged and gathered food for their young, 
presence of other adults remaining in the nesting areamay 
thwarted potential predators, as is thought to be the case 
many colonizing birds’. The presence of the two nests conta 
the remains of juveniles probably reflects this security in t 
they were not obviously preyed upon. Their deaths may. 
been due to starvation after the death of their parents. — 

A second nesting site (Fig. 2) on Willow Creek Anti 
which has yielded several juvenile ornithopods, closely 
to the Hypsilophodontidae, offers evidence not only of colo: 
nesting but also of ‘site fidelity’ (multi-year use of nesting site) 
and the possibility of bird-like créches. The 10 nests attributed 
to these ornithopods contain the hatched remains of up to 24 
eggs per clutch. Clutches that do not appear to have suffered | 
erosional damage are ~ 1 m in diameter, and were found along. 
at least three different horizons, incorporated in brown, organic- — 
rich, siliceous carbonates with mudstone inclusions”. These are - 
interpreted as products of soil formation where partially dried 
sediments were repeatedly disrupted and mixed in the process. 
of nest construction and daily traffic’. Although the exposed 
site of these nests is being excavated, the number of clutches — 
so far found along these three horizons suggests colonial nesting - 
for this species. The fact that they occur at different levels. 
indicates that the members of the species returned to the site 
for many years. The elongate, ellipsoid eggs attributed to these 
ornithopods were meticulously laid with their smaller ends — 
‘planted’ upright to oblique, partially into the siliceous carbon- 
ate sediments (Fig. 2). On hatching, the young left through the 
top portion of the eggs, leaving the lower portions intact with 
the sediment. The fact that the lower portions were preserv 
rather than crushed and broken by trampling of the you 
together with the fact that juvenile remains were not foun 
the nests, suggests that the young of this species did not rema 
in the nests tong: arter hatehing It is. ee however 





































a result of parental care. 
-.. Considering the variety of nesting habits and social 
© behaviours exhibited by the different crocodilian species or 
: particularly by Recent birds, it is expected that the morphologi- 
cally and ecologically diverse dinosaurs would also have 
< exhibited a variety of behaviours. 
< <I thank the 1979, 1980 and 1981 Princeton Expedition 
members for their hard work and many discoveries, D. 
< ‘Schankler and D. Wilcove for their helpful comments and the 
NSF (grant EAR 8007817) for support. 
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iterpretations of early human evolution“ 





proportions of A. 


attained forelimb proportions similar to those of modern 
humans but possessed hindlimbs that were relatively much 


shorter; hence the ‘intermediate’ humerofemoral index of AL 
Tan 


288-1 (85.1) compared with Homo sapiens and great apes 


it follows that relative and absolute elongation of the hindlimbs 
represents one of the major evolutionary changes in later human 
evolution. The bodily proportions of Lucy are not incompatible 
with some form of bipedal locomotion, but kinematic identity 
and functional equivalence with the bipedal gait of modern 
humans seem highly improbable. Reduced relative stride length 
in AL 288-1 probably implies both greater relative energy cost 
Jar relatively lower peak velocities of bipedal locomotion in 


A. afarensis. 


i ‘Speculation about the limb proportions of the earliest 
hominids has long preoccupied palaeoanthropologists and func- 
tional anatomists**''"**, largely due to the obvious importance. 
of such information for ‘realistic reconstructions of locomotor 
behaviour and probable phylogenetic pathways. Due to the 

a of associated, P limb bones from both fore- ees . 





: po 
“to “Others have 'propösei 
remains represent idividuals ~Q. 5- i 5 m slong, a ae that long’ 
the young of this species either remained in the colony or 


-returned to the site frequently, either of which may have been 


cise information about the bodily proportions of early 
minids is crucial for accurate functional and phylogenetic. 
. The partial 
leton of Australopithecus afarensis (AL 288-1; ‘Lucy’”*) 
overed in 1974 from the Hadar area of Ethiopia’ permits 
t direct assessment of body size, limb proportions and 

letal allometry in ancestral hominids that pre-date 3 Myr. 

ng allometric relationships for limb lengths in non-human 
catarrhine primates (as a whole and for African apes alone) as 
empirical base lines for comparison, I show here that the limb 
afarensis are clearly unique among 
hominoids. The data indicate that A. afarensis had already 














71245 and/or the. hindlimbs relatively short* 


recently prepared, partial skeleton of A. afarensis (AL 188- 1. E 
‘Lucy’) includes complete elements of forelimb (humerus) and: ae 
hindlimb (femur), and therefore provides the first opportunity 
to test previous inferences about limb proportions and skeletal. - 
allometry in ancient hominids. As Walker’ notes, it is only. _ 
when such data are available that “biomechanical analyses of 
the postcranial parts of Australopithecus will become more fhe 
convincing than they are at present”. ae 
Based on a skeletal sample of 454 adult, non-human atar 
rhine primates (Old World monkeys, lesser apes and great apes) 
and wildshot body weights, I have established allometrie - 
relationships for humerus length and femur length in catarrhines 
as a whole (a size spread from Miopithecus talapoin to Gorilla’ 
gorilla) and in African apes alone (from female Pan paniscus: © 
to male G. gorilla)'°. The sample includes 164 cercopithecines, à 
77 colobines, 116 hylobatid apes and 97 pongids. Body weights __ 
are taken from museum records and the literature. These scale. 
relationships serve in this analysis as comparative, empirical- 
baselines from which vertical deviations (d,,) can be identified. — 
in AL 288-1, a sample of modern H. sapiens anda small female 
bonobo chimpanzee. For prediction and dy calculation, model- 
I regression of log-transformed data is” regarded as more 
appropriate’ ** than model IT methods (although p ncipal axis 
solutions yield identical conclusions). Least-squ 
of logio (humerus length) and log (femur lengtt 
weight)” yields the following oe for 
whole: 
Humerus: 
Femur: 













logio¥ = 1.048 logo X +0.862 es =0. 88) oN 
logio Y = 0.828 logio X + 1.192 (r =0. 94) | 


For African apes only, the predictive equations are: x n IP aa Pas 


logio Y = 0.815 logigX +1. 229 (r= -0, 99) | 
logio Y = 0.437 logioX + 1.806. C= 0.94). 


Following Smith”, percentage deviations (' ‘prediction errors :) 
for humerus length and femur length were rr i $ ; 
equation as 












Humerus: 
Femur: 


Observed value — predicted value. 
Predicted value 


for AL 288-1, a female Mbuti pygmy H. sapiens 1s (MMC-18), oe 
male and female samples of caucasian H. sapiens anda female 
bonobo P. paniscus (T-29060). Body weight of Lucy has been 
estimated by her discoverers at 60 Ib (27. 3 kef)’. A conservative. A 
25.0-30.0 kgf range has been used in this analysis, consistent 
with independent estimates derived from both: linear”? and 
multiple (C. O, Lovejoy, personal communication) regression. 
Body weight of the Mbuti pygmy was calculated elsewhere”, ~ 
and the caucasian male and female values represent actual’ 
weights at death (Table 1). At 27 kgf the wildshot female 
bonobo falls at the lower limit of adult body size in P. paniscus. 
It is included in this analysis specifically because it is a pongid © 
skeleton that is similar in size to both AL 288-1 and MMC-18. 
Percentage deviations (Table 1) disclose a close similarity = 
between AL 288-1 and both H. sapiens groups in relative 
humerus length. The humerus is slightly shorter than predicted 
in all the hominids, whereas that of the female bonobo is longer 
than expected. In contrast, prediction errors for femur length 
indicate a great disparity between modern humans on the one _ 
hand and Lucy and T-29060 on the other. With the exception a 
of AL 288-1 relative to African apes, femoral deviations are- 
positive in all cases, but those of the modern human groups — 
are much greater | than | Aicy’s. The same results obtain e eve if 












239 = 281 





+ -27.3-30.9 256 349 








Caucasian iay 
"Caucasian 2 (a = 9) 


68.3 (+5,2) 336 (+17) 
55.0 (45,5) 308 (+11) 
27.0 289 291 


utopsy records of the Cleveland Museum of Natural History; 





th; FL, femur length. 


2) for femur length. A pygmy to caucasian 
ontrast, reveals near isometry for both skeletal 
obo to caucasian scaling requires extreme relative 
the forelimb (k = 0.43) coupled with extreme posi- 
allometry of the femur (k = 1.58), comparable with the 
cy-human vector. Because AL 288-1, MMC-18 and T- 
-29060 had approximately equal body weight, a direct com- 
“par f their limb dimensions produces the same conclusion 
erent manner. Lucy possesses the shortest 
hree, but the Mbuti pygmy humerus is only 
t of the bonobo is 21% longer. Lucy also 
shortest femur, but that of the bonobo is <4% 
mur of MMC-18 is almost 25% longer than Lucy’s. 
indices (tibia/femur x 100) of African apes and 
ery similar'’**, a short femur necessarily implies 
re hindlimb was comparably short. All analyses 
= same conclusion—that forelimb proportions of A. 
as represented by AL 288-1) were already compar- 
those of modern humans, but that the hindlimb of 
hominid was relatively short and proportionately 
o that of a small pongid. Earlier suspicions**'*""* of 


hort hindlimbs in Australopithecus are confirmed by 
gs, but predictions*”''*-’* of relatively long forelimbs 
əstantiated (at least in these gracile aus- 
i. These results also account for the intermediate 
femoral index (85.1) of AL 288-1 compared with H. 
and pongids”’””. 
imatic hindlimb elongation (absolutely and relatively) 
es as one of the major evolutionary changes from A. 
afarensis to modern humans. This finding contrasts with the 
l * that natural selection would be unlikely to 






















recent assertion” 
favour relative hindlimb lengthening in a short-limbed ancestral 
hominid. A major proportional difference between Lucy and 
a comparably sized ape is the shorter forelimbs of the former. 
Analogy to the locomotor behaviour of great apes and basic 
biomechanics of climbing'*”* suggest that the climbing capabil- 
ity of A. afarensis was probably diminished by such interlimb 
portions. Unfortunately, we do not know whether Lucy’s 
elimb proportions are primitive or derived for African 
Nevertheless, we do know that to derive A. afarensis 
y small-bodied hominoid with limb proportions 
naniscus would entail significant forelimb reduction 
nge in hindlimb dimensions®*'*. Because we do not 
ther the immediate ancestor of A. afarensis had 
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469 (+27) 
433 (+18) 


)/(predicted value) x 100 (see refs 17, 21). Catarrhine allometric equation 
gorilla, African ape allometry equations are model I regression estimates 
ions (such as principal axis) yield similar conclusions, but are statisticall 


Percentage deviation calculated as (observed value — predicted value 
. are model I regression estimates for a size run from M. talapoin to G. 
_ for a size run from female P, paniscus to male G., gorilla. Model II regress | icall 
- inappropriate for calculations of vertical residuals (d,,). The body weight of AL 288-1 has been estimated at 60 lb (27.3 kgf)’: a conservative | 
range of 25-30 kgf is used here. The body weight values for MMC-18 are from ref. 17. Body weights of the caucasian skeletal sample are f 
utopsy re only non-pathological (neither obese nor malnourished) individuals we 
The body weight of T-29060 is taken from the field notes at the Musée Royal de Afrique Centrale in Tervuren, Lengths of hum 
| AL 288-1 are taken from reconstructions made by C. O. Lovejoy at the Cleveland Museum of ‘Natural History. BW, body 





logio (limb length) on logio (body weight)'’*. The weight of A 
used here is 60 


ery 















% Deviation from Africa 
HE - 4 FL 


-9.9to-14.3  ~2.1 to +0 


a Dev ation from catarrhine line- 
AL FL 


~45to-10.4  +4Rto +10.2 










~0.8 to -5.0 +29,1 to +33.6 







-5.6 
~6.6 
+12.5 


+39,4 
+36.6 
+11.6 


~3.6 
-6,3 
+6.7 




























































Diagnostic details of the knee joint and bom 
afarensis are compelling indicators of a 
adaptation”, and fossilized footprints?" provid 
evidence of bipedal locomotion in A. afarensis. Howev 
relatively short hindlimb of Lucy implies substantial kinem 
differences in bipedal gait from the modern conditior 
relative and absolute stride length were necessarily reduc 
AL 288-1. The range of flexion and extension at the hip v 
have had to have been much greater in Lucy to match the: 
of, say, MMC-18, but nothing in the anatomy of the hip j 
would indicate an exaggerated degree of potential excursion’ 
These findings probably also account for the relatively sho 
stride reconstructed for the makers of the Laetoli footprin 
without having to resort to hypothetical ‘strolling’ behav 

Relative elongation of the hindlimb in later hominids would 
permit increasing velocity of gait at only a slight increa 
energy cost because increased speed can be achieved 
increased stride length rather than by increases in cadence (s 
frequency)”*~*’. Selection to reduce the energy cost of bij 
locomotion** would therefore favour hindlimb elonga 
although relatively long extremities are probably also ad 
tageous for enhanced performance (such as greater maxi 
terrestrial velocity). Thus the hindlimb proportions- 
afarensis and other ‘primitive’ details of the foot, an 
hip’? cannot be construed as evidence of a fully mo 
adaptation to bipedalism*'7**°, Boa oe 
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tions and criticisms. This work was supported in partby a SUNY _ 
University Award and by NSF grant BNS 79-24070. oe 





Table 2 Intergroup allometry coefficients (y = Bx“) 









POPES anirem 






Exponent 
Humerus 





Pairwise groups 





Femur = 
1.10 1.72 ha 






A, afarensis > Caucasian 
(AL 288-1)  {means) 
Mbuti pygmy ~ Caucasian 0.93 

(MMC-18) (means) a 
P. paniscus > Caucasian 0.43 1.58. 
(T-29060) = (means) 
















‘Exponent’ is estimated by the least-squares (model I). regr i 














O lb (27.3 kgf); that of MMC-18 is the midpoii 
nential value of - -0 indicates isometry or g 
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‘detectable 7-10 days after birth**. 


-rather than ‘wasted’ for thermogenesis”. 


exhibits hypothermia over a wide range of ambient tem- 
peratures, it has been suggested that their set-point for body 
temperature regulation is lower than that of the lean mouse’® 


body temperature when required to work for exogenous heat 
_in a cold environment. We now report that the set-point is 
-unchanged in the obese mouse because it behaviourally defends 
_a body temperature equivalent to that of the lean mouse during 
3 cold exposure. 


the experiments, were housed from birth in a colony room at 
23°C. The test apparatus consisted of a 24x 10x 18 cm cage 


















“lever. The lamps remained on as longas the lever was depressed. 
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, genetically obese (ob/ob) mouse has been extensively 
ied as a model of early-onset obesity. These mice are 
characterized by a wide variety of endocrine and metabolic 
fects including hyperglycaemia, hyperinsulinaemia with- 
nsulin resistance, hyperlipidaemia and hyperphagia’’. The 
marked obesity of this mutant cannot be attributed to over- 
ting because it remains fat even when fed the same amount 
ood as its lean littermate. The earliest indicators of the 
Job genotype, low metabolic rate and low body temperature, | 
: Hypothermia might, 
herefore, be a prime contributor to the development of obesity l 
` because a greater percentage of the diet will be diverted to fat 
As the obese mouse | 


_ If this is the case the obese mouse should maintain a subnormal 


_. Four pairs each of obese male and female and lean male and- 
“female C57BL/6J mice, 12-16 weeks old at the beginning of- 


_with a 3x 5.cm Plexiglas lever mounted at one end. The naive 
"mice were trained to press the lever until stable rates of heat 
-intake were observed when the cage was placed in a freezer at- 
“82 °C. Each response activated two 250-W IR lamps moun- | 
-ted outside the cage and focused on the area around the lever. | 
The total power dissipated by the lamps was controlled at- 
300 W, giving a radiant flux density of 180 mW cm™* at the | 


The time that the heat lamps were on and the total number of | 
Eeepanies were repordeg on , counters. in aw adjoining room. | 
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Body temperature was measured before and after each: test 
session using a Yellow Springs telethermometer and 402 rectal 
probe (2.5cm insertion), After training and one. additional 
practice session, each mouse was tested for 2h every 3 or 4 
days until four tests were completed. a 
Obese mice placed in the —8 °C test environment did not | 
maintain their body temperature at the initial value o °C: 
(Table 1). Instead, they raised their temperatur 
to a level comparable with that of the lean litterm: 
normothermic, their rates of heat intake were 
of lean mice. Lean females (25.1 g) obtained nost heat 
(26.1 s of heat per min), while obese males (50.7 g) and females — 
(48.4 g) obtained the least. These relationships between body 
weight and heat intake suggest that the size of the animal | 
significantly affects its exogenous heat requirement. This oes 
position is supported by the very high correlation 
A = —0.93) Between soi! hea and heat intake, 






















than the obese 1 mice. Tava ey: sat on he Jer 
to activate it and then EPIST the cage until the ne: > 


very briefly a as sif feine the lever dutina | the iter between: 
longer responses, and thereby they emitted twice as many lever g 
presses as the lean mice (Table 1). 

In another 2 h session we determined the latency to normo- 
thermia in obese and lean mice. Rectal temperatures were 
measured 5, 15, 30, 60, 90 and 120 min after the start of a test. 
period. Both lean and obese mice had substantially elevated = 
body temperatures within 5 min of the beginning of the session 
(Fig. 1). Peak temperatures were seen 10 min later and the 
values remained near 37 °C for the last hour of the test. When 
the intensity of the heat lamps was varied, all animals responded’ ik 
by increasing heat intake when the wattage was decreased and 
by reducing it when the wattage was increased. “Thus, both 





Table 1 Pre- and post-test body temperatures and heat intake during n5 
tests at ~8 °C 





` Heat intake- "ed 
Body temperature (°C) Responses a “Heat z 
Group n Before After min” ae ea cy ere: 
Lean 8 36.540.17 36,940.15 2940.46 2 24. 8+ 
Obese es be 34, 8+0. 19" 36. 6+0. 15 6. 64" 





Values are the mean 1 Ese m. oe 


60 
Time (min) 
in body temperatures (+s.e.m.) of eight lean (@) and 


: mice during the behavioural heat intake tests at 
oe ~8 °C. 


poñded appropriately and equally to variations 

agnitude. 
also attempted to determine whether the trained mice 
Id work for heat in a neutral ambient temperature. The 
> were placed in the defrosted freezer in standard test 
tions, except that the initial ambient temperature was 
uld be raised if the mice worked for heat. In 
of 1 and 2h, all mice raised the ambient tem- 
orking - for heat. The obese mice raised the 
stature to 26.5°C during the 1h test and to 
g the 2h test. Their average body temperature at 
he sessions was 36.0°C, or 1°C higher than their 
yerature. The lean mice raised ambient temperature 
OPC during. the 1h test and to 30.9°C during the 2 h test. 
erage body temperature increased from 36.9 to 37.4 °C. The 
‘an mice obtained an average of 2.8 s of heat per min during 
| tand 2.25 min`’ during the 2 h test, whereas obese 
tained 1.2 and 0.84 s min” ‘respectively. Thus, the obese 
ed their body temperature more but did not attain the 
dy. temperature as the lean mice, nor did they obtain 
eat, or raise ambient temperature to the same level 
nice. We therefore conclude that the preferred 
aperature of obese mice is 2.5~3.0°C lower than 
ice. This effect may be due to the difficulty of 
heat dissipation in a warm environment because of 
It is also possible that the obese mouse, known for 
vity'’, may be unwilling to expend the effort necessary 
aise ambient temperature above a minimally acceptable 
pay eer experiments are necessary to verify these alterna- 
tives. 
- The- factors responsible for the hypothermia- 
‘hypometabolism of ob/ob mice remain to be defined. Our data 
_indicate that hypothermia is not the result of a diminished 
requirement for heat or of an impaired sensitivity to ambient 
_ temperatures because the obese mouse behaviourally defends 
_the same body temperature in a cold environment as the lean 
The diversion of dietary energy to fat rather than to 
nvolve a defective or inappropriate heat production 
possibly related to abnormal thyroid hormone pro- 
or depressed hepatic’® or brown fat ther- 
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The rigidity of fish and 
patterns of lateral line stimulation 


E. J. Denton & J. A. B. Gray 
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The Laboratory, Citadel Hill, Plymouth PL1 2PB, DE” 


Various functions have been attributed to the late 

of fish (and amphibia), including those of detec 

sound (both near- and far-field) and flow past a swimmir 
fish’. As the lives of fish and the structures of thei 

lines vary greatly, lateral line function almost certair au 
between species and is probably not simple even for one an 

It is, however, generally agreed that lateral line neuromasts ar 
excited by liquid within the canal moving relative to the i 
walls**. For the sprat, such movements are proportional to 
local differences in motion between the fish and the surroun 
seawater’ and a similar situation must exist for other fish. H 
we describe the motions of fish and seawater at various positions 
around vibrating sources. We show that fish are rigid lo ft 
tudinally, and thus local differential movements between fis 
and seawater occur. Predictions based on these results sugg 
that when a fish is close to a source of vibration, for exam 


toa neighbouring fish, the amplitudes, signs and patterns 


stimulation along the lateral line system change in a st 
way with the position of the fish relative to the source. _ 
Freshly killed fish (Sprattus sprattus, Clupea haren 
Ammodytes lanceolatus and Trachurus. trachurus} were su 
ded by fine threads in a seawater tank at various distanc 
bearings from a vibrating source and at various angh i 


400 


Peak to peak displacement (pm) 


Distance from source (cm) 
Fig. 1 The longitudinal rigidity of the sprat. in this case the fish a 


towards. the- source. Ordinate, peak- AG peik displacement 
abscissa, distance from source. Three positions of the fish are 
shown; arrows indicate the snout. ‘Triangles indicate observe $ 

| displacement. “i Observed x water dii ent; the ) 


























~ ceramic transducer. 

|. © In any given situation, the longitudinal components of dis- 

placement of the fish (for all the species) were constant at all 
~ points, which demonstrates that these fish behave as rigid bodies 
: longitudinally. For the small displacements used, the fish could 





bend freely in directions perpendicular to the vertebral column 


sò- that the amplitude of motion across the fish could differ 

i greatly at different points along its length. 

_. Figure 1 shows, for example, water and fish movements for 

-a sprat with its long axis in the axis of vibration of the bellows 
source, at various distances from the source. The movement of 
the fish could generally be predicted reasonably well by assum- 


ing it to be a rigid cylinder driven by the pressure difference 
between its ends. While always behaving as a rigid body longi- 
udinally, this simple method of calculation proved inadequate 
en the distance from the vibrator was small compared with 


he length of the fish. 


Further studies were done using a vibrating sphere, a source | 
sore representative of a beating tail. Measurements of the- 
amplitudes and directions of displacements and of pressures 
yund the vibrating sphere in a seawater tank agreed well with | 
he. predictions of the near field terms of the equations given 
Harris”. The pressures associated with such vibratory sources | 
r We also- 
asūred movements of fish suspended at various positions 
espect to the source. The pressures at the head and base 
the tail were calculated and the expected motion of the fish 
ved from the pressure difference and the fish’s length and. 
nsity. Table 1 compares calculated and experimental values _ 
4 he longitudinal displacements of a fish for several positions 
respect to the source. As the agreement was good, it- 
med reasonable to calculate displacements of the fish for 
r positions and also the local differences in movement 
reen the fish and the seawater (the effective stimuli to the 
eral line). Figure 2 shows such differences and how they _ 
ge along the length of the fish for a source whose frequency _ 

d amplitude of motion and size are similar to those of the - 
of a swimming sprat. Typically, there were one or two | 
asitions along the length of the fish at which there was no- 
uch difference. For these positions there would be no local. 





re much larger than we had wrongly thought”. 


- a 





timulation of the lateral line. The polarity of the lateral line 
‘stimuli differ for different parts of a fish. This is probably of 


mportance because some sensory cells in each neuromast are ; 
excited by displacements of the cupula towards the fish’s head 
and others by displacements towards the tail. Figure 2 also 


gives values of pressure, longitudinal acceleration and trans- 


verse acceleration calculated for the position of the ear; in 
clupeids. the ear contains the pressure’ and acceleration 


detectors. 





Table 1 Movement of fish in the field of a vibrating sphere (16 Hz) 





A(deg) y (deg) 
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sh no, o (m) exp (wm) Ecate (wm) 


Edeek lo meak a bees calcul: 


Da along i its Tongitudinal axis: e 


ip! isnt ng bellows ‘ind. a ‘vibrating sphere: were ‘driven D 
nusoidally between 12 and 40 Hz. The resulting displacements — 
of fish and water were observed with a dissecting microscope 
by measuring the lengths of bright lines made by the movements 
“of small light-scattering particles in the skin of the fish and in- 
< the water. The corresponding pressureg were measured with a 
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Velocity in canal (pm s) 





o 2 ¢ 6 B 60 2 4= 
Pierce from snout ony = 


‘receiving’ rate a 10 aise fil: about’ one fish ength from $ 
The scale in cm is shown along the 0°-180° axis. The fish are u 
indicated by solid black lines (R, and R3) with arrowheads at the = 
snout. Dotted lines are isobars; broken lines with arrowheads 
ies in the. 
















show the directions and amplitudes of particle: velociti S 
medium. b, c, The abscissae show the distance: fror 
along the length of the fish. Ordinates, velocities 
the lateral line canal (relative to the walls of. th 
tabulated values are all peak-to-peak; P, pressur (Pa 
tudinal acceleration of fish (mm s”); AT, transverse a 
The signs indicate the polarities during one half-cy 
line shows the effects for the full extent of the spr 
Solid plus broken line indicates the relative effects fo 
line extending to the tail. b, Effect of R passing S alo 
of R, ina (mimicking a fish changing station in a shoal) 
2 cm behind position labelled R,; (2) fish in position Ri; (3) fish 
2cm ahead of position R; c, Effect of R changing. its angle b ; 

| 45°; (2) fish in position Rj; (4) fish i in poamon Ro. me 








For the sprat we know the relationships between direction, ” 
frequency and amplitude of seawater movements outside the. 
fish and movements within the lateral line canals’. Making an. 
informed guess at the sensory thresholds from the results of | - 
various experiments (refs-7, 9 and some unpublished results), 
we estimate that the sprat lateral line system excited in this __ 
way could detect a neighbouring fish in a shoal at distances: of 2 
up to a few fish lengths. a 

These experiments relate to situations that are simpler than a 
the natural ones. They do show; however, for both a vibrating 
and a pulsating source, that the stimulation of lateral line sense 
organs (by a neighbouring source) falls more. rapidly with dis- 
tance and changes more dramatically with position than might 
be expected. The stimulations of the lateral line, otolith'® and — 
a ae sense perenne all ree in dferrit ways on E 




















und noises in the sea**!?, 
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ts with hippocampal lesions 
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rophysiological studies have shown that single cells in the 
pus respond during spatial learning and explor- 
me firing only when animals enter specific and 
ed areas of a familiar environment. Deficits in spatial 
ind memory are found after lesions of the hippocampus 
trinsic fibre connections** following damage to the 
ptal nucleus which successfully disrupts the hippocam- 
ythm’, and in senescent rats which also show a 
reduction in synaptic enhancement on the perforant 
to the hippocampus’. We now report, using a novel 
ural procedure requiring search for a hidden goal, that, 
ion to a spatial discrimination impairment, total hip- 
pal lesions also cause a profound and lasting place- 
tional impairment that can be dissociated from correlated 
r, motivational and reinforcement aspects of the pro- 


















cedure, 


If rats are placed in a large circular pool of opaque water, 
_ they will quickly learn to escape by finding and climbing on to 
_ asmall platform hidden beneath the water surface, provided it 
_ remains in a fixed location over a series of trials’. They cannot 
learn to find it when its position varies randomly from trial to 
rial. Although they can never see, hear or smell the platform, 
its require only a few trials in order to learn to swim directly 

ards it, using the shortest route, even from a novel starting 
jat is, the rats learn not only to recognize the vicinity 
2 place when they reach it, but also to swim towards 
tance despite the absence of cues from the platform 
deleterious effects of cue-response separation 
al discrimination’*'' do not, in this case, prevent 

























fixed but visible platform was t 
eof the hippocampus in sir 








horizontal broken line, taken from ref. 9). Second, analysi 
the paths taken by all rats on trial 28, transcribed from videot 






Wiese 








ppocampal lesi 
The rats were placed, under pentobarbitone anaesth 
a special adjustable head-holder’’. Animals in the hippocamy 
lesion group had holes drilled in their skulls, and a small amou 
of neocortex overlying the hippocampus, and the entire dorsa 
and ventral hippocampus were removed by aspiration. Oper- 
ated control animals had comparable lesions in the neocortex 
but showed no hippocampal damage. Sham-operated control 
animals had burr holes drilled in their skulls but suffered nc 
brain damage. On completion of the behavioural procedure 
conventional histological techniques (40m, gelatin 
embedded sections stained with cresyl violet and solochrome 
cyanide) were used to verify the lesions. All rats of the hip- 
pocampal-lesion group were found to have total or near tota 
destruction of the dorsal and ventral hippocampus, with 
minimal damage to adjacent structures (comparable lesions are 
reported in ref. 13). Analysis of the behavioural data showed 
no differences between the sham-operated and unoperated 
control groups, which were therefore combined, giving final 
group sizes of 10 (hippocampal), 13 (cortical) and 8 (control), 
On day 1, the rats were placed in a pool of water (1.32 m 
diameter, 53 | at 26 +1 °C) and allowed to swim freely for 
with no opportunity for escape. On day 2, a platform was hidi 
in one of four locations in the middle of each cardinal qu 
(SW, NW, NE and SE), 0.33 m from the side walls. Diff 
locations were used for different rats. The platform, made 
clear perspex, was hidden by adding 2.31 of milk to the v 
and arranging for its top surface, 8 cm in diameter, to be 
below the water level. A second platform, 2 cm taller 
protruding visibly out of the water, was used at a later st 
of training; its top surface was indented such that it conta 
within its circumference a 1 cm layer of water. Thus, the re 
forcement afforded by escape on to the two platforms 
equated. The rat’s task throughout the training proced 
which continued for 8 days, was to find and escape on to’ 
platforms. Only one platform was used at a given stag 
training, and it was always in a fixed position in the poo 
given day. Thus the two tasks, which we shall call place-naviga 
tion and cue-navigation, respectively, involved the sam 
movements (swimming), motivation and reinforcement ( 
from water), but differed specifically and uniquely with r 
to whether or not the rat was required to learn the plat 


























































position in relation to the varied distal room cues. _ 

All rats swam effectively using the characteristic ad 
ming posture'*. The times taken to escape from the water di 
the three successive phases of the experiment are shown in F 
1. The normal and cortical-lesion groups learned to escape 
rapidly from the water with stable terminal acquisition latencies. 
of <8s. The hippocampal-lesion group showed a highly 
significant impairment in the place-navigation task ( trials 1-28) 
when the hidden platform was used. However, this impairment. 
declined dramatically and disappeared when the visible plat- 
form was used (trials 30-41), this platform having been placed 
diagonally opposite to the earlier training location (that is, NW. 
for a rat trained previously to find the hidden platform at SE). 
The place-navigation impairment reappeared when training was 
continued with the hidden platform (trials 43-50).even though 
it remained in the same position that the visible platform had. 
occupied in the preceding phase of training. ae 

Detailed analysis of the behavioural performance of each 
group and the results of two transfer tests provide new insights 
into the nature and magnitude of the deficit after hippocampal 
lesions. First, the hippocampal-lesion animals did improve dur- 
ing training but never escaped faster than normal animals” 
searching for a hidden platform that was moved around ra 
domly from place to place on successive trials (see. Fig. 
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‘each daily “set 1 trials iS 
shown on the abscissa. The 
‘two transfer tests are indi- 








80° 


“nm, $ 
cated by solid triangles. To & i % o? 
avoid problems of ty - os {| 
-. “heterogeneity of variance, E 60 o | \ 
< the successive phases of the x a \ 
t 


... @xperiment were analysed 

separately, The horizontal 
broken line (trials 1-28 and 40 
“ 43-50) at 345s corres- 
ponds to the best perform- 
“ance shown by a group of 
conormal rats trained to 
-< search in 20 trials for a hid- 
< den platform that was 
moved randomly from one 
‘place to another over suc- 
-cessive trials (data taken 
from ref. 9). Place naviga- 
“tion (trials 1-28): unweigh- 
‘ted means (unequal n) 
‘analysis of variance 
‘revealed significant effects 
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two separate transfer tests conducted on trials 29 and 42, 






















"annul were Epe on the video screen indicating the 
xact surface area and former positions of the platforms in each 
‘of the. four cardinal quadrants. The total number of annuli 
which an individual rat passed through during the 60-s test was 
, 6.8 and 8.6 for the hippocampal-lesion, cortical-lesion and 
control groups, respectively (F <1). The groups were distin- 
guished by which annuli they passed through: an individual 
hippocampal-lesion rat was no more likely to pass through the 
nnulus. marking the platform position used during training 
han one in any other quadrant (Fig. 3a). We observed no 
tendency on the part of the hippocampal-lesion rats to remain 

e vicinity of the ene annulus once ar had rennin y 






Jur interpretation of thesë findings is ‘that, whatever their 
er effects’*-'°, hippocampal lesions do cause a profound and 
place-navigational impairment. It could be argued, 
ver, , that while matched for motor yeduirements, motiva- 
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-of group (F = 23.7, df. = 2/28; P< 0.0001), trials (F = 17.8, d.f. = 23/667; P<0, 1.0001) and lesion x trials (F = 1.5, d.f. = 54/756; P< 0.02). Sutisequent oithogonat 
comparisons showed that the deficit was restricted to the hippocampal-lesion rats (hippocampal versus cortical + control, P<0.0001; cortical versus control, 
-P> 0.10). Cue navigation (trials 30-41): terminal escape latencies (trial 41) were 5.0, 3.3 and 2.8 s for the hippocampal-lesion, cortical-lesion and: 
respectively, corresponding to declines relative to trial 28 of 45.9, 7.9 and 3.7). Analysis of variance of all 12 trials revealed a. small res 
the hippocampal-lesion groups {F = 5.4, d.f.= 2/28; P<0.02). Return to place navigation (trials 43~50): analysis of variance showed a hig 
of groups {F = 12. 2, d.f. = 2/28: P <0.0002) and a lesion x trials interaction (F = 3.6, df. = 14/196; P<0.0001). The apparent gradual impairr 
dn the -hippocampal-lesion group was caused by a slowing of swimming speed over trials as the core temperature of the rats fell slightly (fr i 


). The directional heading of the hippocampal- -lesion rats 
‘they set off from their starting position on trial 28 was 


a is possible) buta are - substantially poorer at learning where : 
spe arsine is located and, anie normal and aeon l 
"he ame of this place-navigational deficit was assessed 


ediately after the four daily trials of days 6 and 8. For ; 
nster = the A, the hidden soutien was first removed from the £ 
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control groups | 
impairment in. 





complex (albeit a task learned by normal animal ess than 
10 trials), and perform. better on the visible. platform ‘task: 
because it is easier, rather than because the’ spatial component 
is then redundant. If this is the basis of the dissociation of 
effects in the two tasks, then at least some spatial bias shoul 
be shown by some of the hippocampal- -lesion animals i 
transfer test conducted after training on the ostensi 
visible platform task. Transfer test B, conducted 
after trial 41 on day 8, examined this possibil : 
itself, there was no significant difference in the lal 
length or directionality of escape behaviour across roups 
all animals escaping rapidly by means of short, direct aths to 
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Fig.2 The actual path of the median rat (defined in terms of path length) = oo. 
in each group on trial 28 just before the first transfer test. The rats'were 
observed using a video camera placed above the pool. One experimenter -= > 
(P.G.) sat concealed in one corner of the room and monitored the rats o 0> 
movement on a VIR recorder. The second experimenter (R.M.) removed 

each rat from its home cage inan adjacent room and placed itin the pool. 

The pool was open to the room which included a door, a window, and ` 
brightly and darkly lit walls. The paths taken by the rats in escaping were 
transcribed from the videotape and measured, Path lengths: the hippocam- 
pal-lesion rats took 4.66+0.86 m to reach the platform, whereas the cor- 
tical-lesion and control rats took 2.35 + 0.98 and 1.204 0.34 m, respectively. 
PATA of variance e showed that these Bath lengths. differed significantly. ee 


. from i its s starting position, nan a line intersecting this pe 
1 T ; E: from the correct di 


_ Annulus entries _ 


Fig. 3 Mean crossings of each of the annuli (+1 s.e,) marking the former 
latform positions during a, transfer test A (after place-navigation training) 
id: > transfer test | B (after cue-navigation training). The data have been 
201 al into crossings of the training location (Train), 
; in the » adjacent quadrant to the left (Adj-1; viewed from 
rt ight (Adj-r), and opposite quadrant (Opp). Note that 
ion rats were no more likely to pass through the annulus 
ig position than any other, in both transfer tests. Analyses 
owed a highly significant groups x position effect in both 
est A iF=10.1, df.=6/84. P<0. 0001) and transfer test B 
a (F = 95, d.f. = 6/84; P< 0.0001). 


ble platform. However, in the transfer test conducted 

ter, only the control and cortical lesion groups searched 

| the vicinity of the now absent but previously visible platform 

ig. 3b). All 10 animals in the hippocampal-lesion group 

>d no spatial bias. Thus even if the improvement by the 

ipal-lesion group in the visible platform phase of train- 

g was due to the simplicity of the task, this improvement was 
npanied by any spatial learning. 

cedures used here provide a new approach to analys- 

ain mechanisms of spatial localization. The results 

at hippocampal lesions cause a profound and lasting 

nent i in place- “navigation and question that aspect of the 

ing-memory hypothesis'’ which asserts that spatial refer- 

memory is unaffected by septo-hippocampal damage. 

Reference memory has been defined as those aspects of a 

learning procedure in which learned information may be used 

m every trial of training rather than for just a single trial. The 

present procedure using a fixed platform position for 28 trials, 

followed by different fixed position for 20 further trials, is 

certainly a reference-memory procedure. In the absence of 

separate measures of working memory in this experiment, we 

cannot comment further on the adequacy of that hypothesis. 

However, we suspect that claims about the integrity of spatial 

reference memory after more restricted fimbria-fornix lesions 

ensive preoperative training’? may provide a misleading 
of normal hippocampal function, 

resent results show that normal rats can navigate in an 

te direction towards a hidden object; they do not 

place when they reach it. Whether this type 

olves or is different from conventional associative 

arves- further scrutiny. But given that place units 

n the hippocampus’ ‘respond only with respect 

| rat is presently situated as. opposed t to 

these results pose ac 


: Bis! pung to ex 
mec ! isms by which the hippocampus proces $8: 


mation. S 
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Evidence for dendritic 
competition in the developing retina 
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At present little is known of the rules regulating den rit 
morphology. Several studies have demonstrated that th 
of the dendritic tree depends on its afferent supply” 
ganglion cells of the retina provide a particularly usefi 
type for the study of neurone development as they de 
independently of afferents from other brain regions. 
ganglion cells alone are destroyed in a small patch 
developing retina, it is possible to examine how the abse 
neighbouring neurones of the same type influences the de lo 
ment of the ganglion cells around the depleted area. T} i 
development of the normal laminar pattern of the retina is no 
disturbed by the loss of these cells’. We show here that th 
dendrites of ganglion cells around the depleted area are prefer- 
entially directed towards this region. The orientation of gang- 
lion cell dendrites is strongly influenced by neighbouring cells 
and we suggest that during normal development, dendrites 
compete for their afferents. noe 

Experiments were performed on 11 hooded Lister rats. On 
the day of birth, the rats were anaesthetized by hypothermia | 
and a small lesion was made in the temporal retina of one eye a 
using a fine 28-gauge needle passed through the sclera approxi- 
mately half-way between the optic disk and the limbus. After _ 
2-3 months, the animal were anaesthetized with ano 
intraperitoneal injection of 3.0 mi per kg of chlor-nembutal - 
(2.1 g of chloral hydrate + 0.5 g of sodium pentobarbital in 50ml ` 
of 0.9% saline). A series of six injections of 0.15-0.25 pl of 
horseradish peroxidase (HRP; Boehringer) (50% w/v in 2% 
dimethyl sulphoxide) were made stereotaxically into the optic: 
tract, using a l-u} Hamilton syringe. The animals were killes 
painlessly after 24h, perfused with 0.9% saline and the eye: 
removed. The retinae were prepared as whole mounts‘, anc 
reacted in a modified Hanker-Yates solution’. After washin 
in 0. 1M „phosphate buffer OH 7. gee for several hours, ‘a 

sf l | 










































































Fig. 1 a, Drawing of the cell bodies and proximal dendrites of 
ganglion cells filled with HRP. The HRP reaction product did not 
fill the entire dendritic tree. The cells are located ~3 mm nasal 
to the optic disk in a retina with a lesion located temporal to the 
optic nerve head. They were drawn to give an approximately 
evenly spaced distribution; other labelled neurones are not shown. 
b, Drawing of the cells along the edge of a region devoid of 
ganglion cells (D). The site of entry of the needle is marked by 
- the line at the top of the figure indicates the periphery of the 
etina. The cell bodies of some faintly filled cells are drawn in 
outline to indicate the border of the region devoid of ganglion 
cells. The dendrites and cell bodies of well-filled cells are drawn 
ompletely. Reproduced from an original drawing made at x400. 
Scale bar, 250 um. 


ufer (pH 5.1), containing p-phenylenediamine (25 mg), 


line, prepared as whole mounts and stained with cresyl violet. 
n addition, retinae from animals in which one optic nerve had 
been sectioned at birth, were stained with a Nissl stain either 
as whole mounts or in vertical sections’. 

-In the retinae of the normal rats, many ganglion cells were 
filled sufficiently with HRP to reveal their proximal dendrites. 
It proved difficult to follow the dendrites for a long distance 
before they became lost in the dense network of the inner 
plexiform layer, except for a few cells where a large part of the 
_ dendritic tree was intensely stained and resembled a Golgi- 
-stained neurone. As has been previously reported for the rat 
and ‘other animal species’*, most ganglion cells have circular 
or elliptical dendritic fields but some have dendrites pre- 
dominantly on one side of the cell body. Within any given patch 
of retina, however, such cells showed no consistent asymmetry 
(see Fig. 1). The only exceptions are the outermost rim of the 
retina, along which ganglion cell dendrites tend to be oriented 
towards the ora serrata, and the region of the major blood 
essels where the cell bodies have been displaced laterally away 
from their underlying afferents. 

~ In the experimental retinae, the lesion. site was readily 
identified because the ganglion cell layer peripheral to it was 
almost riety en in m ganglion cells. 1 

































acodylate buffer (pH 5.1) containing (mg) ammonium nickel 
phate (200), cobalt chloride (300), p- phenylenediamine (25) . 
and catechol (50). They were incubated in this solution for - 
15 min, then washed in phosphate buffer for 3-5 min and trans- 
rred to a fresh solution of 50 ml of 0.1 M sodium cacodylate | 


catechol (50 mg) and 1 drop of 30% hydrogen peroxide. After _ 
ubation for 15 min, the retinae were again washed in phos- - 
ate buffer and mounted on a gelatinized slide. The retinae - 
m several normal animals (that is, having no lesions) injected — 
th HRP were treated in the same way as those from the . 
xperimental animals and served as controls. The retinae from | 
three of the experimental animals were fixed in 10% formol- _ 


he needle c cut the axons : L 





site there was some pacer of the retin: ice but in the ; on 
peripheral region lacking ganglion cells, the laminar organiz- A 
ation was normal for except for some shrinkage of the inner ~ 
plexiform layer. The thickness of the retinal layers was. - 
measured in animals in which one optic nerve had been sec-» 
tioned at birth, and which were kept alive for up to 11 months. 
The inner plexiform layer had shrunk by as much as 50% 
whereas the other layers showed only 3% shrinkage compared | 
with normal. The area of the retinae with the optic nerve. 
sectioned was similar to the normal retinae and the loss of the 
ganglion cells did not disrupt the formation of the normal lamina 
pattern™®. We therefore conclude that despite the loss of gang- 
lion cells, the bipolar and amacrine cells which constitute the 
afferent supply of the depleted area, remained largely intact. 

In the HRP-stained retinae, it was apparent that the dendrites 
of the ganglion cells adjoining the lesion site had their dendrites 4 
directed almost exclusively towards the region. lacking ganglion — 
cells. This was true irrespective of cell soma size, and included. 
the occasional displaced ganglion cell in the inner nuclear layer 
(Figs 1b, 2). This effect on the orientation of the dendrites can 
be seen all around the depleted area, irrespective of the shape 
of this area (Fig. 3) and is therefore probably not a consequence 
of any simple mechanical distortion. Ganglion cells located at. - 
least 400 pm from the edge of the depleted area were found . 
to have distorted dendrites. ud 

The results show that the orientation of develoi ping ga 
cell dendrites is strongly influenced by neighbou ing cells 
dendritic fields of developing ganglion cells are predominantly = 
radial’, but in these experiments we observed cells having ~ 
almost all their dendrites on one side of the cell body. We do 
not yet know the sequence of events which results in this _ 
dramatic reorganization of the dendritic geometry; the den- — 
drites may be attracted to the depleted region and/or ref led 
by their neighbours on the other.side. We suggest that 
normal geye opment ganglion cell dendrites one. wit 






































There is considerable evidence that the axon. ter nal 
ganglion cells and other neurones compete for their p st 
tic territory during development" 1 In the rodent re any 
ganglion cells degenerate in the first few days postnatal'*"*. 
The degeneration of ipsilaterally projecting cells can be partially 
prevented by removing one eye at birth, thus- qeducing the- 
competition between the developing optic axon terminals'?"*. 
We have recently shown’ that after transection of one optic. | 
tract at birth, the number of cells which project ipsilaterally to 
the brain from the eye contralateral to the tract section is 














Fig.2 
their dendrites directed t towa: ras: 
Scale bar, 2 2504 um’ 






ig.. 4 Drawing of a small rectangular region of retina lacking 
anglion cells, showing surrounding HRP-filled neurones. Con- 
ntions as for Fig, 14. Stippling represents an area of post-mortem 
ge. The small arrows indicate displaced ganglion cells. The 
w indicates the large cell illustrated in the centre of 

. Fig. 2. Scale bar, 250 um. 


This is accompanied by an increase in the area 
yy the ipsilateral terminal field. This increase in the 
re sral projection occurs despite the fact that the crossed 
a projection from the other eye remains intact and that the 
expanded projection is found away from regions receiving com- 
sural fibres. Thus the effect is not simply due to a change in 
ompetition at the axon terminals. We suggested that this 
bnormal population of ganglion cells survived in the retina as 
of reduced dendritic competition since the optic tract 
induced retrograde degeneration of almost all the 
y projecting ganglion cells. The results presented 
evidence for such an interaction between adjacent 

glion cell dendrites. 
shown that different retinal cell types are dis- 
egular mosaics across the retina’® and that the 
trees of af articular cell class are arranged so that 
rtof the e ina is covered by the dendrites of that cell 


result of local interactions’*"*, If the a = F 
icin tina is largely 


nthe. developing tet 
à ae n i 


i to make the aporopmate postsynaptic c cont 
he shape of the dendritic field of a given: 
n the orientation of the dendrites changing i in a 
ble afferent supply. It remains to be seen wh 
ects of dendritic geometry, such as the length of 
nd. frequency of branching, can also be influen 
de sity of neighbouring cells and whether these interac 
tions are dimited within each given class of ganglion cell or leve ; 
of branching in the inner plexiform layer. : 
We thank Professor A. Cowey and Dr K. A. C. Martin í : 
their comments on the manuscript. This work was supported 
by the MRC. R.L. is supported by a fellowship from Conselho 
Nacional de Desenvolvimento Cientifico e Tecnologico (CNP 
Brazil Proc. 200.512-79 BO). 
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The EEE urinary- bladder i is a distensible org 
undergoes a series of slow. fillings and rapid emptyings 

tion), during a 24 h period. Recent evidence suggest 

bladder epithelium undergoes a three-phase, structural changi 
during the expansion stage of this cycle’. First, matr 
multicellular folds are smoothed then microscopic folds ar 
stretched out, resulting in a flattening of the urine-facin 
(apical) membrane. The last and most speculative phase is: 
incorporation or fusion of cytoplasmic vesicles with the apica 
membrane, resulting in an alteration of the cell shape from 
cuboidal to squamous. Such fusion of cytoplasmic vesicles is 
interesting not only from the point of view of the bladder as a 
storage reservoir for the discharge of the kidneys, but also from 
the perspective of hormonal | regulation of the ion reabsorpti 
processes in this epithelium’. Recently, the determination of 
the electrical properties of the ‘apical membrane of mammalia: 
urinary bladder has revealed that aldosterone {a Na 
conserving hormone) increases both Na* conductance al 
selectivity*. The origin of such highly Na” selective chann 
unknown. Here we report that mammalian urinary blad 
epithelium accommodates stretching by incorporating 

apical membrane vesicles from a cytoplasmic pool, wh 


he withdrawn t to effect. tecovery from stretch. The vesic 
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Fig. 1 Increase in normalized capacitance (AC,) as a function of time 
-after both mucosal and serosal solutions were replaced with a solution of 
half osmolarity, Capacitance was determined by passing a square current 
pulse across the epithelium, digitizing the voltage response and then fitting 
"the voltage response by the sum of two exponentials. The best fit capacitance 
_- values (C, and C,) are related to the actual apical (C,) and basolateral 
(Cy) capacitances by 
we CC; CO 
Cy = ee oe eter me en ee a 

C+C Cyt Cy 


oh Ca: Caris 1:5 (ref. 5}, then Cy is an underestimate of C,. If a change 
ie Ce is. produced. by an increase in only C,, then Cr can change by a 
maximum of only 20%. (that is, Cui becomes infinite). The values shown 
‘in the figure indicate ‘that the increase in Cr was almost completely ac- 
counted for by an increase in C,, not C, Capacitance was normalized by 
‘subtracting the measured capacitance from the zero time capacitance and 
ding this difference by the zero time capacitance. Vertical bars represent 
sem a, Time course of change. i in Cy after changing the bathing 
‘solutions (at r= 0) to half osmolarity (Hypo) and back to isosmotic solutions 
80). “Actua! capacitance was 1.14+0.07 uFem™? (2 =8) at t=0 and 
9740.13 pF cm”? at t=92 min. b, Pretreatment. of bladder with col- 

1 icine (Col) for 3h caused, in normal solutions, a 17+4% increase in Cy. 
posure: to half-osmolarity solutions (Hypo) resulted in a rapid. increase. 
capacitance. A return to control solution caused a rapid decrease in Cy - 
to control values a shown). Actual capacitance was 1,3 +0, 43 HE cm”? 
-s.d., n =) at t =0 (before colchicine treatment). c, Bladders were pre- 
treated wit cytochalasin B (35 uM; CB) for 90min and then: exposed to 

© a solutions ea Note. that there was no change i in Cpe 

















shape) by incorporating cytoplasmic membrane into the api 


n fakes solution had iae following aS mM}: KEER 3° a 
NaCl, 25 NaHCO,, 5.8 KCI, 2 CaCl, 1.2 MgSO,,: 





LQ K3HPO, | 
and 11.1 glucose, gassed with 95% 02-5% CO, buffered ato 
pH 7.4 at 37°C. 7 
To investigate the phenomenon of ititradethular vesicle ! trans- z 
location and apical membrane fusion, we performed three. Sets 
of experiments. In the first experiments, we stretched the ep- ăć 
thelium and monitored the capacitance as a function of the _ 
stretch. Two approaches can be used to determine vesicle © 
fusion: the first is to correlate tissue dry weight per cm? of 
chamber opening with the membrane area per cm? of chamber 
opening (that is, the capacitance). As the epithelium is stretched, © -- 
both. membrane area per cm’ (capacitance, Cy) and dry weight. 
per cm? will decrease linearly. In the absence of membrane $ 
insertion, both Cy (uFcm™*) and dry weight (mgem °y will — 
reach minimum values. If at this point cytoplasmic stores of =- 


: membrane (having a capacitance of 1uF cm~’) are inserted into > 
| the apical membrane, then Cr will remain constant while dry 
weight will continue to decrease. Preliminary experiments by 


Lewis and Diamond’ demonstrated a biphasic aaa of 


| a to ued aie At low levels of pee bo 





urinary bladder epithelial cells ae hät di a goblet ‘shape 
(having a flat apical membrane) to an oblate spheroid (disk ` 
cal 
















surface. The kaaa of this added me eee estin 





solue aR one can aai the weigh o Eo 
at constant ace area. Br | 


vesicle fusion uses oe pressure, - After 1 mou 
preparation in a chamber modified so that it ha 
backing, the epithelium i is bowed towards: the se 
by applying an excess of solution to the mucos 
a constant weight (that is, constant mass. of exposed ssu 
smooth apical surface area, this. epithelium. can only. increase ™ 
its capacitance by increasing its surface area. In three separate cm 
preparations, excess solution was added to the mucosal cham- 
ber. The capacitance (that is, apical membrane area) increased 
by 18+3% (+s.e.m., n = 6). After eliminating this hydrostatic 
pressure gradient, the capacitance returned to within 642% 
(+s.e.m., n =6) of the starting value. This initial experiment —__ 
indicated that mammalian urinary bladder accommodates 
stretch by incorporating vesicles from a cytoplasmic pool into o 
the apical membrane and that recovery from stretch results in 
a removal of membrane back into the cytoplasm. Both the- 
increase and decrease in capacitance occurred: within at least 
5 min after applying or removing the gradient. ' i 

In the second set of experiments, the epithelial cells were 
induced to swell by replacing the normal mammalian Ringer's 
solution with one of half osmotic: strength. Changes in mem- 
brane area were again measured ‘using capacitance a as a criterion ae 
for area increase” ; *, where an P rapac ; tes 
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Time (min) 


Punch 


aip punching’ o on n Vr, R: r and Lo A single Lat consisted 


= isosmotic. solutions, and k is is. the proportion: ty co 


four experiments, k had a value of 0,087 + 0.015 (+s 
that is, capacitance had decreased to within 37% o: 
after 11 min. a 
The cytoplasmic vesicles, apical membrane and tight. 
tions and desmosomes are all interconnected by- 
microfilament network®. The exact role of this netwo 
unknown but has been suggested to aid in mechanical st 
zation of the apical membrane during distension, and 
involved in vesicle translocation’*. Disruption of this netw 
should inhibit vesicle translocation during swelling prom 
by hypo-osmotic solutions; we tested this by investigating thi 
effects of colchicine’ (a microtubule blocking agent) ` 
cytochalasin B® (CB, a microfilament disrupting agent), Pr 
incubation for 180 min with colchicine (0,1 mM) resulted in 
increase (17 +4% ) in capacitance, and a much more rapid ons 
of the capacitance change after exposure to hypo-osmotic 
tions (Fig. 14). The decrease after returning to the-n 
Sa S onewe the same time course as untreate 


(Fig. 1c). This therefore indicat hati increas 
brane area are dependent on intact mi crofilaments. | 

To determine whether the decrease in. 
returning the epithelium to isosmotic Ringer 
filament-dependent, the epithelium was first incub 
60 min in hypo-osmotic Ringer’s and then for a furth 
in the presence of CB. The epithelium was then re 
the isosmotic Ringer’ s (in the absence of CB), As in the CO 
studies, the capacitance decreased as a single expor 
However, the proportionality. constant decreased to 0.0¢ 
0.002 min™' compared with 0.087 + 0.015 min” ', thus the 
to reach 37% of control was increased from 11 to 2 
These data indicate that the microfilaments are necessar 
only for exocytosis of vesicles but also for endocytosis. M 
tubule-blocking agents seem to cause a partial disrupti 
the cell volume regulating system as capacitance change 
noted in the absence of hypo-osmotic solutions 


exposure to a hypo-osmotic solution, capacitance. in 


more rapidly than for controls. _ | 
What is the role of the vesicles i in electrolyte transpor | 
and Wills* reported that the Na*-K* selective peri 
(Praf Px) of the: amiloride. pathways i is 2.3:1 in controlan 
and increases to 9:1 in animals maintained on lo 
(that is, there is an increase in endogenous aldoste 
In the following experiment we determined the sele 
the newly inserted membrane in diet and control animal 
used a method involving mechanical perturbation of tl 
thelium, which maximized. the insertion of vesicles into 
apical membrane. Briefly, this method (termed ‘punc hi 
involved removing the solution from both mucosal and serosa 
chambers. Next, we rapidly filled and emptied the mucosa 
chamber of solution—this compresses the epithelium. against a 
nylon mesh. Finally, we filled both chambers with normal bath : 
ing solution. : 
Figure 2 illustrates the effect of punching on transepithett 
potential ( Vy, referenced to the serosal solution), transepithelia 
resistance (Ry, normalized to capacitance) and short-cire 
current (J, calculated as Vr/ Rr). Vr and e were greate 
R less than the respective values before punching. A sign 
finding was that punching caused no change in apical c 
ance but significantly enhanced (from 0 4+0,1 to4.7£0. 
per pF; +s.e.m., n = 10) amiloride-sensitive Na* transpor 
Na*-K* selective permeability (Px./ Px), calculated u 
method of Lewis and Willis’, was greatly increase 
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‘does siete cause an increase in Na* iranipon but not 
3 capacitance? We hypothesize that rapid filling and emptying of 
-the mucosal chamber drives the apical membrane and cytoplas- 
“mic vesicles towards each other. On contact, the apical mem- 
brane may capture some vesicles as they ‘kiss’ onto the apical 
_. membrane. After the pressure pulse, the apical membrane 
rebounds, and because the vesicles are tethered by microfila- 
ments, this results in a removal of some vesicles from the apical 
< membrane. Evidence which partly supports such a mechanism 
is that pretreatment of the epithelium with CB followed by 
punching, does not elicit an increase in Na” transport. 

_.» Because these vesicles contain amiloride-sensitive Na” trans- 
a port systems, we have devised a method for estimating the area 
: of the apical membrane relative to that of the cytoplasmic pool. 
_ This method is based on the assumption that all the apical 
-membrane and cytoplasmic vesicles are readily exchangeable. 
_ First, we ‘punched’ the epithelium to a constant (elevated) Na* 
_transport rate, then we eliminated irreversibly all apical Na* 
pathways using the sulphydryl-reactive agent p-chloromer- 
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any epithelia, the rate of NaC] reabsorption is determined 
the activity of a Na” transport system in the outer (apical) 
mbrane. In frog skin and toad bladder, this system is thought 
involve: transmembrane pores through which Na* ions move 
-an electrochemical activity gradient’. It has been shown, 
wever, that increased intracellular Na” concentration leads 
eduction in unidirectional Na* influx”’, raising the possibil- 
ity that ions do not move through the channel independently. 
The Ussing flux ratio equation i is one test for independence of 
passive ion movements’. In particular, single-filing of ions 
through long pores can account for effects such as reduction of 
unidirectional fluxes by ions on the opposite (trans) side of the 
membrane; this type of transport mechanism is characterized 
by flux ratio exponents >l (refs 9-11). I have evaluated the 
flux ratio exponent (#') for the apical Na* channel in the toad 
bladder as the ratio of tracer permeability to electrical conduct- 
ance at electrochemical equilibrium’, that is, n'= 
RT[F?(GualIna)s where Jy, and Gx, are, respectively, unidirec- 
_ tional flux and the conductance for Na* ions through the channel 
in the absence of net Na* movement. I report here values of 
_n’ of 1.15£0.10 and 1.0840.07 for activities of 40 mM and 
10 mM Na’, respectively, in the outer solution. This channel is 
therefore occupied by at most. one Na’ ion at these activities. 
- Urinary bladders from toads (Bufo marinus) were mounted 
in Lucite chambers and short-circuited as described pre- 
? iously”. . The serosal surface was bathed in KCl-sucrose 
lium to depolarize the basolateral membranes. In these 
nditions, the resistance and potential difference across the 
yasolateral membranes fall sharply'*, and transepithelial 
mpedance measurements have shown that almost all the trans- 
lular resistance is located at the apical membrane"*. Analysis 
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3 punching. we were eal le to estima 









ratios. The ratio 
of pool/apical area was 3. 3 +} 2, in good: agreement with — 
morphological studies’. oM 
This represents the first report of a physiological role for the 7 
cytoplasmic vesicles in normal functioning of the mammalian 
urinary bladder. These vesicles serve a dual role, first by allow- 
ing an increase in the storage volume of the urinary bladder. ~ 
without a concomitant alteration in the cellular volume. Thus, 
although the cells undergo dramatic geometric changes, there 
is a minimal alteration in intracellular ionic activities. Insertion 
and removal of the vesicles depends on an intact microfilament 
network. | 
Second and most fascinating, the vesicles contain Na* trans- 
port pathways whose density is increased by aldosterone. This 
phenomenon raises the possibility of membrane transport regu» 
lation by insertion and removal of vesicles containing the trans- 4 
port protein. * 
We thank Dr N. K. Wills for critical review of this manuscript 
and W. Alles for technical assistance. This work was supported 
by NIH grant AM 20851. 
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in the Na*-loaded state in the presence of ouabain (my unput 
lished results), Conductance was measured by displacing the 
transepithelial voltage by 10 mV and Gya was calculated as the 
difference in transepithelial conductance obtained by replacing 
mucosal Na* with K* or, equivalently, by addin | 
amiloride to the mucosal solution’. In the Na* -loa 
the amiloride-sensitive current-voltage (-V). relations up 
becomes linear near V =0 (ref. 12), so that Gna is 3 a ‘teljable 
measure of conductance. All conductance measurements were a 
corrected for solution resistance. The intracellular Na* ion ~ 
activity [Na*], was estimated from the amiloride-sensitive shoti 
circuit current (Ix,) and Gy,, Using the constant-field equat on 
This is a rough estimate, and does not affect the other measured 
or calculated parameters. 3 
Jya Was measured as the uptake of 2Na into the cell f 
the mucosal solution during brief (15-20 s} exposures to 
isotope, following the protocol of Biber and Curran’. Uptake 
was corrected for extracellular Na* using “H-mannitol as a > 
marker, I also made asmall correction for amiloride-insensitive ? 
uptake (Jna, corrected for extracellular Na‘, in the presence of | 
10°* M amiloride). In control conditions, uptake was found to 
be linear with time for at least 24s, and Jna was almost equal 
to Ina, in agreement with previous reports” oes (Fig. 1). “ap 
To achieve electrochemical equilibrium for Na” across the 
membrane, ouabain was added to the serosal medium to block 
Na“ extrusion from the cell. As shown in Fig. 2, Iwa declined __ 
rapidly at first, and then more slowly. [Na"]; rose from initial 
values of <5 mM to ~40 mM, and then remained fairly con: 
stant. Gy, increased initially, as expected. for an increase in 
[Na], and then fell, indicating a decline in Na* permeability. 
When [Na”], reached 40 mM, the mucosal solution containing 
80 mM NaCl was replaced with one of 40mM NaCl. Instan- 











Table 1 Flux-ratio exponent (n’) of apical membrane. Na” channel 





Mucosal Na* 












concentration Gna | n 
(mM) (mS) RTI 










oltage t transients showed that this condition i is maintained Valier 





etioda wer usd: to increase. r Nar. to 10 mM, and 
and Jya were measured with 10 mM Na in the mucosal 
lution. Mean computed values of n’ were 1.15 at 40 mM Nat 
and 1.08 at 10 mM Na* (Table 1); neither value is significantly 
different from 1 (P > 0,1). 
_ — The results indicate that single-filing of ions does not occur 
to any appreciable extent at these Na” concentrations: the 
channel is occupied by at the most one Na” ion at a time. 
_ Single-filing therefore does not account for the decline in Na* 
rmeability resulting from increased intracellular Na* obser- 
hee e » and d by others" j . The slow fall in Gya at 


hig h 1 intracellular Na*, eea mediated 
ular co ae 7, 17, 18), 
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Fig. 2 Protocol for Na*-loading epithélial: cells. “Hemiblad 
were preincubated with KCl-sucrose medium onthe serosal sit 
and 80 mM Na” on the mucosal side. Membrane area was 3 ct 
At time 0, ouabain (5 mM) was added to the serosal mediumi: G 
(mS) and Ina (pA) were calculated as the amiloride-sensit 
conductance and short-circuit current, respectively. [Na jm 
was estimated from the constant-field equation. assuming nome: 
brane potential using: Gya = =(F?/ RT)Px, [Nat bt [Na"]})/2: 
Ina =(F)Pra ((Na*]p—[Na“}) where Px, is the Na” permeab 
and [Na* joand[Na’ ], are the Na* activities.in the mucosal soll 
and in the cell, respectively. After 55 min, the Na” activity 
mucosal solution was rapidly decreased to 40 mM by replaces 
with K“. Gy, and Jya were determined immediately afterw: 
during the period: Pen Ing * 0. . 


was accounted for by a décteused: ‘dinber of cond 
nels, and not by saturation of single transporting 

Finally, deviations in transepithelial flux rat 
predicted for passive, independent ion move 
used to study active Na” transport in. tight: epithelia 
results reported here imply: that transport of Na” across the 
apical membrane Na* channel satisfies this condition fi 
independence, and that the reported deviations of 
transepithelial fux ratio exponents from unity reflect the activity 
of the serosal Na” pump. 

I thank N. Speez for technical. assistance. Financial support 
was provided by the Whittaker Foundation and USPHS grant 
AM 27847. 
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The antiviral activities of the few compounds available that are 
effective in the clinical treatment of virus infections are directed 
against nucleic acid synthesis'’. Attention has been drawn 
ecently to the need to develop new strategies, based on specific 
nhibitors of other biopolymers with essential functions in virus 
eplication’. Polyamines may prove suitable targets, as these 
phatic bases are found in all animal cells, where they seem 
o have essential roles in the synthesis and stabilization of 
1acromolecules’*. Here we describe how human diploid 
broblasts (MRCS cells) infected with human cytomegalovirus 
VEV) have elevated levels of polyamines, and the polyamine 
ntimetabolite methyiglyoxal bis(guanylhydrazone) (MGB G) 
as potent antiviral activity. The growth of human CMV is also 
locked by a-difluoromethylornithine (DFMO), a highly 
cific inhibitor of the initiation of polyamine biosynthesis. 
tochemical studies show this inhibitory effect is directed 
gainst early events in the virus replication cycle. 

Infection of human diploid fibroblasts with human CMV is 
own to stimulate ornithine decarboxylase (EC 4.1,1.17) 
ivity’. This enzyme catalyses the first step of polyamine 
iosynthesis, the formation of putrescine’. Another study has 
wn increased levels of [1,4-' *C]putrescine uptake into 
{RC-5 cells infected with human CMV’. However, although 
idiolabelled polyamines (spermidine and spermine) were 
vered at times from 24h post-infection (p.i.), specific 
ities were not determined. We have now quantitatively 
lysed polyamine biosynthesis in MRC-5 cells infected at 
igh multiplicity with human CMV strain AD169. The infected 
cells were recovered at 72 h p.i. and acid-soluble fractions were 
assayed for polyamines by the fluorometric measurement of 
their dansylated derivatives, after separation by TLC. The 
concentrations of spermidine and spermine in infected cells 
were 1.5- and 12.4-fold higher, respectively, than in uninfected 
control cells (Table 1). The higher specific activities of both 
polyamines in infected cells are consistent with the increased 
utilization of radiolabelled putrescine described in the earlier 
study’, showing clearly that infection with human CMV stimu- 
lates polyamine biosynthesis. The requirement for continued 
_ polyamine metabolism during human CMV replication is 
_ reflected in the antiviral effect of specific inhibitors of polyamine 
| biosynthesis, Both MGBG, an inhibitor of spermidine and 
spermine biosynthesis, and a-methylornithine, a competitive 
inhibitor of ornithine decarboxylase, have been shown to pre- 
vent the production: of infectious virus®. These results have 
couraged further in vitro studies of the antiviral properties 
of MGBG in comparison with the nucleoside analogues 9-(2- 
nydroxyethoxymethyl) guanine (acyclovir) and 5-iodo-2'- 
soxyuridine (IUdR), two drugs that have been used clinically 
or the treatment of human CMV infections'’. The inhibitory 
fect of each compound against eight different virus isolates 
was determined by plaque reduction methods (Table 2) and 



























33.5 uM), IUdR R (5: 3 uM) 





e median values (EDs) for the antiviral effect of acyclovir : 


‘Specific 








< 2x COo attivity * 
Cells Polyamine cells elsi (mCi mmol” ne 
Uninfected Spermidine 75.8 AAD O 025. 
Spermine 18,5 0.82 0.19 
Infected Spermidine 110.0 16,15 0.66 
Spermine 230.0 42.34 0.83 





MRC-5 cells were grown and maintained as described previously’. Confluent ois 
monolayers were mock-infected or infected with human CMV (strain AD169} 
using five plaque-forming units (PFU) per cell. All virus stocks were prepared. 
from extracellular virus as described elsewhere’, At 24h pi [1 4-“4C]putrescine. ae 

(116 mCi mmol”) } was added to the maintenance medium toa final concentration. 
d 0I pCi mi? and the cells were recovered 48 h later. Polyamines were extracted a 
and separated as their dansyl derivatives by TLC as described previously’ c After = 
extraction of the dansylated polyamines in dioxan, fluorescence relative to known © 
amounts of appropriate standards were measured using a Locarte fluorimeter. 
Duplicate determinations were made and representative. results are ‘presented. 
The amount of radioactivity present in each extract was measured ina Packard 
liquid scintillation spectrometer. 


the greater potency of the polyamine inhibitor. This effect. on 
virus growth, which is readily reversed by exogenous. spermidine 
(unpublished results), correlates with the reduction in poly- 
amine biosynthesis in CMV-infected cells treated with MGBG® 
However, this inhibitor is reported to have other effects on 
cellular functions which may be unrelated to polyamine meta- 
bolism’? | 
DFMO i is a highly specific inhibitor of polyamine n 
with remarkably low toxicity'*'*. The compound i 
activated by ornithine decarboxylase, which i 
inhibits'*. The antiviral properties of DFMO were investigate 
by measuring its effect on the production of infective progeny 
virus. MRC-5 cells infected with human CMV were maintained 
in medium containing various concentrations of the compound, 
and infectivity titres were measured at 120 h p. iy a time aft 
the exponential phase in the virus growth cycle’, There was | 
marked reduction in the amount of infective virus produced in _ 
cultures treated with 10 mM DFMO (see Fig. 1 legend). Lower 
concentrations had less effect on virus replication, and sub- E 
sequent removal of the inhibitor from infected culture ‘est: i 
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p.i. to reach maximum size at 120 h p.i. (Fig. 1b, e). The produc 
tion is inhibited completely by 10 mM DFMO (Fig. 1 ie but R 
with lower concentrations of the inhibitor the increase in virus. ~~ 
yield is accompanied by development of the cytomegalic effect << 
(Fig. 1d,e). These cytochemical studies show that the antiviral 
properties of DFMO are directed against early events in the 
CMV replication cycle associated with the synthesis or utiliz- 
ation of virus-specific DNA. Such results are consistent with 
the a aa effects of DFMO described in other 
systems'* 








Table 2 A comparison of the antiviral effect (ED.,) of MGBG and two nucleo- Se 
side analogues against eight strains of human CMV. > =: EES 








Virus strains AR adele SE 
LAGRE WE 


Compound ADi69 Kerr Rawis BL BR» 3 
Acyclovir (Mì 78 15 28 39 10 52 25 68 
IUĐdR (2M) 4,2 5.0 3.3 77 BB OD FS uS 
MOBG ipM) 0.9 0.8 1.8 0,5 0 6 ; D. 5. 0. 5 2. 5 





Three laboratory strains of CMV (AD169. Ker Rawles) ‘and: five clinical 
isolates with a low passage history were included in this study, In each experiment, n 
dose response curves were constructed for acyclo 
the different strains of human CMV. A plaque 
determine EDs, values in a manner similar to 
Bauer”, In brief, confluent, MRC-5 cultures: infecte 
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Fig.1 The effect of a-difluoromethyl ornithine on the replication 
of human CMV strain AD169. MRC-S cells (a) infected with 
human CMV (see Table 1) were maintained in medium supple- 
mented with different concentrations of DFMO. Infected cells 
were recovered into fresh medium at the times indicated below 
for infectivity titration by plaque formation in MRC-5 cells. At 
the same times parallel, infected cultures were fixed in situ with 


absolute alcohol before staining with acridine orange’*. Micro- 
scopic examination showed small rounded cells in all infected 
cultures at 24h p.i. (b). Further virus growth resulted in the 
development of DNA-containing inclusions (IN) in the nuclei (N) 
of infected cells and, in addition, there was a marked increase in 
cell size (cytomegalic effect) by 120h p.i. (c). In the presence of 
10mM DFMO, virus growth was inhibited and infected cells 
remained in the early, rounded form (f) but production of infective 
virus together with development of the intranuclear inclusions was 
seen with lower concentrations of ai inhibitor (d, 2.5 mM; and 
e, 5 mM). Time p.i. (hours); b, 24; c, d, e and f, 120. yaa 
titre (PFU per 10° cells); b, <10°; C, 2.2 x 10°; d, 6.4x 10°; 
7.5x 10°; f, 6.5x 10°. 


Further development of these observations by in vivo studies 
is limited by the lack of experimental animal models of the 
human disease. Polyamine inhibitors, however, have been used 
clinically as chemotherapeutic agents. MGBG has been used 
in the treatment of acute leukaemia’’ with considerable benefit 
to the patient if the drug is monitored appropriately'*. Clinical 
prospects are also good for the use of DFMO as an antiprotozoal 
agent’” and for the treatment of hyperproliferative states*’. In 
each instance the efficacy of chemotherapy may be related to 
inhibition of polyamine metabolism*'**'. Human CMV is the 
most important known infectious cause of mental retardation 


and a significant complication in immunocompromised hosts, 


particularly allograft recipients’. No effective treatment of 
infections with this virus is currently available and there are 
certain limitations to prophylactic measures based on virus 
vaccines’, Our observations show that polyamine metabolism 
is essential for the replication of human CMV and polyamine 
inhibitors may be suitable drugs for the treatment of CMV 
infections. 

DFMO and acyclovir were gifts from Centre de Recherche 
Merrell International and Wellcome Research Laboratories, 
respectively. We acknowledge the financial support of the Joint 
Standing Research Committee of St Mary’s Hospital and an 
anonymous donor. 
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Derivation of macrophage-like lines 
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Variation in the degree of methylation of DNA seems to be one 
mode of regulating gene expression in eukaryotic cells”. The 
relationship between DNA demethylation and gene activation 
observed in globin** and viral’ genes, together with evidence 
that alterations in the degree of DNA methylation of a gene 
are heritable", although not with 100% fidelity’, have suggested 
that this may be a mechanism of control of differentiation. 
Futhermore, exposure to the demethylating drug 5-azacytidine 
(5-AC) causes differentiation of 3T3 cells into striated muscle 
cells, chondrocytes and adipocytes’. Subsequent studies have 
shown that these effects are due to DNA demethylation’. In 
view of these observations, we have now attempted to modify 
several continuous B-cell lines with 5-AC. Following exposure 
of the pre-B lymphoma ABLS 8.1 to 5-AC, we have derived 
cloned cell lines which possess macrophage-like characteristics 
not expressed by ABLS 8.1. Similar macrophage-like cell lines 
were obtained in two independent experiments; they have been 
re-cloned and remain stable after 4 months of continuous 
culture. 

ABLS 8.1 is a pre-B-cell tumour derived from a BALB/c 
mouse infected with Abelson virus'’. The line was originally 
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$ classified as B cell because of the presence of surface immuno- 
= globulin”. We can detect neither surface nor cytoplasmic 
-immunoglobulin in these cells, but recently the classification of 
l ABLS 8.1 was confirmed by demonstrating that rearrangement 
r of an immunoglobulin variable region gene has occurred at 
4 both immunoglobulin heavy chain loci and at one « chain gene 
E locus (ref. 13 and S. Gerondakis, O. Bernard and E. Webb, in 
~ preparation), processes that seem unique to B-cell differenti- 
5 ation. 

Cloned ABLS 8.1 cells were cultured at 2.5 10° cells per 
ml in the presence of various concentrations of 5-AC. Of cells 
cultured with 1 uM 5-AC and fed after 3 days with fresh 
medium again containing 1 4M 5-AC, only 20% of the initial 
__ number were present after 7 days. This population was cloned 
at limit dilution in liquid culture medium [Dulbecco's modified 
_ Eagle’s medium (DME), 10% fetal calf serum, 5x 10™° M 2- 
< mercaptoethanol (2-ME)]. Of 192 wells, 16 showed evidence 
Se of cell growth and these cells were expanded further and 
= examined. Nine of the lines closely resembled ABLS 8.1 and 

= On subsequent testing were indistinguishable from the parent 
cell line. The remaining seven cell lines were larger (mean cell 
volume 550 compared with 500 m°? for ABLS 8.1) and were 
characteristically pleomorphic; ~5-20% of the cells had an 
= elongate amoeboid or a stellate appearance and 1-2% adhered 
= to the culture dishes. In contrast, ABLS 8.1 grew as a uniform 
= population of round, non-adherent cells. Furthermore, unlike 
= ABLS 8.1, the lines were able to grow in medium lacking 2-ME. 
_ All the lines were re-cloned in the absence of 2-ME in both 
t ine gel culture and liquid culture; the morphological charac- 
teristics and ability to grow in the absence of 2-ME were 
heritable and occurred in all the clones. 

One obvious possibility was that a contaminating cell type 
= had been present in the initial cell population of ABLS 8.1 
cells. This was excluded in three ways. First, the only tumours 
-carried in tissue culture at the Hall Institute having characteris- 
tics resembling the lines putatively derived from ABLS 8.1 
= were the macrophage-like lines WEHI 3B and WEHI 265. 
= Both, however, exhibited morphological differences from the 
“a ee este cells and furthermore possessed characteristic 
= metacentric chromosomes. ABLS 8.1 has no detectable 
Be topiinacimal markers and is diploid. Chromosome spreads 
prepared '* from ABLS 8.1, WEHI 3B, WEHI 265 and the 
= newly derived lines showed that ABLS 8.1, WEHI 3B and 
-WEHI 265 had the expected karyotypes. None of the new cell 
lines had metacentric chromosomes and all had 40 chromo- 
eo somes, which appeared identical to those of ABLS 8.1. The 




















different from untreated ABLS 8.1 cells. Left, cytocentrifuge 
smear of ABLS 8.1 cells (May—Griinwald—Giemsa). Right, smear 
of a cloned line of cells derived from 5-AC-treated ABLS 8.1 
| cells. Three large vacuolated cells which have phagocytosed 
¥ immunoglobulin-coated sheep red cells are shown. 


f __ Fig. 1 5-AC-treated ABLS 8.1 cells are morphologically 
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| Table 1 Comparison of the properties of ABES E-I elk and ines 
derived using 5-AC 
Cell line from Cell line from 
first setof second set of 
5-AC-treated 5-AC-treated 
ABLS 8.1 cultures cultures 
2-ME dependence - E = 
Phagocytosis: | 
Latex* 1+0.5 22+3 15+4 
Ig-coated SRBCs* 0 12+2 7+3 
Fe receptort 2+1 63+7 56+8 
Membrane Ig$ — — — 
Membrane Thy-1§ — — — 
Secreted Ig — — — 
MAC 19 0 6+1.4 321.1 
Esterase + + ++ ++ 
Factor production: 
GM-CSF tae S 
TCGF — — 
PSF — — — 
Presence of 
Ia antigen — — — 
Natural killer activity — — — 
Response to macrophage- — 
activating factor** 





GM-CSF, granulocyte-macrophage colony-stimulating activity, 
assayed by colony formation in agar culture’’. TCGF, T-cell growth 
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factor activity, assayed as previously described”. PSF, P-cell factor | 


which promotes growth of a mast cell progenitor; assayed as previously 
described?”. Ia antigen was detected by incubating with a monoclonal 
antibody? at 4°C for 1h, washing and adding fluoresceinated sheep 
anti-mouse immunoglobulin antibody for 30 min at 4 °C. Natural killer 
activity was assayed on *‘Cr-labelled YAC cells. Release of label into 
the supernatants was measured on a y-counter and compared with 
background release and a positive control (nude mouse spleen cells). 

* Cells were incubated overnight with latex particles and examined 
microscopically for evidence of phagocytosis. 

t Sheep red blood cells (SRBCs) were washed in normal saline and 
resuspended to 5% (v/v) and mixed with an equal volume of 1:60 
rabbit anti-SRBC antiserum. The cells were incubated for 1 h at 37°C, 
washed and resuspended to 2% v/v. Aliquots (50 yl) were added to 
1 ml cultures of each cell line. Ig, immunoglobulin. 


t Equal parts of 2% immunoglobulin-SRBCs (as in t) and cells at — 


5x 10° per ml were incubated at 37°C for 15min. The cells were 


centrifuged at 200g for 5 min and held at 4°C for a further 10 in. The 
suspension was stained with 0.1% crystal violet and rosettes counted. 

§ The presence of membrane immunoglobulin and Thy-1 were tested 
for by staining with fluoresceinated rabbit anti-mouse immunoglobulin 
and fluoresceinated monoclonal anti-Thy-1.2 antibody (ref. 15) respec- 
tively. 

| Secreted immunoglobulin was assayed using a sensitive radioim- 
munoassay in 96-well microtitre trays coated with rabbit anti-mouse 
immunoglobulin antiserum. 

€ A monoclonal antibody specific for a macrophage cell surface anti- 
gen’ obtained from Dr E. Handman, The Walter and Eliza Hall 
Institute. 


+ Esterase stains were performed using the a-naphthyl butyrate — 
method (Sigma). Scoring: +, occasional cells (<10%) showing faint i 


black granules; + +, many cells (>75% ) showing unequivocally 
granules. In the conditions used thymocytes and peripheral blood 
lymphocytes were negative or faintly positive, but peritoneal exudate 
cells showed strong positive granules. 

** Macrophage activation by concanavalin A-stimulated spleen cell 
supernatants was assayed as previously described’®. 


second way to exclude the possibility of contamination was to 
repeat the procedure with a new batch of ABLS 8.1 cells. 
Cloned ABLS 8.1 cells were cultured in agar with 5-AC as 


described above. To control for the possibility that S-AC was- 
not essential for the selection of a hardier contaminant of variant 


line not requiring 2-ME, a parallel culture of 10’ of the same 
clone of ABLS 8.1 cells was established in medium lacking 
both 5-AC and 2-ME. All these cells appeared dead after 3 
days and no viable cells were detected over the ensuing 4 weeks 
of culture. Cells from the second batch of 5-AC-treated cultures 





| butyrate 


| butyrate 
(%) (% ) 
96+4 97 +5 
24+6 744 
+ + + + 
















The presence of granules and vacuoles similar to those seen in 
` macrophages. RaR 
7 a Performed. as described i in Table 1 legend. 


were removed: at 0, 2and7 days and cultured at limit dilution 
in medium without 2-ME. No lines were obtained from the 
cells removed at day 0 or 2, but from day 7 cultures, 11 clones 
were obtained, 6 of which were morphologically similar to the 
7 original lines. Both this and the original set of cell lines have 
sen re-cloned and have remained stable for over 3 months of 
: om coitus. Final ; and Heres evidence that these 










hares that, unlike ABLS 8. 1, the derived 
istics of macrophage cell lines (Table 
f these was phagocytosis of opsinized 
Fig he which was not seen in control 


on. Fe Bas are s less ef di ceiinanis. as they 
odu B sos and pea daa Inter- 







on increase the proportion of more differentiated 
ts known to induce differentiation were added to the 
4 _Of those tested, dimethyl sulphoxide (0.5-10% v/v), 
actinomycin D (0.1-10 yg m`), and tetradecanoyl phorbol 
acetate (1-100 ng ml”’) or combinations of these had no effect 
at concentrations which did not severely affect viability. On the 
other hand, sodium butyrate (0.1-1 mM), while reducing the 
tate of cell division, did not obviously reduce viability i in 3~5-day 
cultures. At concentrations of 0.3-1 mM, increasing propor- 
tion of differentiated cells were observed over 2-3 days (Table 








3 which slowed the rate of cell division. This effect seem 
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require prolonged exposure to the drug, which may 
that a definite sequence or combination of demethylatio i 
is required to induce the observed changes. The finding 
the only variants were macrophage-like cells may be ex: 
in two ways. First, the culture conditions used might sele 
the survival of such cells. A second more interesting possil 
is that this result reflects the origin of both pre-B lymphoc 
and macrophages from a common progenitor and that. 
demethylation activates certain genes which cause ABLS 8 
to differentiate along a programmed or favoured path into 
closely related, but functionally different cell. A close relation 
ship between the lymphocyte and macrophage lineages is sup 
ported by evidence that the immunoglobulin y-chain constan 
region gene is transcribed in myeloid lines and macrophages’ 
Although rearrangement of immunoglobulin variable {Vv 
region genes has not been found in macrophage-like tumou 
lines examined so far, transcription of the w gene in these cel 
lines may imply that the region of the genome encod 
immunoglobulins undergoes some activation in a common f 
cursor of B cells and macrophages. The fact that rearrang 
of V genes has occurred on both chromosomes in 
suggests that in this respect, ABLS 8.1 is at a B cell 
differentiation stage beyond this putative common pr 
Nevertheless, given some activation of the immunoglc 
coding region of the genome in macrophages’”*"* and, pres 
ably, their precursors, it is possible that the reciprocal § 
ation—some activation of macrophage-specific genes— 
occurs in pre-B cells and accounts for the tendency for pertur 
tion of the ABLS 8.1 genome by 5-AC to result in cells hay 
macrophage characteristics. We are also investigating wh 
different cloning conditions could allow us to grow out ot 
related haematopoietic cells. 

Although experiments of this nature may amide usi 
information about the genetic mechanisms of gene expressio 
at the present stage of knowledge, extrapolation fromt 
observed changes in phenotype to conclusions about physiol 
cal sequences of differentiation must be cautious. Howe: 
given the minimal amount known concerning the numbe: 
sequence of differentiation steps between multipots 
haematopoietic stem cells and B cells’*, new approaches s 
as this may well yield useful clues to normal differenti if 
events. 

We thank P. F. Bartlett, J. Adams, S. Cory, S. Gero 
and A. W. Harris for helpful discussions and Ina Frange 
for technical assistance. À 
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- The major histocompatibility complex (MHC) is a genetic 
- region originally defined by graft rejection and now known to 
encode at least three classes of molecules which have important 
roles in the immune system. The MHC class I and class H 
antigens are both polymorphic two-chain cell-surface gly- 
--coproteins which are recognized by T lymphocytes. However, 
they are generally recognized by different subsets of T cells and 
have different functions, different tissue distributions and, by 
all available evidence, different structures“, Much is known 
about the detailed structure of the class I antigens (HLA-A, 
"B, C in human; H-2K,D,L in mouse)*’. The 44,000 (44K)- 
nolecular weight (M,) heavy chain consists of an amino- 
minal extracellular region composed of three 10K M, (90 
amino acid) domains, a small hydrophobic membraneous seg- 
nt and a small hydrophilic intracellular carboxy-terminal 
main. The two amino-terminal domains are polymorphic, 
ar the carbohydrate and have no sequence homology with 
munoglobulin. The third domain, closest to the membrane, 
the 11.6K light chain (8,-microglobulin) are highly con- 

ed and have strong sequence homology with immuno- 
ulin. The structure of class I antigens (DR, DC1 in human; 

, I-E in mouse) is much less well understood. Previous 
periments involving papain proteolysis of native DR antigen 
ve shown that both the light and heavy chains have a large 
cosylated amino-terminal extracellular region, a small 
drophobic membranous region and a small carboxy-terminal 
drophilic region”. We have now applied limited proteolysis 
emonstrate that the extracellular region of the light chain 
nsists of two domains, each with a disulphide loop. The 
10-terminal domain bears the carbohydrate and is polymor- 








hic, while the carboxy-terminal domain is relatively conserved 


d has significant amino acid sequence homology with 
immunoglobulin. These results suggest a new picture of class 
Tl antigens indicating strong structural similarities to both class 
T antigens and immunoglobulins. 

The B lymphoblastoid cell line WTS1 (derived from an 
individual homozygous for HLA-DR4) was metabolically 
labelled with **S-cysteine. A detergent-solubilized cell lysate 
Was prepared and treated with various proteases, the DR anti- 
-gens immunoprecipitated with the rabbit xenoserum anti-p23, 
30 and the precipitates analysed by SDS-polyacrylamide gel 
electrophoresis and fluorography. Before proteolysis, the DR4 
antigen consists primarily of a 34K M, heavy chain and a 29K M, 
light chain (Fig 1a, lane 1). Proteolysis with chymotrypsin (Fig. 
la, lane 2) and with certain other proteases generates three 
major bands: 33K, 15.7K and a doublet of 12.6K and 13.2K, 
Proteolysis with trypsin or endoproteinase Lys-C (Fig. 1a, lanes 
3, 4) generates a different pattern also with three major bands, 
of M, 33K, 17K and 11.3K. Proteolysis with clostripain 
(Fig. la, lane 5) generates only two new bands at 33K and 

27K. 

< Serial proteolysis with papain showed that the 33K and 27K 
ands represent the DR heavy and light chains with the carboxy- 
terminal hydrophilic TODON removed, These fragments were 
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protease’; as. . how 


í yi two classes. g 
Fig. 1. Several experiments with DR4 
antigen (including amino acid sequencing, see below) demon- . 
strated that the larger bands (Na, 15.7K; N,, 17K) are amino- 
terminal fragments of the light chain and the smaller bands. 
(Ca, 12.6K and 13.2K; C,, 11.3K) are carboxy-terminal frag- 
ments of the light chain. Serial proteolysis with papain showed 
that the 13.2K band represents the entire carboxy-terminal 
chymotryptic fragment, while the 12.6K band represents the 
carboxy-terminal chymotryptic fragment lacking the hydro-. > 
philic carboxy-terminal peptide. Similar results were obtained oe 
with DRwé6 antigen’. nae 
Endoglycosidase digestion has demonstrated that the DR 
heavy chain bears two N-linked glycans of M, ~ 3K, whereas. . 
the light chain bears only one’®. The antibiotic tunicamycin ~~ 
inhibits the glycosylation of DR antigens during biosynthesis. 
(Fig. 1b, lanes 1, 3)''. Chymotryptic digestion of lysates from # 
tunicamycin-treated cells generates two bands (26K and 13K). 
which immunoprecipitate with anti-p23,30, instead of the — 
expected three bands (Fig. 1b, lanes 2, 4). Other experiments 
(not shown) using endoglycosidase D and antisera specific for. 
either DR heavy or light chain demonstrate that ‘the, 26 ‘ 
fragment is the chymotryptic product of the. non-glycosy ate 
heavy chain, while the 13K band contains both th e cart 
terminal and the non-glycosylated amino-te 
of the light chain. Thus, the amino-terminal ch 
ment of the light chain bears the carbohydrate; als 
motryptic site is roughly in the middle of the chain. Thes 
results were confirmed with Drw6 antigen”. ` ees 
The mobility of denatured light chain in SDS- -polyacrylamide 3 
gel electrophoresis depends markedly on whether or not it is 
reduced’’. This mobility shift is greater than that of Bo-m | 5 
stae n S 100p), the T chain of HLA 
































ee ihini, whereas the major ee chain ia four cysteines. : 
in two disulphide loops with no free sulphydryls’. It was thus 
of interest to determine the location of these disulphide loops. > 
in the light chain. 

Lysates from *S-cysteine-labelled cells were proteolysed — 
with either chymotrypsin or trypsin, immunoprecipitated: with 
anti-p23,30, boiled in SDS sample buffer with or without 2 mM 
dithiothreitol (DTT) and analysed by SDS-gel electrophoresis. 
Both the amino-terminal and carboxy-terminal chymotryptic. 
fragments contain comparable amounts of *°S-cysteine and have __ 
a mobility shift equivalent to that of 62-microglobulin (Fig. 2, 
lanes 5, 6). Thus, each chymotryptic fragment of the light chain _ 
contains a disulphide loop. This fact was confirmed by the _ 
trypsin cleavage. Electrophoresis i in reducing conditions yielded : 
the expected 17K amino-terminal and 11.3K carboxy-terminal , 
tryptic fragments (Fig. 2, lane 7). Electrophoresis in non- 
reducing conditions yielded a band at approximately the mobil- 
ity of the unreduced light chain (24K; Fig. 2, lane 8), corres-. 
ponding to the amino-terminal and carboxy-terminal tryptic — 
fragments still linked together by a disulphide bond. Thus, the. 
trypsin cleaves between the two cysteines of the second disul- ` 
phide loop, consistent with the fact that the amino-terminal 
fragment contains much more °S- ~cysteine't than the carboxy- 
terminal tryptic: fragment (Fig. 2, lane 7). 

To define the. Cleavage ragmante better, a 








rminal fragment is homologous to published amino- 
sequences of human DR and murine 1-E light chains. 
al amino-terminal sequence of the 13K carboxy- 
terminal fragment shows no homology with the amino-terminus 
of the whole molecule. However, quite striking homologies are 
evident with the first cysteine region of the second disulphide 
|} op (a3) of: class I antigens (such as HLA-A and B), B2- 
 microglobulin and immunoglobulin constant regions. On 

m on, the best Tes occurs with the a domains of 


t domains are kawt to correspond to particular 
tures’ '*, The portion under consideration here 
cond and third antiparallel -strands (found in 

i a and three- strand (fy) WEN; a 


ni ich heldt the a el bond), Meliyo conser- 
O und in the t bend) and the conse ved alternat- 


| (Gibco), 100U mi penicillin ! 
0.1 mg miis streptomycin. Cells were e centrifuged and resuspended i in the 


incubated {oF 20h at 37°C. For tanieanivernctrented ole 4 ae mi 
S Toe was included in both the preincubanon and incubati 


30 min on ice in ‘a iysis buffer containing 2% Nonidet- P40 
20 mM Tris-HCI pH 8, 1 mM MgCl,, 150 mM NaCl and 0.1 mM phe 
methylsulphony! fluoride (PMSF). Subcellular debris was removed b 
trifugation in an Eppendorf centrifuge for 10 min at 4°C and the 
lysate was frozen at ~80 °C until use. Except where noted, proteolysis was 
carried out as follows. One volume of lysate (usually 5 ul) was incubated 
with 10 volumes (50 uD of buffer or protease at 37°C for 1h and-then 
proteolysis was stopped by incubation on ice for 30 min with added proteol 
sis inhibitor. The serine proteases chymotrypsin (2 mg mi +, 40 U per mg, © 
Worthington), diphenylcarbamylchloride-treated trypsin (2 mg ml’, . 
8,000 U per mg, Sigma), endoproteinase Lys-C (0.2 mg protease ml}; 
0.3 U per mg, Boehringer-Mannheim) in 40 mM Tris-Cl pH 8, 100mM 
NaCl, 10 mM CaCl, were halted by 0.2 volumes (1 yl} 100 mM PMSF in 
absolute ethanol and the sulphydryl proteases papain (0.01 mg mI-'; 25 
per mg, Millipore) and clostripain (2 mg mit, 40 U per meg, Boeh iji 
Mannheim) in 10 mM Tris-Cl pH 8, 0.1 mM EDTA, 1mM DTT wi 
halted by 5 volumes (25 ul} 25 mM iodoacetamide in water. Forty vo 
(260 ul) of NET-NO (50. mM Tris-Cl pH 8, 5 mM EDTA, 150m 
0.5% NP40, 1 mg mi"! ovalbumin) were added and the solution pre 
with normal rabbit serum and formalin-fixed Staphylococcus aureus 
I strain (Staph A), immunoprecipitated with the rabbit xenose! 
p23,30'* and Staph A, and washed as described previóu 
Immunoprecipitates were eluted by boiling in.sample buffer (200m 
Tris-Cl pH 8.8, 10% glycerin, 0.1% bromophenol blue, 5 mM EDTA, 
SDS, 5% 2-mercaptoethanol) and analysed by electrophoresis. thro 
7-15% polyacrylamide gradient gels (using Laemmli buffers”® witt 
EDTA added) and fluorography*’. In a, 5 wl lysate was incubated for 1 
at 37 °C with 50 wl buffer or protease and then proteolysis was haltéd on 
ice with either 1 pi 100 mM PMSF or 25 ui 25 mM iodoacetamide. 200 
NET-NO was added and the sample was precleared, immunoprecipitate 
with anti-p23,30 and analysed. Lane 1, no protease; lane 2, chymotrypsi 
lane 3, trypsin; lane 4, endoproteinase Lys-C; lane 5, clostripain. Numbe 
on the left represent M, (x 107°). b: Lane 1, DR, no protease; lane- 
DR, chymotrypsin; lane 3, tunicamycin DR, no protease: lane 4, tunicam 
cin DR, chymotrypsin. H, DR heavy chain; L, DR light chain; N,, amim 
terminal tryptic fragment; Na amino-terminal chymotryptic fragment; 
carboxy-terminal chymotryptic fragment; C, carboxy-terminal tryptic ma 
ment; tm, tunicamycin, 


(whose side chains fill the space between the two 8-p 
sheets of the immunoglobulin domain: leucine-6, cystei 
valine-10, phenylalanine-13, isoleucine-18, valine-20, 
tophan-22), Every conserved or invariant residue in this: 
of the C,,3 domain of IgG myeloma Eu is identical to th 
the carboxy-terminal chymotryptic fragment of the D 
chain. These same residues are conserved or iden 
second disulphide loop region of HLA-A and -B and 
microglobulin, except that 82-microglobulin has leuci 
instead of the invariant tryptophan. Several other 
determined are conserved. In the aligned sequence, th 
motryptic site is located in the middle of the loop bety 
first and second antiparallel 8-strands (b1). The trypsi 
likely to be located at lysine-30 (the first endoproteinase | | 
sensitive site after the chymotrypsin site), which is in the. 
between the third and fourth anti-parallel 8- strands (b3). Th 
sites are at the same end of the immunoglobulin domain’*” 
and in the DR light chain, that end must be exposed to solvent. 
In fact, the chymotrysin site is accessible even in membrane- 
bound DR antigens (J.K., unpublished). : 
In class I antigens of both human and mouse, the regio 
with homology to immunoglobulin (82-microglobulin and the 
second disulphide loop of class I antigens) are invariant. 
highly conserved’”’. It was of interest to determine wheth 
this is also true for the DR light chain, which is the polymorph 
chain'*'*. DR antigens from a number of cell lines (homozygot 
for DRIi-8) were  proteolysed with chymotryps 
immunoprecipitated with anti-p23,30 and analysed by isoel 
tric focusing (IEF). By this criterion, the amino-terminal ¢ 
pattie Peni of tie: lig ant c Bie vary considerab! y 
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g. 2 SDS gel of reduced and nonreduced proteolytic fragments of DR 
antigen. As described for Fig. 1, samples were proteolysed and 
immunoprecipitated with anti-p23,30 or w6/32 (a monocional antibody 
hich recognizes HLA-A, -B and -C antigens) ?_ The immunoprecipitates 
ere boiled in sample buffer with either no reducing agent or 2 mM DTT 
and analysed by SDS-gel electrophoresis and fluorography. Lane 1, no 
protease, w6/32, DTT; lane 2, no protease, w6/32, no DTT; lane 3, no 
protease, anti-p23,30, DTT; lane 4, no protease, anti-p23, 30, no DTT; 
ne 5, chymotrypsin, anti-p23,30, DTT; lane 6, chymotrypsin, anti-p23, 
}, no DTT; lane 7, trypsin, anti-p23,30, DTT; lane 8, trypsin, anti-p23, 
` 30,no DTT. a, HLA-A,B heavy chain; 8,M, B2- microglobulin. 


n carboxy-terminal fragments is due to polymorphism at the 
ite of proteolysis or to limited polymorphism elsewhere (as in 
use: B2-microglobulin”’ or human «3°) is unclear. However, 
ast i in the case of DRw6 from cell line LB and DR4 from 
line WT51, the chymotrypsin sites are homologous’. 
rotease cleavage of the native DR antigen has defined four 
jains for the DR light chain: a polymorphic glycosylated 
1ino-terminal domain with a disulphide loop but no sequence 
jomology with immunoglobulin, a relatively conserved domain 
vith a disulphide loop and strong sequence homology with 
mmunoglobulin, a hydrophobic region and a carboxy-terminal 
hydrophilic region. This organization of domains, as defined by 
rotease cleavage, has been found in light chains from every 
class II antigen tested—human DR antigens (specificities 1-8), 
human DC1 antigens, mouse I-A and I-E antigens’. In fact, 
this general domain organization also extends to class II heavy 
chains. Papain proteolysis studies? and amino acid sequence 
data derived from genomic clones (A. Korman, personal com- 
munication) demonstrate that the DR heavy chain also has a 
four-domain structure: an amino-terminal domain having no 
‘Structural homology with immunoglobulin, a second domain 
having striking sequence homology with immunoglobulin, a 
hydrophobic region and a carboxy-terminal hydrophilic region. 
The model based on these data (Fig. 5) allows homologous 
‘pairing between the domains of the two chains. 

a Like the class I antigens, the extracellular region of class II 
antigens consists of four domains: two having sequence 
omology to immunoglobulin and two without. It would be 
‘Surprising if the gross three-dimensional structure and the func- 
tion at the molecular level were different for the class I and II 
antigens. Another intriguing point is that the organization of 
domains in both the DR light and heavy. chains is strikingly 
Ske that. ofa class I anner vy chain. lacking: one of the two 
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Fig. 3 Amino-terminal sequence of the alee nts 7 
fragment of the HLA-DR4 antigen. Each radioactive amino acid (the 
highest specific activity available from NEN) was lyophilized to near-dryness =: 
and then dissolved in RPMI-1640 medium lacking the appropriate amino. _ 
acid. WT51 cells were labelled with individual radioactive amino acids 
~Ala, Cys, Phe, Ile, Lys, Leu, Met, Pro, Ser, Val, Trp, Tyr, 1-3 mCi `H; 
100 wCi *C, 1-2 mCi S per 2x 10° cells) and a cell lysate prepared as 
outlined in Fig. 1 legend. (Cells were labelled with radioactive alanine in 
medium lacking both alanine and glutamic acid.) 0.5 ml lysate was incubated 
for 1.5 h at 37 °C with 5 mi of 2 mg ml” chymotrypsin and then. proteolysis 
was halted with 50 u! 100 mM PMSF. 0.5 ml NET-NO was added -and the 
lysate was cleared with 25 ul normal rabbit serum and 300i1:10% Staph. A 
A. The precleared lysate was immunoprecipitated twice with 20 wl ascites °° 
of LB3.1 (a monoclonal antibody recognizing DR antigen) and 250 pl10% o 
Staph A, The immunoprecipitates were washed as usual -and eluted by 4 
boiling into 90-1 sample buffer. A '*C-labelled sample and ora°H-labelled 
sample were applied to the same 20cm 7-15% ‘polyacrylamide gradient ~~ 
SDS gel as a **S-cysteine-labelled sample. The presence of the **S-cysteine 
allowed: the bands to be located by wet gel autoradiography after elec- 
trophoresis’®. Gel slices were excised, crushed and eluted by shaking for 
24h at 4°C into 1 mi of 0.1% SDS, 0.35 mg ml”! sperm whale myoglobin 
(Beckman). The eluates were s filtered PA ëiliconized glass woo 
dis 


















Edman degradation using a 0. 1 M  Quadrol o -progra 
ling at the first step. Cycle: fractions were transfe 


sing Aq 
a Beckman liquid scintillation: counter with standard H and ue windows. 
Assignments of serine and: ‘glycine were. made on the basis of samples 
labelled me ee in which the label í is lage ie eae lycine: 


letter code: A, Ala; C, Cys; D, Aen: E, Gus E F, “Phe: 
Ile; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q; Gin; 
Thr; V, Val; W, Trp; Y, Tyre É 
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Fig. 4 IEF gel of chymotryptic fragments of DR antigens from various 

cell lines. Cells were labelled with °*S-cysteine, proteolysed. with chy- 
motrypsin and immunoprecipitated with anti-p23,30 as described in Fig: 1 
legend. After SDS-gel electrophoresis of samples, bands across all the lanes 

at the mobilities of the amino-terminal and carboxy-terminal fragments 
were excised (using dansylated B-lactoglobulin and myoglobin as markers). — 
These gel slices were prepared for IEF by soaking in 8'M urea, 2% NP40, 
0.2% pH 9-11 ampholines for 1 h at room temperature. The gel slices were 
applied to the acid end of a polymerized IEF gel-containing 8 M urea, 2% | 
NP40, 7% acrylamide, 0. i N, N' pponsenthianiinde 2% (w/v) wate 


ae ` 


fsoused. at 1 £000 V for 8 hi at 7 C using an LKB ‘Multiphor 2117 flatbed 
gel apparatus**. Lanes 1-8, *°S-cysteine-labelled DR, amino-terminal ch 


and 10, PGE (DR2, 2p 
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CHO = Immunoglobin heavy (H) chains are composed of a variabl 


(Vu) and a constant (Cu) region. The latter is encoded respi 
tively by eight distinct genes for the classes and subclasses i 
p L- "(pi mice—C,,, Cs Cys, Cys, Crass Craus C, and C, genes—arraye 
Sat amonaaeeeea saa in that order on the chromosome’. During differentiation of 
S s single B lymphocyte, a given Vy region is first expressed as 
5 A i u chain, followed by the switch of the Cu region to other cla 
= such as 6, y, € and a. The molecular genetic basis fo 
; phenomenon, called heavy chain class switch, has been el 
‘model of HLA-DR antigen. H, heavy chain; L, light dated recently by cloning and characterization of imr 
e; C, chymotrypsin site; T, trypsin site. Thin lines globulin genes of mouse myelomas secreting various cl 
bonds; -SH, free sulphydryi. Stippled area represents immunoglobulin’ *. By this model, DNA rearrangement 
. the membrane. S-S recombination, brings a Vy gene, located original 
the C,, gene, close to another C,, gene by deletion of 
intervening DNA segment*”. The S-S recombination o 
between S regions located in the 5’ flanking region of eat 
gene. The nucleotide sequences of S regions comprise ta le 
repetitive sequences sharing short common sequences ™ 
contrast, the expression of surface IgD in «*8* lymph 
and in normal u *8* lymphocytes seems not to involve | 
rearrangement in the region between the C, and C; genes: 
The simultaneous expression of the C,, and Cs genes wit 
single V,, gene may be mediated by two alternative rout 
RNA processing of a primary nuclear transcript containin 
Nordstrom for secretarial assistance. This research Vu, C, and C, genes. We have now studied the organiz 
upported by NIH grant A110736. of Cu genes in sorted u *e* B lymphocytes and found that 
added in proof: Since the submission of this paper, a retain C. Cs, C, and C, genes, suggesting that the simult 
imi ary report of the partial sequence of a human class II expression of the Cc: and C, genes is mediated by an 
en has appeared**. The sequence is consistent with the splicing mechanism. We propose that class switching res 
p resented here. at least two steps of differentiation, the first step inv 
activation of differential splicing. and the second the D 















mains which do not have sequence homology 
t therefore seems likely that both class 
nded from a common ancestral gene 
əglobulin-like region. 
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6.4 


Fig. 1 Analysis of EcoRI and BamHI fragments of ¢-bearing 
-cell and SJA/9 liver DNAs using cloned mouse C, and Jy genes 
as probes. DNA was isolated from sorted e° B cells according to 
-the method of S. Gattoni (personal communication). About 8 x 10° 

cells were lysed in 0.5 ml of 0.1% SDS, 10 mM EDTA i10mM 
ris-HCl pH 8.0, 10mM NaCl, 200 gml’ proteinase K for 
n at 30°C with gentle shaking. An equal amount of neutral- 
sd heated (60°C) phenol was added to the lysate and tilted for 
) ‘min, A few millilitres of ethanol were added to the water phase 
ind DNA was wound up at the interphase with a glass rod. DNA 
‘washed in a large amount of ethanol and dissolved in 100 pl 
20. About 6 ug DNA was obtained. Liver DNA was isolated 
as described before. The fragments obtained by EcoRI and 
famHI digestions of e-bearing cell DNA (E) and SJA/9 liver 
DNA (L) were fractionated by electrophoresis in a 0.5% agarose 
el, transferred to nitrocellulose filters and hybridized to the 
ed mouse C, (a) and Jy (b) probes which are indicated by 
de bars below. the restriction maps. In b, only EcoRI digests 
sre analysed. Each lane contains ~1 ug DNA. Probes were 
elled by nick-translation and hybridized as described’. In the 
striction maps closed rectangles indicate structural genes. Num- 
na co (kb) of fragments. |, EcoRI; f, BamHI. 








vever, they were not stained with anti-6, anti-y2a or anti-y1 
jody (data not shown). As a control, about 8% of the 
depleted cells and 10% of the whole spleen cells were stained 
anti-e antibody. The results indicate that the sorted cells 
essentially pure population of p“e* B cells. 

j confirm that IgE on the surface of ue” B cells is 
dogenously synthesized, e” B cells were treated with trypsin 
mgm’) for 30 min at 37°C to strip off all cell-surface 
munoglobulins, then after culturing, newly synthesized 
munoglobulins on the surface were re-examined by fluores- 
se staining. As expected, 2 and 5h after the trypsin treat- 
ment, 84 and 97%, respectively, of cells were stained with 
anti-e. Furthermore, the sorted ec” B cells of S}A/9 were shown 
to secrete IgE when T cells of SJL were provided (K.O. et al., 
in preparation). 

_ We have extracted DNA from the sorted x *e” cells and 
e: amined the fad gene ee in e- bearing cells usg the 
























be een ‘the Cx dnd C, genes, the above resists: dicate that 
1¢ C, gene does not rearrange in the IgE-bearing lymphocytes, 
On th the a hybrid naand myeloma’?? 3 



















rie = | | The | restrict on 
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SJA/9 mice were infected with N. brasiliensis by subcutaneous i in jece 
tion of third-stage larvae (750 per mouse). The mice were kiled? 
weeks later and their spleens gently teased to obtain lymphocytes, Hee 
Spleen lymphocytes were stained with guinea pig anti-murine IgE: sera. 
and fluorescein isothiocyanate-labelled rabbit anti-guinea: pig. Gt 
antibodies. Stained spleen cells were sorted on the FACS Ill (Becton- 
Dickinson). An aliquot of the sorted cells and spleen cells were Stained 
with biotin-conjugated rabbit anti-murine u antibodies and rhodamine = 
isothiocyanate-labelled avidin after photobleaching. As stained cells 
were counted under the fluorescent microscope, the values: shown are. a : 
lower limits. SUM oniae sg 


























with that of SJA/9 liver DNA, and peti blurred; in 1 agree- 
ment with the interpretation that a large number of different 
rearrangements have generated many new EcoRI fragments: 
different lengths in polyclonal B cells” (Fig. 16). Each of severa 
faint bands (5.4, 5.2, 4.6 and 3.8 kb) having less than a few per 
cent of the intensity of the germ-line band in liver DNA, 
may represent rearranged Ju genes. for. anitbodies against. 
N. brasiliensis antigens per se. - 
When DNA of IgE-bearing cells was. diges 
blotted and hybridized with the Cre Cras | yb 


line forms of the Cia and Coos genes, respec P tively (Fig. 2a). 
The germ-line C,2, and C,2, gene fragments (9 and 6.2 kb, 
Por were p Aa in DAA of Rl or Hindlll cells: i 
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IgE IgE 


pe” Lymphocyte pe” Lymphocyte e~Secreting 
Claes mu plasma cell 


Fig. 3. Two. steps of differentiation from u” lymphocytes to 
a -e-secreting plasma cells. Step I involves the activation of differen- 
tial spliang. Alternate splicing of a long transcript containing Vy, 
-o C,, C, and C, sequences will produce mRNA encoding either u 
a Mi E chain with the same V-region sequence. Step II involves 
eae DNA deletion. See the text. 











no doubt about the absence of the DNA rearrangement in 
ion. BamHI digestion of the e* B-cell and SJA/9 
Ided the 11.5-kb fragment hybridizing with the 
e 11.5-kb BamHI fragment encompasses the 
H Ça gene, the results indicate that the C; gene 
ged in the «* B cells. 

e int iad a bee ape gene band was Saanud a at the 










poma reliained constant regardless of the origin 
1a from liver or £* B cells. These results suggest 
ation of the Cu gene in the IgE- pare cells 


en se results we propose that differentiation of IgM- 
B lymphocytes to IgE-secreting plasma cells may pro- 
least two biochemical steps, as shown in Fig. 3. The 
step I) promotes differentiation of IgM-bearing B 
into IgM-IgE-bearing B lymphocytes, which 
activation of differential RNA processing of a single 
transcript containing Vy, C,, Cs; C, and C, gene 
The large transcript may be spliced into u Or € 
by specific enzymes and/or specific assisting molecules 
w molecular weight RNA***’. The size of the primary 
tis estimated to be ~ 180 kb from the C,, gene organiz- 
ation '. Naturally, the u and e mRNAs share an identical Vu 
region sequence. As we handled a mixed populaton of yu *e* 

lymphocytes, we were unable to determine whether the same 
Vy sequence was associated with the C, and C, sequences in 
a single cell. However, IgD and IgM molecules were shown to 
_bear the identical Vq region in a *S* lymphoma’. We pre- 
pak that mep I does not involve any major DNA rear- 























*B cells or r plasma eik by step H, which involves S, e 
Do and simultaneous DNA deletion as established 













g a cells, ae most of the IgM. 
mas. and sbybeldomes « seem ue have a deletion 
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may hinder efficient transcrip ion o 
There are no data concerning the length of the p 
transcript of 4 mRNA in IgM-bearing B cells. Th 
transcribe the whole Cu gene locus from the beginning. 
step I is mediated by the activation of a new differential splicin 
system. Alternatively, the primary transcript in IgM-bearin, 
cells may contain only the Vy and C, sequences. In this cas 
step I requires at least two new biochemical events—the tran 
scription of a much larger RNA and the activation of a n 
differential splicing system. To avoid the premature terminatio: 
of transcription, lymphocytes may have to introduce some bio 
chemical changes in the Cy gene locus such as demethylation’ | 
In fact, the Cy gene is demethylated in u*8* hybridoma but 
not in u * lymphoma”. : 
This model favours the hypothesis that the splicing as well 
as recombination mechanism is class specific. Otherwise, th 
isotype expression in B cells should be transient and multipl 
(more than three isotypes per cell) until they become plasm 
cells. Several lines of evidence suggest that the expression of 
certain V,, sequence is closely associated with a specific Cu 
isotype. CBA/N mice have genetic defects which make th 
incapable of producing anti-phosphorylcholine antibody « 
classes other than IgE whereas. anti-phosphorylcholine a: 
of IgM and IgG is very common in most mouse strains 
lymphoma cell line 1.29 has been shown consistently to sw 
from u to a%. Such results seem to indicate that the 
recombination is catalysed by the class-specific enzyme(s),. 
IgM-IgE-bearing lymphocytes accumulated in spleen 
N. brasiliensis-infected SJA/9 mice are capable of differenti 
ing into IgE-secreting plasma cells when T cells of SJL 
provided (K.O. ef al, in preparation), As SJA/9 mite ¢ 
synthesize normal amounts of IgM, IgG and IgA, the defe 
SJA/9 seems to reside in IgE-specific regulatory T cells 
Furthermore, it is probably at step II that the T cells aff 
B-cell differentiation. | 
After completion of this manuscript we learned that Perlm 
ter and Gilbert’? had found the C, gene in y,- bearing B 
purified from normal spleen using antibody-coated Petrid 
We thank Drs T. Tada and T. Kishimoto for critical re 
of the manuscript and encouragement, Y. Sakagami a 
Nishida for technical assistance, and F. Oguni for pref 
this manuscript. This investigation was supported in pa 
grants from the Mitsubishi Science Foundation, the T 
Science Foundation, the Naito Foundation and the Min str 
Education, Science and Culture of Japan. 
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The investigation of protein-DNA interactions benefits from 
methods for the dissection of chromosomal DNA into "r 
fragments and their subsequent preparation in large amounts™ 
Of particular interest are proteins active in gene regulation and 
their interaction with the control sequences of the respective 
genes’. Recently, we reported’ the purification of the molecular 
nponents of the control elements from the tetracycline- 
sistance (fet) gene located on the transposon TnJ0. The Tet 
pressor inhibits transcription of the fet gene and its own 
ne’. When the fet operator was prepared on a 187 base pair 
(bp) DNA fragment*, the Tet repressor was found to bind 
vecifically to this fragment with a stoichiometry of four Tet 
ressors per DNA fragment’. Tetracycline inhibits this bind- 
and operates in vivo as an inducer for the expression of 
Tni0-encoded tetracycline resistance’*. We now report 
‘mal denaturation experiments of the Tet repressor—fef 
rator complex and demonstrate independently that four Tet 
pressor molecules bind to the 187 bp DNA and stabilize a 
5 bp double-stranded DNA sequence against thermal 
enaturation. 
gure 1 summarizes the location of the biologically active 
ences on the 187 bp DNA fragment. We investigated the 
mal stability of the Tet repressor~tet operator complex by 
ing. the 187 bp DNA in the presence of various amounts 
Tet repressor. A stabilization can only be observed when 
ionic conditions in the experiment are such that the thermal 
turation of the free DNA fragment occurs at a lower 
perature than the denaturation of the complex. Previous 
ts have suggested that the Tet repressor—tet operator com- 
gs stable up to about 65°C (ref. 4) at 0.2 M NaCl, 
A MgCl. Assuming that the stability of the complex is 
J D the thermal stability of the Tet repressor, then the 
-experiments must be conducted at less than 
mM NaC) because the T,, of the 187 bp fragment is 65 °C 
t salt concentration. If, however, the report that non- 
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: 2 et repressor Transition I 
crc MEX 107) TG % Area TinCC) 
87 bp tet operator DNA fragment 
: 0 56.8 100 en 
os O | 58.3 70 59.5 
ee. Snr 59,3 36 60.5 
CBB 0.8 18 61.8 
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Table 1 Melting temperatures and area analysis of the thermal denaturation experiments 


Transition H 









Inactive 


Fig. 1 Schematic presentation of the biologically active Toci on ee 
the 187 bp tet operator DNA fragment (represented by the box), = 
The recognition sites for the. restriction endonuclease Xbal, Hincll 
and Saullla are indicated, The Hincll. site is  prierted ore pt 





















of the Tet repressor - with: DNA. it t would: be 
guish AE N from specific binding. Fi 


DNA fragments. Figure 2a shows the melting a curves ‘of the 
95 bp DNA nR containing the Escherichia coli lactose. 





line) Tet repressor” 9, This experiment:$ se 
nonspecific binding. The data reveal that the 
fragment is increased. by 3. 2°C in the pres 
repressor. This effect may be caused 
binding of the Tet repressor to the DNA 
in the ionic strength resulting from. addi 
solution, or a combination, of the t two. | As $ 








cause this elevated Ta ED 
pogu 2b shows the E dependence of therma aked 


a a coaperetiye transition (solid line), ye: 57 be D in n the. pres- 4 
ence of a twofold molar excess of Tet repressor over 187 bp. 
DNA, three melting transitions can be distinguished (dashed 





Transition HI Ratio of 





% Area TCC) % Area arealll:areall 
4 a 7 cre E 
33 67.5 49 eq Bale 
39 67.5 61 be 
39 67,3 61 



















ace of afo fold nete excess sof Tet repressor over 
DNA (dotted line), all the 187 bp fragment melts as the 
stein-DNA. complex i in transitions I} and HI. 
-Table 1 summarizes the results from this experiment, carried 
out witha range of Tet repressor concentrations, together with 
_ the data from the 95 bp melting experiments. Three conclusions 
may be drawn. (1) Whereas the area of subtransition I decreases 
and those of peaks II and HI increase with increasing Tet 
_ repressor. concentration, the ratio of the areas under peaks II 
d Ill remains constant, indicating that peak IT always results 
the: denaturation of 62+7 bp and peak II from that of 
-T bp. } or the conversion of peak areas to number of base 
ata ea of se meling | transitions of a given species 


















Dat of Tet repressor (-----}. \. The only effect of the 
mg is a nuk of the Tn from 62.4 4 to Aes 6°C. In both 



















of the Sisicin sl on b, Melting t transitions ‘of the 
į operator DNA fragment in the presence of various 
of Tet repressor. The 187 bp DNA alone (—) melts in 
ooperative transition designated I. The concentration of 
Ce mae in all P was 1.1 x 10" TM. In the 


to raiment, R effects probably arising from 
ent in the Tet repressor solution shift the Tm by 2.5 °C. 

rom he experiment in the presence of 4.7 x 10° TM Tet 
or i= $ suggest that transitions IT and HI arise from 










occurs un : i peaks TP and II. The amount of acne Tet repressor 
inthe protein Preparation used for this experiment was determined 

by titration with “H tetracycline assuming a stoichiometry of 1:1 
for: the, ‘Tet repressor-tetracycline complex as described pre- 
sly’. The salt conditions in the thermal denaturation experi- 
were 3.5 mM NaCl, 5 mM sodium cacodylate, pH 7.0, and 
DTA. Electrophoresis of the samples on 5% acrylamide 
ind. after the thermal denaturation experiments 
absence of any degradative activity during the 
The thermal denaturation was measured using a 
ere at 260 nm. The cuvette was 









resulting from specific binding of the Tet repressor to 
operator region. This specific stabilization is strong enoug 
disrupt the cooperativity of the melting process. Unoccu 
sequences melt under transition II. They are more stable t 
the free DNA melting in transition I because they are nex 
the stabilized repressor-operator complex. Therefore, 
single strands cannot dissociate, and this accounts for 
difference in Tm between transitions I and II. (3) The: Ta 
peak II does not increase over 67.5 °C. This temperature m 
therefore be the denaturation temperature of the Tet repressor. 
tet operator complex. Thermal denaturation experiments witt 
increasing ionic strength (data not shown) reveal that the stabil. 
ity of the complex is hardly affected by the salt concentratio 

Based on this interpretation, the analysis of the melting curv 
in the presence of increasing amounts of Tet repressor shoul 
yield a binding curve for the Tet repressor—tet operator cor 
plex. If the fraction of DNA bound to the Tet represso 
calculated from an area analysis of peaks H and IH wit 
areas of peak I representing the fraction of free D 
binding curve displayed in Fig. 3 is derived. The. result 
a stoichiometry of 3.6 Tet repressor molecules per D 
ment, which, considering the uncertainties involved i 
mining the active fraction in a given. protein preparatio 
be interpreted as a 4:1 stoichiometry in the Tet repress 
operator complex, 

In the E. coli lactose genetic control region, the stability 
the DNA is correlated to the genetic functions of the region 
The binding sites for cyclic AMP receptor protein and R 
polymerase are located in one cooperatively melting | i 
region of the DNA, on the boundary of which is the lac repre 
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Fig. 3. Binding curve of the 187 bp tet operator DNA fragment 
to. the. Tet repressor. The areas of peak I (Table 1) for different 
Tet repressor concentrations were analysed to yield the concentra- 
ion of bound 187 bp DNA, which was plotted versus the total 
Tet repressor concentration, The resulting binding curve indicates 
quantitative binding in these conditions. The stoichiometry 
obtained from this curve is ~3.6Tet repressors per 187 bp 
: fragment. 


inding site™®. A similar arrangement has been reported for 
e fet gene regulatory region on Tn10, where the operators 
ind promoters are located on a 140 bp cooperatively melting 
yart of the DNA”. Our demonstration here of the specific 
ilization of this operator—promoter sequence by the Tet 
ssor suggests that transcription is regulated by a change 
stability of the double strand. In this view, a repressor 
d be expected to increase the stability of the double strand, 
tich we have indeed shown to be the case, whereas an activator 
i have the opposite effect. 
data presented here suggest that the Tet repressor rec- 
es a double-stranded conformation of the tet operator 
|. is considerably stabilized in the complex. A possible 
orm structure of the fet operator would involve single- 
nded regions of the DNA, but such regions could not serve 
Tet repressor binding site because a lower Tn would be 
licted for a single-stranded binding protein complexed to 
4” The thermal denaturation of the Tet repressor-tet 
rator complex serves as a new method to monitor specific 
plex formation because the free and bound DNA is clearly 
nd the dissociation rate constant is low enough for the 
tion of each to be determined’. The constant stoichiometry 
the titration implies strong cooperativity of complex 
on. Cooperativity in repressor—operator binding has also 
observed for the A repressor’, Because there may be two 
tor regions on the 187 bp fragment®, it remains to be 
i whether this cooperativity is the result of protein-protein 
ontacts or of a conformational change in the DNA on binding 
irst Tet repressor. 
We thank Dr H. G. Gassen for stimulating discussions and 
itinued support and Mrs E. Rénnfeldt for helping prepare 
1e manuscript. This work was supported by the Deutsche 
orschungsgemeinschaft. 
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The characteristic shape of bacterial cells is maintained by the es 
strength and form of the murein layer of the cell wall’. Thus, 
rod-shaped bacteria need to synthesize a rod-shaped murein. ? 
The shape of the murein may be determined by the properties ` 
of the penicillin-binding proteins (PBPs) that catalyse theinser- 
tion of murein precursors into the cell wall’. In Escherich 

coli inhibition of PBPs produces characteristic effects on bat 
terial morphology. For example, inactivation of PBP 2 re 
in an inability to synthesize cylindrical. murein during 











report bere that osmotically stable spherics al 
also be e T an increase in the 

















E that remove the tenninal p-alanine: fom the | pen- i 
tapeptide side chains of the murein™?, The PBP 5 gene (dacA 
is carried by AdlipS*. DNA from AdlipS was diges' 
with Sau3A and fragments of 1-5 kilobases (kb) 
and inserted into the BamHI site in the. tetracy 
pene of the low Kopya number: phsmidp psc 105 





eaydne resistance gene, was d as: 
Figure 1 shows the elevated level of PBP 5i 
compared with C600 .(pBS32) control cells. = ~ 

E. coli C600 (pBS25) grew as spherical cells in all med 
tested (Fig. 2) and plated with low efficiency on ‘nutrient agar 
but plated normally on minimal media. To establish that the. ¥ 
spherical growth of E. coli was a direct result of the elevated 
level of PBP 5, rather than of the product of some other gene o 
on pBS25, we subcloned the dacA gene on a 1.5-kb EcoRI- 
BamHI fragment into a derivative’ of pSC105. E. coli C600 
carrying the resulting plasmid (pBS42) also grew as spherical 
cells, Insertion of DNA fragments into unique Bst EI, Salland 
BglII sites within the 1.5-kb dacA fragment inactivated dacA 
and in each case these plasmids had no effect on cell mor- 
phology. Similarly, a series of deletions extending: from the 
EcoRI or the BamHI ends of the dacA fragment in pBS42 —__ 
were constructed, and in all cases plasmids with deletions 
extending into the dacA gene had no effect on cell morphology, — 
whereas deletions that left dacA intact produced a spherical 
morphology. Spherical cells therefore result from the elevated _ o 
levels of the dacA gene product, PBP 5, i 

E. coli cells that are rod-shaped. at: 30 con ‘and: ‘become 
spherical at 42 °C have been obtained by placing the expression 



























yr’: This strain evi 






- Cross-linkage : Pentapeptide da js 
W Old murein in new murein (%) activity (LH | 
on 3413 32.441.9 2.5 10.1 
30,241,7 32.8+1.7 1.5 37.8 


JS uCi on 50 ci mmol” J t to an absorbance at 578 nm : of 0.6. Cross-linkage i in new murein: cells were grown at 37 °C in minimal medium contalitiig saa 
— 60 jeg ml” ‘) to. an absorbance at.578nm of 0.6 and samples (4 ml) were labelled with “H-diaminopimelic acid (30 uCi mi +} for 4 min, The labelled cells we 
_ processed as described previously®, except that digestion with lysozyme was preceded by a 6-h incubation of the murein with amylase (100 pg mi’), and the lev 
. the cross-linkage was determined as described previously. Values given are the average of eight separate experiments. The pentapeptide content of the newly mserte 
üre was determined ‘as described elsewhere’. In each of four independent experiments the pentapeptide level in C600(pBS25) was 48-73% of that in CO00(pB 
‘ although the variation ‘between experiments was rather large. Crude extracts from sonicated cells suspended in 0.5 M Tris-HCI buffer (pH 8.6) containing 2% T 
e used to determine carboxypeptidase activity which was assayed by measuring the release of '“C-p-alanine from UDP-N-acetylmuramy!l pentapeptid 
prion pralanine — activity 21 e p.m. _ per pmol}. T he reaction mixture contained 0.5 nmol labelled substrate, 0.1 M Tris-HCI buffer e 6 


ng ol the murein of E. coli occurs in two stages’. 
on of murein precursors by transpeptidation, cata- 
olecular weight PBPs*"'*'’, results in a low level 
iking in the newly inserted murein. Subsequently, 
ss-linking of the inserted murein occurs to produce 
ross-linking characteristic of the mature wall. AS 
level of cross-linking in the newly inserted murein 
His of C600 (pBS32) was lower than in old murein 
Che > level of cross-linking in the old murein of the 


Fig. 2 Morphology of E. coli C600 (pBS25). Electron micrograp 

negatively stained C600 (pBS32} (a); and C600 (pBS825) (b). Cells we 

grown at 37°C in minimal medium containing kanamycin (50 ag m 
Scale bars, 1 um. 


mecillinam (a specific inhibitor of PBP 2; ref. 12) than in 

cells. The effect on cross-linking occurred within a few 

of the addition of mecillinam and well before any shap 

could be seen (Fig. 3). Similar results were obtained u 
temperature-sensitive mutant, SP137, which becomes sph 

at 42°C due to inactivation of a thermolabile PBP 2 (ref 

The cross-linking in new murein was 30% higher in SP137 cells 
shifted to 42 °C for 40 min than in rod-shaped cells of SP1 
maintained at 30°C. 

These experiments demonstrate that the production | of 
spherical cells of E. coli by two completely different methods 
results in the same abnormality of murein synthesis. How. dt 
inactivation of PBP 2, or overproduction of PBP 5, result in a 
higher level of cross-linking in newly inserted murein 
growth as spherical cells? It is unlikely that PBP 2 acts dir 
by modulating expression of PBP 5, or vice versa, as no char 
in PBP 2 activity have been found in cells with elevated PB 
5 and no changes in PBP 5 activity accompany inactivation of 

we PBP 2. | | a 
Gi < Overproduction of PBP 5 in E. coli C600 (pBS25). C600 (pBS32) One possibility is that PBP 2 is a component of the enz 
d A’) and C600 (pBS25) {B and B’) were grown to late exponential system that incorporates new murein for cell elongation, 
minimal medium containing kanamycin (50 wg ml’) at 37 °C and that in its absence murein synthesis occurs entirely via t 
eps PBPs Hever igs as described apie ie fal a 
Pao responsible for the. synthesis of hemispherical murein 
g cell dis ision. ‘The latt system vale PBP 3. 








of dimers C3-C4) 
i | 
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Fig. 3.. Effect of mecillinam on cross-linking of newly inserted murein, E. 
coli PA3092° was grown in minimal medium at 37°C to an absorbance at 
‘$78 nm. of 0.4 and was pulse-labelled with *H-diaminopimelic acid 
{25 pCi ml"') for 4 min, before addition of mecillinam, or at various times 
after the addition of mecillinam (1 pg mi’). The cross-linking in newly 
i inserted murein was measured as described in Table 1 legend. 


ems to be a murein synthetase-transpeptidase'*, and may 
sert murein precursors into the wall with a higher degree of 
98-linking than the cell elongation system. Overproduction 
BP 5 could result in spherical cells because the excessive 
val of terminal D-alanine residues from murein precursors 
convert them to a form which cannot be utilized by the 
in system involved in cell elongation, but which is the 


il division system might require precursors with tetrapep- 
ide chains that act as acceptors in the cross-linking reac- 
as occurs in Gaffkya homari '*, whereas, in cell elongation, 
rsors with pentapeptide side chains may be required to 
as peptide donors in cross-linking. Increased conversion of 
eptide side chains to tetrapeptide side chains in murein 
rsors would stimulate cross-linking by the cell division 
,and suppress cross-linking by the cell elongation system, 
‘in spherical growth. 

stingly, the suggestion that D-alanine carboxypeptidase 
ay be implicated in the switching between cell elonga- 
and cell division has been proposed from completely 
ent experiments that showed a high level of car- 
ptidase immediately before cell division and a low level 
s that elongate without dividing'*"*. 

his work was supported by MRC project grant G978/99/C 
B. G.S.). We thank D. Mirelman for a gift of labelled 
p P-N-acetylmuramyl pentapeptide, and J. Deeley, H. Frank 
I Sauter for technical assistance and electron microscopy. 
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Previously we have developed an in vitro system that synthesizes a 
infectious single-stranded (ss) DNA bacteriophage @X174 
from purified phage components’. This system provides anassay 
to examine the function of each viral component in the phage — 
synthesizing reaction. In this report, we show that the specificity _ 
of the template DNA for the phage synthesizing reaction is __ 
determined by the specific region of ®X174 genome. Plasmid _ 
DNAs carrying the origin of ss DNA synthesis of ®X174 are 
active as templates in the in vitro system and produce particles. n$ 
containing ss plasmid DNA packaged into ®XK174 capsids. The _ 
orientation of the ®X174 DNA fragment carrying the o rig n 
determines which strand of the plasmid is packaged Che par 

cles synthesized in vitro are infectious 174-51 
Escherichia coli and introduce ss plasmi 
cells. The ss DNA is converted to ds plastai 
in the cell. 

In E. coli cells infected with ©X174, ss 
to double-stranded (ds). replicative form. (I 
then multiplied by semiconservative replic 
late stage of infection, asymmetric ss DNA 
This DNA synthesis is coupled to the encap iss D 
into preformed proheads to form infectious phage particles. al 
Both semiconservative replication of RF DNA and asymmetric 
ss DNA synthesis are initiated by the nicking action of | 
gene A protein at a specific site (A site) on the vi 
®X174 RFI DNA“. The A site also oe | 










which is maintaine i 


























(cinnt its template: activity in nthe in vitro > hs 
system. 3 


Hin aeaa PXI 174 RF DN A (4, 200+ to 4,8: 
et al’s map)", which contains the A-site sequence, w 






Plasmid DNAs containing ihe fragment } in either dice ion were - 
isolated (pH24R and pH24L). Plasmid pH13, which contains - 
fragment IH from a restriction endonuclease Haelll digest of 
X174 RF DNA (4,948 to 434 of the Sanger et al.’s map) 
inserted at the EcoRI site of pACYC184, was also isolated for o 
the control experiment. i. 
The in vitro phage synthesizing system described previously! o 
was used to examine the template. activity of these. plasmid 
DNAs (Table 1), Both pH24R and pH24L were as active as 
®X174 RFI DNA in supporting ss DNA. synthesis andin 
packaging newly synthesized ss DNA into proheads. The parti- ` 
cles synthesized in these reactions were infectious to DX174- - 
sensitive E. coli as judged by the transduction of tetracycline ee 
resistance (Tc') carried by pH24R and pH24L. Th e synthesis- — 
of ss DNA and infectious particles required the same com- | 
ponents as for the PX174 RFI DNA-directed phage synt 
that is, template DNA, purified ®X174 gene. 
C e Seng J protein, prohead and. ur 




























oe i ss DNA | 
Template DNA Omission | synthesis 
bX174 RFI None 
i ee pH24R None 
3 e a n <a A protein 
C protein 
J protein 
Prohead 
Host protein 
fraction 
None 
A protein 
C protein 
J protein 
Prohead 
Host protein 
fraction 
pHi3 None 
pACYC1384 None 
None None 


Purified ®X174 gene A protein, ẸX174 gene C protein, 
gene J protein, ®X174 prohead, ®X174 RFI DNA and E. coli pr 
Pa ee fraction were prepared as previously described’, Plasmid DN 

e 7 as templates were isolated by the method of Burnboim and Doly 
<}-——~ FcoR! site further purified by methylated albumin column chromatogra] 
N A site vitro reactions using 1 pmole of $X174 RFI DNA {mol 
3.4% 10°) or 1 pmole of plasmid pH24R (3.04 x 10° dalton: 
: (MW3.04 x 10°), pH13 (MW3.20x 10%), constructed in 
i A of E. oh HES704 with the described in the text, or pACYC184 (MW?2.65 x 10° } were pe 
formed as described in Table 1 using either in the phage-synthesizing reaction mixture (25 yl) as described 
EC DNA as template. DNA was isolated from for 30min. The ss DNA synthesis is represented as. 
J y the method of Birnboim and Doly”. DNA deoxyribonucleotides incorporated into acid-insoluble, DNa 
dare: a, pACYC184; b, pH24R; ê, pH24L; d, tant materials in a 25-1 reaction me ee t 
öm Te-resistant cells infected with in vitro parti- the DNA that has been packaged into proheads’. The inf 
in the pH24R DNA-directed reaction; e, DNA the product directed by X174 RFI DNA as template was 
c-resistant cells infected with in vitro particles by plaque assay using E. coli HF4704 (sup*) as indicator bacte 
e pH24L DNA-directed reaction. A, approxi- is represented as plaque-forming units (PFU) per ml of reactio 
each DNA was electrophoresed in a 1% agarose The infectivity of the products directed by plasmid DNA 
borate buffer’? oe trisma core 0. she p EDTA mined by infecting HF4704 with dilutions of the reaction mixtu 
spreading on LB-agar plates (10g tryptone, 5g yeast extract,- 
and 15g agar per 1) containing 20 wg ml tetracycline. The inf 
is represented as the number of Tc-resistant cells produced. pe 
reaction mixture. 


T ih C RE y a ae of en DNA v was eee NEN EN 
uth Endonuclease Hinfl or 4 Be of each DNA with Table 2 Hybridization experiment of in vitro packaged 


ned ou ae aaide. methylene DNA source 
else = .29.2:0.8) slab gel containing 5% {v/v} glycerol in 
Tris-borate buffer at 10 mA for 16.5 h. ÞX174 RF DNA digested pH24R* + pH24R" 
ith endonuclease. Rsal was electrophoresed as markers for PH24RY + pH24L 
jolecular weight (panel g) and the number of base-pair of each pH24L* + pH24L 
fragment is shown. D, Schematic representation of the structure 
of pH24R and pH24L DNA. Each number shown is the position 
of Sanger et al.'s DNA sequence of DX174 genome. Hincll sites 
of ®X174 RF DNA (4,200 and 4,812 of the Sanger er al.’s map) 
were attached to EcoRI linkers and is represented as EcoRI sites. 
Bes Gels were EP ppiorsaphed under UV light after ethidium bromide 
: staining. 


pH24L DNA were performed as described in the legend to Tab 
except that the volume of the reaction mixture was 250 ul. Afte 

of reaction, DNase I was added to a final concentration of 0.1 

and the mixture was incubated for another 30 min. Pronase and s 
dodecylsulphate were then added to final concentrations of 0.5 me 

and 0.1% respectively and the mixture was incubated at 37°C for 3} 
DNA was extracted by the hot-phenol procedure’ . Each DNA sam 
oa: (3,250 c._p.m,) was mixed and the mixture was adjusted to 35% for 
DN $ in the e particles synthesized in vitro directed io pH24R mamide and 0.2 M sodium acetate (final volume 40 jl). After incubatin; 
: Psa at 35°C for 13 h, 160 pl of water and 20 ul of S, nuclease solu on 
(40,000 units ml” single-stranded specific nuclease $,, 30 mM sodiu 
acetate, pH 4.6 and 5mM ZnCl.) were added and the mixtur 
incubated at 37°C for 1h. Ice-cold trichloroacetic acid (7% }-p 

able counts were taken as hybridized counts. pH24R*, DNA extra 
from particles synthesized in pH24R DNA-directed reaction; pH 
DNA extracted from particles synthesized in pH24L DNA-di 
reaction. : 


Figure 1A shows that ca DNA isolated 
: fection with the in vitro. particles (trans- 
ite 7 $ al eae DN vA: aR aaro 


-orientation (Fig. 1D). The pattern produced by digestion 
‘ Hinfl and. T ishor j t Abite sequence i is 
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w wine in vivo 








ony, 
pH24. 
amand 
\ se Infection 
> -_—> rien ae 
Te 
Transducing porticie pH24R 


v Gene A protein 


—» Gene A site 
No replication 


Prohead 


3.2 Schematic representation of synthesis of infectious trans- 
cing phage in vitro. In the phage synthesizing system in vitro’, 
X174 gene A protein cleaves the viral strand of ®X174 RFI 
NA at its origin of replication (A-site) to form open circular RF 
RFID DNA whose 5’-terminus is covalently attached to gene A 
otein*®. The RFH DNA-gene A protein complex then associates 
th prohead and ss DNA synthesis occurs by a looped rolling- 
e mechanism’. Host proteins and gene C, gene J proteins of 
174 are required in these processes’ (not shown in figures). 

-displaced viral strand is encapsidated into prohead while 
A synthesis is occurring. When one round of DNA synthesis 
ompleted, gene A protein cleaves the viral strand and joins 
two ends to form a phage particle containing a circular viral 
nd°. Phage particles synthesized in vitro are infectious to 
'4-sensitive E. coli cells. After infection, the circular ss DNA 
rted to ds RF DNA, which is multiplied to produce progeny 
ecules, In the late stage of infection, progeny RF molecules 
s template for synthesis and packaging of ss DNA to 
duce phage particles by a similar mechanism as in vitro reaction. 
the pH24R or pH24L DNA-directed in vitro reaction, @X174, 
A protein cleaves either one of the strands of the plasmid 








plex. After associating with prohead, asymmetric SS DNA 

ssis occurs as in the case of the ®X174 DNA-directed 
eaction.. Depending on the orientation of the A-site fragment, 
of the strands of plasmid DNA is specifically displaced and 
ncapsidated into prohead. Thus pH24R or pH24L DNA-directed 
tion produces infectious particles in which complementary 
ircular plasmid ss DNAs are packaged. After infecting ®X174- 
Sensitive E. coli. cells, the plasmid ss DNA is converted to ds 
lasmid DNA, which is multiplied and maintained in the cell. As 
a result, tetracycline-resistancy carried by pH24R and pH24L is 
transformed to E. coli. cells. Neither pH13 DNA nor pACYC184 
DNA support synthesis or packaging of DNA due to the lack of 
iste the A-site sequence in these plasmid DNAs. 


in the transducing particle is converted to and maintained 
is form in the cell. The maintenance of the transduced 
d probably occurs via the plasmid replication pathway 
use-it depended on the presence of polA1 protein (data 
shown). 















$X174 phage 





i synthesis and packaging of ss. DNA from. pH24R and _ nev 
T24L to produce transducing particles. also occurred in vivo 406 
hen cells harbouring these plasmids are infected with wild 407 
pe- 9X174. The taler IHE phage apparently, ‘provides: the 2 



















































maa mial Li. ‘of | SS ; DNA able” to. be “pac 
prohead structure—an important parameter for 
phage morphogenesis. The system described in this re) ort also 
provides some applications in the molecular cloning of DNA. see 
The efficiency of infection of particles containing plasmid DNA - 
(as measured by the transduction of the drug marker) is as high _ 
as the efficiency of plating of phage, thereby providing et gir 
magnitudes higher transfer efficiency of plasmid DNA into cells 
over the conventional transformation method. The strand 
separation of plasmid DNA resulting from its packaging may, ; 
also be useful in DNA sequencing. A 
We thank R. K. Hamatake for critical feading of this manu- d 
script. This work was supported by NIH gair GM12934 and 
NSF grant PCM8011741 to M. H. | 
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Errata 


In the letter ‘A 2-D model calculation ota atm sphe | 
times for N,O, CFC-11 and CFC-12’ by M. K: W: Kovand | 
N. D: Sze, Nature 297, 317-319 (1982), figures. 2 and 3 have. 
been transposed., 


In the letter ‘Helium isotopic systematics of oceanic islands - 
and mantle heterogeneity’ by M. D. Kurz et al. Nature: 279, che 
43-47 (1982), on page 45 the first..two~ lines (with: 
age... degassed of *He) should be transposed to the bottom si 
of the column. 








Corrigenda 


in the letter ‘Structural alterations in J regions ot moue. 
immunoglobulin A genes are associated with differential gene 
expression’ by J. Miller, E. Selsing and U. Storb, Nature 295, 
428-430 (1982), the sequence of the dJA 2 recognition nanomer. 
is incorrect as shown in Fig. 2. The sequence: should read 
GGATCTTGC. This change (underlined) only s ‘in a 
closer resemblance of the dJA2 recognition . sequence: 7 
consensus, making dJA2 more like #JA3 and, therefore, more. 2 
likely to interfere with functional VA 2-CA2 joining. Thus, the w 
error does not affect the conclusions presented, : 






















In. the letter ‘Electrophysiology of mamma A 
















Tuis solid book falbiost 900 pages in length) 
is essential reading for everyone at all 
interested in evolution, in biology or its 

: in science in general. Ernst Mayr 
Seu at to the modern 










in evolutionary 
ight expect him to 
produce a far more: balanced, 
penetrating and illuminating 
-could most others. 
he book as a whole, it 
o expectation. 
erned with the 
ire of biology 
ong the sciences 
evelopment of 
s within it. The 
how to write the 
logy, and the 
er, ‘The Place of 
Sciences and Its 
eture’’, develop 
thodology and 
7 m nature of 

























ai science of Science” 
ing Aa much of his 


ET OE 


falls into nines parts: “Diversity 
of Life”, “Evolution” and 
“Variation and Its Inheritance” 

Each of these is a fascinating 
history, from earliest times virtually up to 
the present, of taxonomy and systematics, 
of the idea of evolution, and of the various 
theories of inheritance up to the modern 
eey of the EER of DNA. The 






jl cluding the e to dis- 
1 between words of similar sound, 
yortant and useful their distinc- 
eaning; and if the proofs I have 
“any guide, there is a near- 
: betwe n alternate and 
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orcupine biology | 


A.J. Cain 


The Growth of Biological Thought: Diver- 
sity, Evolution, and Inheritance. By Ernst 
Mayr. Pp.896. ISBN 0-674-36445-7. (Har- 
vard University Press: 1982.) $30, £21. 


prise over Darwin’s procrastination — 
“one would think that he would rush this, 
the most important theory in biology, to 
the printer as quickly as possible’’, (p.420). 
A peculiarly Mayrian trick is constantly to 
put words in inverted commas (sometimes 
totally unnecessarily) to warn the reader 
that he does not mean quite that. But what 





exactly then does he mean? There is no 
place for inverted commas in scientific 
prose except to mark quotations. 
Nevertheless, this is criticism at a high 
level. There is no dullness in the book and 
very little obscurity, but for whom was it 
written? Mayr indicates (p.19) that 


it is not technical to the extent that a layperson 
would have difficulty with the exposition. It is a 
major advantage of the history of ideas in 
biology that one can study it without a back- 
ground knowledge of the name of a single 
species of animal or plant or of the major 
taxonomic groups and their classification. 
However, a student of the history of ideas must 


acquire some ene of the dominant 
ers in ays PE 










eA? a Gale + 
LEAFY COMEX 
L Bageari era OF 
A Cerys! bs qikew ing 

a Ghee cal Packer ebony | 

3 Pio ey F eisai Eiz namai 
Prince (GnewPDarwhrs daughters waned” ; 
to omit Falstaff from Henry IV). The 
history of biology without a knowledge o 
the material generating and checking the 
concepts is precisely that useless anc 
emasculated history of to-ing and fro-in 
of concepts, so tiresome and uninf 
mative, which is produced when histor 
and philosophers write histories 
biology. At that rate science become 
bad as philosophy. In science one must no 
only generate new concepts; they must b 
shown to be applicable to the real world 

Fortunately Mayr does not ac 
on this ruinous precept. One 
the virtues of the work is th 
does cope, though not alw: 
sufficiently, with what con 
that part of biology (or any o 
science) which really is se 
namely the actual materials 
phenomena investigate 
glossary of four whole pag 
inserted to help the “‘layperse 
but when one finds- 
mastodon is in it, but 
stochastic, Fragestellung, di 
ichthyosaur, phenetic, euphor 
chorda, Bauplan or Urpfian. 
and that quinarian appear: 
p.102 but is not explained 
. p.202, Down’s syndrome 
$ p.581 with explanation onl 
p.759, neither being it 
\# glossary, it becomes eviden 
ay Mayr is really writing fo 
$e) son, Dobzhansky, Huxl 
other professional students 
is not surprising. It is extrem: 
difficult to abandon on 
habitual universe of discours 

Moreover, it is a very go 
thing that Mayr has not done. 
He remarks himself that historians are no 
always aware of how complex biologic. 
concepts are. It is one of the great strength 
of his book that he frequently gives tabu- 
lated or listed components of particu 
theories or concepts, in order to disen 
tangle the numerous themes involved i 
them. I for one would be delighted if thi 
book serves to put off a whole lot o 
intellectuals intending to burst into print - 
on evolution and related topics. oe 

In his exposition of his approach, Mayr 
includes an amusing personal apologi 


(pp.9-10): . 
w neneve onn I have ne a synth 
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and usan Cullen 





‘An inescapable lesson of contem- 
-porary medicine is that when treat- 
ent of a given disease is ineffective 
‘or where costs are insupportable, at- 
-tention must be given to prevention.” 
i from the introduction. 





This book was written by distinguished 
ysicians, lawyers, psychiatrists, 
scientists, and economists, and is 

è result of a series of symposia on 
medical effects of nuclear 
ons and war. 
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print), Those Americans who in spite of 
their rugged frontiersman images have not 
had the guts to stand up to him have only 
themselves to blame. Nevertheless, even 
Mayr admits that this strategy is debatable. 
It all depends on whether it generates more 
heat than light, and a good deal of 
avoidable heat is going to be produced by 
critics of the book. Still, it must be 
admitted that a clear formulation of wrong 
ideas can be a real help in the advancement 
of science, as with Lyell (p.495). As Francis 
Bacon said, we can learn from error, not 
from confusion. Wynne Edwards has done 
similar service in his discussion of group 
selection, as has Popper in the method- 
ology of science. (Mayr does not notice 
their subsequent retractions.) 

Mayr is fully aware — how could he not 
be? — of his own magistral position in the 
modern synthesis, and some references to 


himself, e.g. p.449, are not quite as modest 
as are his remarks about his own limita- 
tions (e.g. pp.7, 400). The limitations a- 
man is aware of, he can do a - 


about; it is those he is unaware of that are 
serious, Three seem to me particularly 


notable. One is his lack of experience in- 
handling plants. The book is a zoologist’s 
book, even where plants are mentioned. | 


Some of his harsher remarks about de Vries 
could not have been written by a botanist, a 


horticulturist or even a- gardener. The 
varieties one actually finds in plants are. 
either fluctuations or modifications, until TE j 
good deal of work has been done on them. 
‘So-called ‘difficult’ genera like Rubus or 
Crataegus” (p.263), are difficult, and the- 


difficulty cannot be surmounted by seiting 
them aside. Similarly Mayr fails to 
appreciate the strength of botanists’ objec- 
tions to Weismann (which affected some 
zoologists as well), and his references to 
polyploidy and. allo-tetraploidy in plants 
(pp.361, 645) are as perfunctory as in his 
contributions to. The Evolutionary 
Synthesis (Harvard University Press, 


1980). To call polyploidy a special case in- 


speciation is to provoke. botanists in quite 
the wrong way. They might well ask 
whether birds and insects are not special 
since they manifest so little of it. Equally, 
single-gene bases for sexual isolation have 


_ Secondly, he i is not particu ul 


Í Press, 
been known for along time in plants; that |. 
only a small part of the genotype is.con- - 
cerned is not such a discovery a as Mast at 
seems: to think (p.605). | 












leading exaggeration. TE 

Thirdly, and perhaps most important, he 
has never worked on natural selection, only — 
on the consequences of it. ‘He misses | 
throughout the book one of the most extra- 
ordinary facts about work on evolution, — 
namely that hardly anyone has done any- 
thing on natural selection in the wic 
Almost every worker has talked about it _ 
often at a great length and with subtle _ 
mathematics, but very few have had any ex- 
perience of it actually in action and much _ 
of the recent talking has been little better. 
than politico-religious. propaganda. If 
indeed one wishes. to. confine. oneself. to 
concepts, one can go on treating the 
questions raised virtually as ideological, 
which also can generate heat, but hardly 
light. The treatment of the actual role of 















book like it git range A Nod ant insight 
into the nature and development of these 
three major biological themes, and the 
ee and position of iology 


] sm and typo- 
K population 









Book. o is s trivial, Rad] a A fope 


a priorist, Nordenskiold a religiou z 
propagandist. : 
One could of course dist a considerable 7 
number of minor, or not-so-minor errors; 
some are almost inevitable ina book of this- 
scope, but I will confine myself to four, 
answering Mayr in his own style. _() p. 25: 
“The Greeks always looked for rational ex- 
planations in the world of phenomena”’. 
This is pure typological. thinking; most did, 
not, and of the few that did, some hada 
pey bad time because of it. hee R. 






















1951). OF pp. 361 362: 
Enlightenment ended, soto speal 
‘French Revolution - Dae It Aida 



























reliability of testimony: in 
there is one’s own experience, the 
ersonal witness of: acquaintances, and the 
testimony of others in papers and books. 
(One is unique in this respect in being the 
pestimony: of the Aithor of Creation, and 
















w. obvious reasons, metal- 
dations have strong attrac- 
dustrial chemists, who can 
ainly: be helped in their task by 
ding of how nature works; for 
probably not an exaggeration 
ta full understanding of how 
e P450 acts in the living cell 
Ip an industrial project aimed at 
atalysing the aerial oxidation of benzene 
henol. 
-Tn this book the task of unification has 
been undertaken by two men who are well 
suited to it by virtue of both their 
complementary fields of experience — 
industry and: academia — and their 
distinguished activities as researchers in the 
field. Thy have succeeded admirably. 











y pe oxides, by oxometal 
i so. oan and then to describe 


















| 4 ind it “exceedingly stimulating, not to “ 
say infuriating. It has as many points asa. o 










porcupine, for intellectual aggression, not” 













defence. There will be a lot of love-hate 
relationships engendered. I love it, t, spikes 


and all. Ta ae 


reson poms 





A.J, Cain is Derby Professor of Zoology at the 
University of Liverpool. 


of arenes by cobalt(II] on p.122 is repeated 
on p.319. This may irritate some readers 
but, by and large, it serves to reinforce 
one’s knowledge and understanding in 
proceeding through a complex subject. 
The coverage is enormously compre- 
hensive, including details of reactions 
catalysed by (salts of) 33 metals, with well 
over a thousand references, including some 
from 1981. To some extent, then, the 
account reads more like a review than a 
textbook. The disadvantage of this is that 
little, almost trivial, points are occasionally 
included for completeness and slightly 
upset the flow and development of the 
major themes; but this is certainly 
outweighed by the advantage of having 
such a valuable collection of well- 
referenced information so readily to hand. 





R.O.C. Norman is Professor of Chemistry at 
the University of York. 


Moving pictures 
P.W. Hawkes 


Image Sequence Analysis. Edited by T.S. 
Huang. Pp.437. ISBN 3-540-10919-6; 
0-387-10919-6. (Springer-Verlag: 1981.) 
DM85, $39.60. 








PROCESSING a single black-and-white 
image in a computer requires a substantial 
amount of memory and, all too often, of 
time. If we add colour, the difficulties 
become appreciably but not insuperably 
worse. As soon as we are driven to try and 
extract information from large numbers of 
images, though, the complexity and 
immensity of the problem become such 
that all but the very best-equipped must 
surely blench. Reading between the lines of 


i n this interesting. and detailed discussion of T 

















































by E. Dubois et al.; “Image. pee 
Enhancement” (the editor and Y.P. Hsu) 
‘Image Region Extraction of Movi 
Objects” (B.M. Radig); and “Analys: 
Dynamic Scenes Containing Mult h 
Moving Objects” (J.K. Aggarwal 
W.N. Martin). The final section, 
medical applications, consists of a sin 
chapter on processing medica 
sequences by W. Spiesberger an 
Tasto. 7 
The possible applications of thi 
are, in many cases, of consid 
industrial importance, with the res 
although much abstract and abs 
material is presented, we are repeatec 
brought back down to earth by the sp 
illustrations. In the introduction, 
and Tsai offer the following by no 
exhaustive list of potential applica 
road traffic monitoring; cloud trac 
microcinematography and X-ra' 
quences of moving parts of the bod: 
heart in particular; bandwidth ` 
pression of picture-phone and 
conferencing signals; robot vision 
dynamic monitoring in industry; 
inevitably, target tracking for mi 
purposes. Readers from other field 
have no difficulty in extending this | 
situ studies in electron microsco} 
behaviour of nerves and muscles 
can be few fields where studies 0 
types of change could not. per 
some automation. ane 
Most of the book is conicerne 
image coding and with the study of ta 
change of position, ranging fror n 
position of cars or missiles to the po 
of a contrast medium in a diseased anc 
normal kidney. It is written in such. 
that the newcomer familiar with ‘‘stati 
image processing can understand in detai 
the methods used to analyse t 
“dynamic” situation and, at the sam 
time, the absolute beginner — industrialist 
tycoon, general, doctor — can com 
prehend at least the kinds of problems fe 
which the methods have been devised 
judge whether they will be of any help 
him. In short, this is a meaty, fairl 
readable and eminently useful addition 
the image processing literature. : 






































P. W. “Hawkes. is Maitre de Recherche 
a oired ptique Electronique di 











Th 
clopedia of Earth Sciences, Vol. IVB. 
Edited by Keith Frye. Pp.794. ISBN 
~-0-87933-184-4. (Hutchinson Ross: 1982.) 
$95, £62. 80. 








WHAT. does the non-mineralogist want to 
know about mineralogy? This ency- 
clopaedia sets out to provide the answers 
but of course those answers are determined 
by what the editor conceives the reader will 
ant to know, and that is difficult to 
redict. 

According to the preface, the book is 
ainly intended for the non-mineralogist 
and the advanced professional is expected 
to “have little use for our volume”. The 
scope is therefore wide, and the references 
to mineralogical journals and museums are 
ensive so that inquirers can follow topics 
i greater depth than a general survey can 
vide. Just over 100 writers — most of 
min the United States — contribute 140 
icles, ranging alphabetically from 
asive materials to zeolites. These are 
lowed by a mineral glossary containing 
mut 3,000 entries of mineral groups, 
ies and varieties, including 
ieraloids, in which brief descriptions of 
chemical formula, physical properties, 
urrence and use of each mineral are 
minated by references to relevant 














any encyclopaedia the key element is 
dex. However well organized, erudite 
‘omprehensive the coverage, the 
sation extractable from such a book 
olled by the quality of the index. 
‘al names the index is good, but it 
lequate for many other topics on 
ould-be users could well consult 
ook. The mineralogical composition 
mimon building bricks or porcelains? 
aven the word ceramic appears in the 
index. Which crystals are used in X-ray 
uorescence analysis? What is diffraction? 
ne of these questions can be answered 
consulting the index; some of them no 
ibt lie in other volumes of this 
mmoth series of earth science 
encyclopaedias, of which this is only Vol. 
IVB. Moreover any reference book must 
have omissions vulnerable to criticism. The 
mineralogies of cements and glasses are 
described, however, so the coverage is not 
restricted to natural occurrences. 

Q r my view the book is too technical for 
Een hence it is sigh ala 











sas "Minerelovical Absiracts n= 








je two- -fold disa 


Neyolopediz oF Mineralosy. Eney 


sri the mineral glossary, which | 





occupies a annie of the volunie: 


minerals is that which a mineralogist would 
normally be concerned with, such as 
optical and crystallographic properties. 
Items such as chemical properties (as 
distinct from chemical composition) are 
rarely considered so that the solubility of 
minerals in water, the effects of heating 
minerals together etc. are scarcely dealt 
with, although eight pages are accorded to 
the blowpipe analysis of minerals and five 
to staining techniques, both of which are 
clearly. described. No doubt a major 
problem for the editor was the lack of 
available information of an un- 
conventional type, since most data on 
minerals are provided by mineralogists.and 


the articles were thus largely written by 


them. 


Sex, parthenogenesis and the tangle 


Mark Ridley 


The Masterpiece of Nature. By Graham 
Bell. Pp.635. UK ISBN 0-85664-753-5; 
US ISBN 0-520-04583-1. (Croom- 
Helm/University of California Press: 
1982.) £25, $45. 


““SEXUAL generation’’, wrote Erasmus 


Darwin, ‘‘seems the chef d'oeuvre, the 
master-piece of nature’’. Sex is also one of 
biology’s master-problems, and has been 


honoured by three of the master-works on 


evolution which have appeared in the last 
decade: M.T. Ghiselin’s The Economy of 
Nature and the Evolution of Sex 
(California University Press, 1974), G.C. 
Williams’s Sex and Evolution (Princeton 
University Press, 1975) and J. Maynard 
Smith’s The Evolution of Sex (Cambridge 
University Press, 1978). Graham Bell has 
combined the theorizing and algebra of a 
Williams and a Maynard Smith, with the 
comparative biology of a Ghiselin, to pro- 
duce a book which is, indeed, more than 
the length of the other three put together. 
The Masterpiece of Nature is a pleasantly 
written and important work; it can stand 
with the other three on the shelf, even if it 
does not edge them over into the waste- 
basket as its conclusions sometimes imply. 

First, some praise for the 170-page 


review of sexuality which comprises. 


Chapter 3. It is an immense achievement, 
which systematically reviews the literature 


on sex and parthenogenesis for all the taxa. 
of multicellular animals. 
minor omissions, it will be of. great valueas 
| the only available spas ent y clopaedia 


will be- 
‘useful as a quick guide into the literature. 
The information provided about most 


“Epsom salt and 


Despite a few. 





cumstances of reduced d coñipetitio Re 








minerals, © but 

























































fda will surely fhe le k Ne m 
the list of the Council. members of the 
International] Mineralogical Association 


from 1958 to 1978 is more readily i 


understood. 





The book, then, will bea useful additior p 


to general libraries. But it is too complex. 
for the non-mineralogist and. largely 
repeats information already available in 
numerous, recently. published mineral- 
ogicaltextbooks. © 0 0 cce 





B.E. Leake is the Professor of Geology a ai the 
University of Glasgow, and Honorary Keeper of 
the Geological Collections in the University’ s 
Hunterian Museum. 









asexual EE ‘A mutation whic } 
caused a female bearer to re 


aang would. g0 Vira all its 





neal Advanta tos sex than navith finding out 
which of the existing theories best explains 
the incidence of sex and: parthenogenesis i in 
nature. The facts meet the theories in 
Chapter 4, and Bell’s verdict is that “the 
problem originally set has been solved”’ 
(pp.391~-392) in favour of a theory which 
he calls “the tangled bank”. The tangled 
bank is, in its emphasis, a new theory. It . 
proposes that there is spatial variation of 
the environment; each species exploits 
several niches in space. An asexual clone 
could take over one niche, but then sex may 
become advantageous. The asexual 
progeny must compete among themselves 
within their one, already saturated, niche. 
The sexual progeny are more diverse, and 
so are adapted toa greater diversity of 


niches. Parthenogenesis is, in fact, most _ 





common in empty patches and other çir 




























; : an to i reproduce ao in 
the changed: environment. The sickly 
: resultant. theory he then bullies with “as 
i rigorous a comparative scrutiny as we can 










hen ‘scolds it for silence: he ‘‘receives no 
? aie he for one fact after another, 





with a sing e survivor in, each: Pach: Yet 
| Bell concludes that “this offers little scope 
he dJottery principle”. 
- Bell has deceived himself by his 
dichotomy between tangled bank and sib 
‘best man) theories. But let 
l is.as well. We can sap him 
Iy colo ir ng back in the caricatured ‘best 
ee The hen we won 't be fooled eh all the 








: Sciences Edited. by David G. Smith. 
' Pp. 496. US ISBN 0-517- 54370-2; UK ISBN 
0-521-23900-1. (Crown/Cambridge 
ig tty Press: 1982.) $34.95, £19.95. 


“éncyclopaedia’’ is one of the 
‘in our language, conjuring 
e praise prose, 
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e Encyclopedia . 


is not. The book is sub-divided into six 
fairly broad, distinct parts covering 27 
topics that start with the history of the 
earth sciences and end with the geology of 
the Solar System. Included are accounts of 
such diverse fields as remote sensing, the 
development of life on land and seismic 
reflection profiling. There are no snappy 
definitions or thumb-nail sketches of your 
favourite topic here — this volume is 
definitely not of the ‘‘let’s see what it says 
about such and such a subject” variety. 
Presented instead is a carefully planned, 
well-thought-out, overview of the earth 
sciences. Written primarily by members of 
the Open University, the book seems to be 
a much modified and markedly improved 
version of the popular Open University 
textbook Understanding the Earth, first 
published in 1971. 

Its unfortunate billing as an 
encyclopaedia implies that information 
can be readily extracted from the book, but 
neither its format nor content allow this; it 
may take some time and a little effort to 
pull together information relevant to one 
particular topic. This is especially true of 
mineral deposits; information on the 
subject is scattered throughout many 
sections of the book. 

As an introduction to the earth sciences 
this volume is one of the most exciting 
publications to emerge in the past few 
years, one worth having for the diagrams 
alone —- many in colour. It isa text that will 
probably include among its audience 
scientists outside the field, interested 
laymen and introductory geology students. 
Although not aimed at the professional 
geologist, so much useful information 
abounds in this one volume that even those 


actively working in the earth sciences will 


find something of interest. I would relish 
recommending this book as a first-year 
textbook in the earth sciences, but I can 
already hear the groans as the title is written 
up on the blackboard. 

Nevertheless, someone has had the verve 
and imagination to pull together a great 
deal of information about an area of 
science that is changing at a dazzling speed. 
Such a massive undertaking must have 
appeared formidable to any editor, but to 
plan and create a volume like this in the 
short span of three years is really quite 
remarkable. Its welcoming clarity and 
freshness should do much to intrigue a host 
of readers about the earth sciences, in 
addition to providing a quick refresher 
course to those geologists who, for one 
reason or another, have fallen behind. But, 
remember, it is a book that flies under a 


gavan 


false fag, T : oe 


| A Do not be fooled by the title — -the 
only encyclopaedic feature of this book is 
its breadth and scope. An encyclopaedia it 













Biology of Desert In vertebrates, By Cli 
S. Crawford. Pp.314. ISBN 0-387-108¢ i 
(Springer-Verlag: 1982.) DM89, $41. | 





DuRING the present century, the study of 
desert biology has passed through at least 
three phases. An initial expansion of 
interest led to an enhanced understanding 
of the desert biome (exemplified by the la 
Professor P.A. Buxton’s pioneering worl 
Animal Life in Deserts, first published 
early as 1923). This was followed-in tt 
years after the Second World War by.aco 
siderable amount of research on the ada 
tations, physiology and phenology. 
desert animals. The third phase began w 
an awakening of interest in ecosystet 
and the establishment of the Internati 
Biological Programme in 1964. Les 
ten years later, interest in the env 
had grown. to a point at which al 
generation of biologists was vi iewing 
biology from the perspective of the 
munity and the ecosystem. The i impe 
this approach came partly from thi 
lectual and financial backing of thi 
and partly from major advances 
place in ecological theory and p 
logical methodology. | 
Cliff Crawford’s valuable statem 
only brings together much of the. 
past and present investigators, bi 
his own conceptual bias — prob 
what desert invertebrates do and h 
do it — in dealing with a topic ni 
manipulated. His book is organize 
parts: Deserts and Desert Invertel 
Adaptations to Xeric Environments 
History Patterns; Invertebrate € 
munities; Invertebrates in Desert 
systems: Summary Remarks. An i 
the detail included in this synthet 
ment is indicated by the fact that 
no less than 33 pages of referet 
last analysis, despite the rece! 
facts and interpretations, $0 eV: 
book under review, we are plain 
from a comprehensive understanding 
roles of desert invertebrates. Are n 
of their patterns of adaptation, life 
and community interaction 
apparent than real? Continued study 
doubtless reveal the truth in such matte! 
Only to the uninitiated do arid regions 
appear dull and lifeless. Their inhabitants 
may, indeed, be secretive and few in 
number, but the biological problems po: ed 
by their very existence in such harsh ar 
hospitable a makes the 
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DG G . Harnden 


Cancer Biology. By Raymond W. Ruddon. 
Pp.344. Hbk ISBN 0-19-502942-9; pbk 
ISBN 0-19-§02943-7. (Oxford University 
Press: 1982.) Hbk $21.95; pbk $14.95, £10. 


4, AT 018 relatively easy to describe the 


«characteristics of cancer cells but rather 
“more difficult to say which ones are critical 


Circle No.20 on Reader Service Card. _ 


W at we need to know 


for conferring malignancy. Similarly, it is 
asy to conclude that there must be an 
Iteration in the genome; but whether the 
hange is structural, regulatory or a 
ombination of the two has always seemed 
rather harder to define. It comes as 
something of a culture shock, therefore, to 


find a book which not only assumes that it 
is the regulatory changes that are 
fundamental but makes this thesis sound 


neomfortably convincing for an advocate 
somatic mutation, To quote Dr Ruddon 
55): 


to understand 
inogenesis and to develop ways of 
venting or curing cancer, then, is contained 
he mechanisms of normal cellular 
differentiation. 
“It has been clear for some time that an 
standing of differentiation could 
rove to be very important in some cancers, 
Wwe now have to reckon with the 
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possibility that, 
_ cancers, 


La Grange Park, IL pones Get iS specific ecological problem. - E 


for the majority of 
the principal irregularity is a 
deviation from, or an arrest at some point 
in, the pathway of deyelopment of the stem 
cell into a mature differentiated cell, The 
association between mutagenesis and 
carcinogenesis, however, is too strong to be 
unimportant; but it may be that the link lies 
in the structure and function of regulatory 
sequences, whose potential for controlling 
the balance between preparation for 
cellular proliferation and the production of 
specific products of the differentiated cell 
we are only just beginning to understand. 
Dr Ruddon does not go out of his way to 
advocate the importance of regulatory 


an it an n interesting arid 
approach in which the author’s perso 


stimulati 


views and areas of interest feature q 
prominently. This makes it much mo 
compelling to read than a multi-auth 
book and makes the breadth of coverag 
quite remarkable. Little prior knowle 

of cancer nor indeed of complex biologica 
techniques is assumed, and this makes it: 
very good book for senior students and: 
those entering research projects in this field: 
— as well as refreshing for those more fix 

in their ways. $ 


D.G. Harnden is Professor of Cancer Studies a 
the University of Birmingham, England. 


Ecological theory meets mycological data 


C.T. Ingold 


The Fungal Community: its Organization 
and Role in the Ecosystem. Edited by 
Donald T. Wicklow and George C. 
Carroll. Pp.855. ISBN 0-8247-6956-2. 
(Dekker: 1981.) SwFr. 280, $98.50. 


IN RECENT years mycologists have become 
increasingly interested in the life processes 
of fungi in their natural environments, 
and, at the same time, there has been a 
growing awareness amongst ecologists of 
the importance of fungi in the major 
ecosystems. The mycologist has tended to 
focus attention on specific niches in which 
fungi are the dominant organisms; in 
particular much attention has been given to 
fungi in the soil. However, the outstanding 
need is for valid quantitative estimates of 
the contributions of fungi to the dynamic 
equilibrium of such major plant com- 
munities as forest, prairie or heath. The 
ecologist is concerned with all of the 
components of these communities and how 
they interact. By their very nature, the 
fungi are perhaps the most difficult to 
handle. 

The Fungal Community, as Swift says in 
his foreword, is an evangelistic work. It has 
the worthy aim of stimulating mycologists 
and ecologists to concerted and integrated 
endeavour. No less than 52 authors, in- 
cluding some general ecologists, have 
contributed 41 chapters which are divided 
into eight parts: fungal ecology and 
ecological theory; fungal populations; 
organization of fungal communities; 
interactions among fungal populations; 
fungal community development; fungal 
productivity in ecosystems; fungi in 
nutrient re-cycling; and finally the aquatic 
hyphomycete community as an example of 
how mycologists have approached: a 
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comin: Emerson ‘and Natvig ò 
adaptation of fungi to stagnant waters 
Frankland on fungal succession; Starme 
on yeasts associated with cacti and sprea 


A irosen cycling i in conifer H 
Suberkropp and Klug on de 
leaves by aquatic hyphomycete loweve 
a number of chapters are mediocre. In al 
one is left with the feeling that if, instead o 
52 authors, a quarter of that number unde 
closer editorial control had contributed, 
more valuable and influential work. nigh 
have resulted. 

Three chapters deal with lichens, but th 
value of considering them in this book 
doubtful. As Pike, in his chapter on liche 
biomass, remarks ‘‘the thallus of lichen: 
bears more similarity to the body of a green” 
plant than it does to the mycelium of mos 
fungi’’. > 
Nonetheless, The Fungal Community Ñ 
will be read with interest not only by | 
mainstream ecologists concerned*with the | 
whole ecosystem, but also by the growing © 
number of mycologists who are taking an , 
ecological approach that is at the same time | 
both experimental and quantitative. (Inci- / 
dentally it is to be hoped that, in adopting | 
and adapting ecological. methods, these 4 
mycologists will be at pains to avoid | 
indulging in too much ecological jargon.), 
The path ahead in the study of the ecology . 
of fungi will undoubtedly be beset wit 
difficulty, but the production of this book ; 


is one step forward. 
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